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B CELL RECEPTOR APOPTOSIS: SIGNALLING AND REGULATION 

By Matthew David Fox 

The response of B cells to contact with antigen is controlled by intracellular signals transmitted 
through the B cell receptor for antigen (BCR). At certain stages of B cell differentiation, these 
signals, generated by cross-linking the BCR, lead variously to proliferation, differentiation or cell 
death. This latter outcome is of interest with respect to immunotherapy of B cell tumours where 
monoclonal antibodies (mAb) can mimic antigenic contact. To date, research has focused on the 
production of mAb raised against specific idiotypic domains of tumour BCR. Unfortunately, 
although good clinical responses are seen with this so-called anti-idiotype approach, the unique 
specificity of these reagents renders them unfeasible as a cost effective means of large-scale tumour 
therapy. Therefore, reagents that are more generic are required, capable of targeting a range of 
different tumours. Similarly, it is still unclear which signals elicited from the BCR are important for 
initiating tumour cell death. 

The following study was undertaken, using a variety of B cell lymphoma lines to investigate whIch 
properties of anti-BCR mAb are important for the induction of cell death. The data contamed in this 
thesis demonstrates that the IgM region of the BCR is a potent inducer of apoptosis. Interestingly, 
only mAb raised against the Fc).! domain of mIgM could induce potent apoptosis. Although mAb 
raised against the Fd).!, light chains and Id domain of mIgM and mAb raised against the CD79 
heterodimer did not induce apoptosis, all mAb induced activation of protein tyrosine kinase (PTK) 
signalling cascades, and release of intracellular calcium. What appears to be important is the kinetics 
of PTK and calcium signalling from the BCR such that anti-Fc~L mAb induce moderate. but 
prolonged PTK activation. In particular, the PTK Syk but not Lyn was shown to be regulated 111 this 
way. 

Next, we sought the reason for the difference in signalling and apoptosis induced by the varIOUS 
mAb. After discounting the binding level and affinity of the mAb, we investigated the ability of the 
mAb to cause disruption of the BCR. Whilst anti-Fc).! mAb caused disruption of the BCR, leading to 
the dissociation ofmIgM from the CD79 heterodimer, other mAb did not. It was postulated that this 
results in the CD79 heterodimer being retained at the cell surface for a longer period of time, causing 
prolonged signalling, which was demonstrated by flow cytometry. Conversely, other mAb 
specificities caused the whole BCR complex to be internalised leading to more rapid shut down of 
the PTK. 

Another aspect of research into providing therapy for lymphomas relies on the further understanding 
of causative factors of disease. Previous studies have shown that an alternative transcript of CD79b 
is present in human B cells, and raised in tumour cells isolated from patients suffering from various 
B cell tumours. To assess whether this might be a central means of regulating deleterious BCR 
signals, we assessed whether this transcript was also present in normal and malignant mouse B cells. 
Using RT-PCR, sequencing and western blotting, we demonstrate for the first time that an 
alternative transcript of CD79b that lacks the whole of exon three (m~CD79b) is also present in 
murine B cell lines and nonnal splenocytes. Research indicates that over-expression of this 
transcript inhibits BCR induced apoptosis, possibly through regulation of different PTK signalling 
cascades. 

The data represented in this thesis help to explain why only certain mAb directed at the BCR have 
been successful in therapy and indicate a possible mechanism for their efficiency. In addition, that 
m~CD79b does affect the activation of PTK generated through cross-linking BCR and remains a 
possible causative factor for B-CLL. 
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Chapter 1 

Introduction 

1.1 B cell receptor for antigen 

B cells are a pivotal part of the humoral immune system, allowing the host to effectively 

defend their environment from invading pathogens(l). Possibly, the most important 

molecule expressed on the B cell surface is the B cell receptor (BCR) for antigen (Ag). The 

BCR plays a fundamental role in the activation of the B cell in response to foreign Ag and 

also regulating its development(2). Both of these functions require appropriate signalling 

through the BCR. In addition, the BCR is responsible for delivering receptor bound Ag for 

processing and presentation via MHC class II molecules to helper T cells(3). Both of these 

processes are required for complete B cell activation and mounting of an appropriate 

lmmune response. 

The BCR is comprised of a membrane associated immunoglobulin (mIg) molecule non

covalently associated with the CD79 heterodimer. The association of these two molecules 

and their expression at the cell surface is critical to the activation of intracellular signalling 

pathways that are induced when the BCR is cross-linked by Ag(4. 5). The structure and 

function of the BCR will now be discussed, along with current views on receptor 

redistribution in response to ligation. 

1.1.1 Membrane bound immunoglobulin 

Membrane Ig is expressed on the surface of normal B cells at 104-105 copies per cell, with 

the predominant isotypes being IgM and IgD(6\ although all classes of immunoglobulin 

(IgM, IgD, IgG, IgE, and IgA) have been shown to exist as structurally distinct mIg f01111s 

on the B cell surface(7). mIg consists of two Ig heavy chains forming a homodimer and two 

light chains each of which is covalently bound to one of the heavy chains(8). The mIgM and 

mIgD are not capable of initiating signalling pathways following BCR cross-linking as the 

intracellular region of these two isotypes consists of only three amino acid residues; lysine, 

valine, lysine (KVK)(8). The cytoplasmic domains of the other mIg isotypes express an 

extended number of residues of either 28 (IgG, IgE) or 14 (IgA) amino acids, and may be 

important in delivering istotype specific intracellular responses(9). 

1 



1.1.2 CD79 heterodimer 

The CD79 heterodimer (CD79a and CD79b) is comprised of two structurally similar 

proteins linked by an extracellular disulfide bond(10). CD79a and CD79b are encoded by the 

B cell specific genes mb-l and B29 respectively, encoding proteins of 34kDa and 39kDa, 

depending on the glycosylation state of the protein(11-14). The B cell specific gene mb-l is 

located at position 19q13.2 in the human genome and 7p20.1 in murine genome(13-15). B29 

is located at position 17q23.3 in the human genome and llql06.13 in the murine genome(13-

15). Both proteins comprise an N-terminalleader sequence followed by either 109 (CD79a) 

or 129 (CD79b) amino acid extracellular domain(8, 15). CD79b contains an additional exon 

(exon 2) encoding a small extracellular peptide before the main extracellular region(16). The 

extracellular domains of CD79a and CD79b contain three and five cysteine residues 

respectively, along with one tryptophan and several other conserved residues found in 

proteins of the immunoglobulin super-family(15). From this sequence data, prediction 

modelling indicates that the extracellular domains of CD79a and CD79b form an Ig-like 

domain with intra-domain disulfide bonds and with both proteins joined via an inter 

disulfide as shown in Figure 1.1 (8, 16). 

Both CD79 proteins also contain a 22 amino acid transmembrane domain containing either 

negatively charged (CD79a) or polar (CD79b) residues(8). The C-terminal cytoplasmic 

domains of CD79a and CD79b consist of 61 and 48 amino acids containing four and two 

tyrosine residues, respectivelyC8). The cytoplasmic domain of CD79a and CD79b contain a 

specific sequence known as the Immunoreceptor Based Activation Motif (IT AM), which is 

responsible for mediating the intracellular signalling cascade(4). IT AM motifs are also 

found on the C-terminal domain of other important immune receptors including the T cell 

receptor for Ag and the y-chain of the IgE Fc-receptor on mast cells(17). All three types of 

receptor are activated by cross-linking leading to rapid tyrosine phosphorylation and 

calcium mobilisation within the cell(l8). The single IT AM motiflocated in the cytoplasmic 

domain of each CD79 protein consists of six conserved amino acid residues spaced over a 

26 amino acid sequence (D/EX7D/EX2YX2LX7YX2Li4, 8). Each ITAM motif contains two 

negatively charged residues and two tyrosine residues; mutation of the two tyrosine residues 

to alanines ablates the triggering of the intracellular signalling cascade in B cells(19, 20). 

1.1.3 Association of mIg and CD79 heterodimer 

It is known that the extracellular and transmembrane domains of CD79a and CD79b interact 

with mIg(8, 21). The interaction between mIg and the CD79 heterodimer is both necessary 
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and sufficient for the release of the complete BCR from the endoplasmic reticulum (ER) and 

transport to the cell membrane(22), 

Due to the short cytoplasmic domains of mIgM and mIgD it was proposed that the mIg must 

associate with a signalling complex to allow the transmission of intracellular signals upon 

receptor cross-linking(4), Hombach, et aI., (22) showed that Myeloma cell lines that do not 

express mIg, would not express mIg at the surface even if transfected with mIgM DNA. 

However, repeated cloning and sorting lead to the isolation of one clone expressing mIgM at 

the cell surface, Further analysis revealed that the surface IgM molecule was there in the 

presence of an associated heterodimer which had been lacking from the other clones(23), 

The finding that mIg is associated with an accessory heterodimer, allowing the expression 

of mIg at the cell membrane was also shown by other groupS(24l , This heterodimer is now 

known as the CD79 heterodimer, and mIgM expression is dependent on the cellular 

expression and association ofmIgM with CD79a and CD79b(21), In fact mIg expression of 

all isotypes is dependent on the expression and association of the CD79 heterodimer(25), 

Prediction modelling shows that if the transmembrane domain of mIg were to form an u

helix then one side of the helix would contain a large number of polar amino acid residues 

which are highly conserved among all mIg isotypes(26, 27), These polar residues are required 

to be neutralised by protein-protein interactions, Therefore, it is predicted that polar residues 

located in the transmembrane domain of the CD79 heterodimer may provide this 

interaction(8), This theory has been supported by the fact that mutation of the mIg 

transmembrane polar residues to non-polar residues prevents that association of mIg with 

the CD79 heterodimer(26-28), Importantly, these and other experiments of this type have 

shown that although mutant mIg molecules are capable of escaping from the ER without 

CD79 and being expressed at the cell surface, cross-linking of these receptors fails to initiate 

intracellular signalling cascades(28, 29), Studies investigating the glycosylation state of the 

CD79 heterodimer have reported that CD79a can be differentially glycosylated and this may 

account for the association of the CD79 heteromdimer with different mIg isotypes(26,27), 

There have been no reported differences in the glycosylation state of CD79b, or of 

differences in the glycosylation state of CD79a and CD79b between species, It was also 

predicted that two CD79 heterodimers would associate with one mIg, due to the presence of 

two Ig heavy chains and the requirement to neutralise two sections of polar residues(S), 

however, recent evidence suggests that this may not be the case and only one CD79 

heterodimer associates with one mIg molecule(30), 
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1.2 Activation of B cell signalling pathways 

Cross-linking of the BCR upon ligation of mIg with Ag leads to the activation of 

intracellular signalling pathways. It is these signals, along with others from helper T cells, 

that then direct mature B cells to differentiate into plasma cells which secrete antibody (Ab) 

directed towards the initial Ags(4, 5). B cells develop from a single progenitor cell giving rise 

to a large proportion of cells that express individual Ag specificityC31). Inevitably, a large 

proportion of B cells develop containing a variable domain of the BCR specific for 'self 

Ag. During development, B cells that bind 'self Ag initiate signalling pathways that result 

in eradication of self reactive cells by the process of apoptosis, which is detailed in figure 

1.2(2). 

It has been known for some time that cross-linking of the BCR with multivalent Ag or 

monoclonal antibodies (mAb) that cause receptor aggregation leads to the activation of 

intracellular protein tyrosine kinases (PTK) , release of intracellular calcium and the 

activation of nuclear transcription factors(32, 33). 

Over the past decade research has allowed the discovery of specific PTK activated in 

response to BCR cross-linking. It is clear that specific PTK bind phosphorylated tyrosine 

residues located within the IT AM motifs of the CD79 heterodimer, which in tum become 

activated and subsequently activate other downstream PTK that lead to both release of 

intracellular calcium, and the activation of nuclear transcription factors. Nuclear 

transcription factors that are important in B cell responses to intracellular signalling 

pathways include; NF-KB, c-jun, nuclear Factor of Activated T cells (NFAT), c-Rel and 

ReI-A, activated by downstream effector molecules including the MAPK extracellular 

signal regulated kinase (ERK) , c-jun NH2 -terminal kinase (JNK-l), and p38 MAPK(32). 

Although the final stages of the B cell signalling pathway are reasonably well characterised 

the initiation events of BCR signalling have led to much disagreement within the field. 

It is accepted that BCR activated intracellular signalling pathways originate from the CD79 

heterodimer, however, the process of receptor signalling and PTK activation is complex. 

The main outline ofB cell signalling pathways is detailed in Figure 1.3. 
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Figure 1.3 Activation of Intracellular Signalling Pathways. Cross-linking of the BCR on the 
surface of B cells in response to Ag leads to the activation of a variety of PTKs. Activation of these 
PTKs leads to the activation of intracellular signalling pathways ultimately leading to the activation 
of nuclear transcription factors within the cell nucleus. Complied using the following references; 8, 
18,21 ,36,3 8,4 1, 44, 46,48,50, 53,54,56 and 62 . 
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Signal transduction has been shown to proceed from the IT AM motifs located within the 

cytoplasmic domain of the CD79 heterodimer, and is dependent on the successful 

expression of the CD79 heterodimer with mIg(22). Prevention of mIg associating with the 

CD79 heterodimer either by deleting the cytoplasmic domain of mIg, or mutating the polar 

residues located within the transmembrane region of mIg heavy chain also prevent the 

initiation of signalling pathways shown by the ablation of tyrosine phosphorylation(28, 29), 

Activation of the initial PTK by CD79 leads to further PTK activation and the spreading of 

a signalling pathway within the cell leading to the activation of nuclear transcription 

factors(32). Initiation of signalling pathways also rely on the interaction between PTKs and 

protein tyrosine phosphatases (PTP), which oppose the actions of PTKs(34). It is the balance 

between PTKs and PTPs that allows the tight regulation of signalling pathways. 

1.2.1 Src-family kinases 

Once the BCR has clustered at the cell membrane in response to Ag or mAb, the tyrosine 

residues located within the IT AM motif of the CD79 heterodimer must be phosphorylated to 

allow signalling pathways to develop. Clark, et ai., (35) were among the first to demonstrate 

that the cytoplasmic domain of CD79a and CD79b bind PTK upon BCR cross-linking, 

Initial evidence indicated that the Src-family kinases were the first to phosphorylate and 

bind activated tyrosine residues located within the IT AM motif36, 37), Evidence showed that 

Src-family kinases that include Lyn, Fyn, Blk, and Fgr can bind phosphorylated tyrosine 

residues via their single Src-homology 2 (SH2) domain and become activated(4, 33). 

Coupling of the CD79a and CD79b cytoplasmic domains to external ligands such as MHC 

class II or Platelet Derived Growth Factor Receptor shows that 80% of the phosphorylation 

first occurs at the N-terminus of the IT AM motif38). This suggested that Src-family kinases 

phosphorylate the N-terminus tyrosine residue located in the IT AM motif, bind and 

subsequently activate further downstream PTKs allowing the spread of signalling 

pathways(32) . 

1.2.2 Syk protein tyrosine kinase 

Following the activation of Src-family kinases and the phosphorylation of both tyrosine 

residues located within the IT AM motif, it is traditionally thought that Syk, a non-Src like 

PTK is next to bind the IT AM motif. Syk binds via its two SH2 domains; impOliantly both 

SH2 domains are required to be bound for full activation of Syk(4). However, recent 

controversial research suggests that binding of Syk to the IT AM motif is independent of 

8 



Src-family kinases. Rolli et at., (39) suggest that Syk under certain conditions can 

phosphorylate both tyrosine residues located within the IT AM motif itself, allowing it to 

subsequently become fully activated by binding through both SH2 domains. 

It is believed that Syk is tightly regulated by SH2 domain containing protein tyrosine 

phosphatase (SHP-l) which de-phosphorylates tyrosine residues within the IT AM motif 

preventing Syk binding and initiation of full signalling pathways(40,41). This theory suggests 

that the interaction of PTK such as Syk and regulation by PTP generates a low basal signal 

that sustains the life of the cell(42). This new theory was proposed as a result of Syk knock 

out models that indicate binding of Syk to IT AM motifs is essential for completion of the 

signalling pathways and activation of downstream signalling effectors; ERK, JNKI and 

p38(43,44). 

1.2.3 Adaptor proteins 

The signal transduced from the IT AM motif of the activated BCR cannot be transpolied 

directly to the nucleus by Src-family or Syk PTKs. Therefore complex adaptor proteins 

including; phosphatidylinositol 3-kinase (PI3-K), the B cell linker protein (BLNK), Sons of 

Sevenless (SOS), Shc and Grb2 function to build a strong basis from which the signal can 

amplify and spread. 

1.2.3.1 PI3-K 

PI3-K remains the least well understood of all PTKs involved in B cell signalling. PI3-K is 

known to playa fundamental role in the B cell signalling pathway as PI3-K knockout 

models show abnormalities in B cell activation and development(45, 46). Three classes of 

PI3-K exist, with class one remaining the most studied. PI3-K contains an SH2 domain that 

binds phosphorylated tyrosine residues within YXXM motif leading to its activation(47). 

Activated PI3-K has the capability to phosphorylate phosphatidylinositol (3,4)-bisphosphate 

(PIP2) to phosphatidylinositol (3,4,5)-triphosphate (PIP]). The production of PIP] is 

important in aiding the recruitment of PTK to the plasma membrane that contain Plekstrin 

Homology (PH) domains(48,49). Recruitment of PH containing PTK including Akt (or PKB) 

and Brutons Tyrosine Kinase (Btk) are essential for activation of distinct signalling 

pathways. Although Btk is widely known to playa key role in calcium mobilisation, the 

activation of Akt is less well understood. Akt is known to be important in providing anti

apoptotic signals to the B cell by the activation of nuclear transcription factor NF_KB(50. 51). 
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PI3-K knock out models fail to show BCR activated phosphorylation of Akt and 

subsequently fail to activate NF_KB(52). 

1.2.3.2 BLNK 

The most well characterised adaptor protein to date in B cells is BLNK, which is 

phosphorylated shortly after the activation of Syk(53, 54). BLNK is a cytoplasmic adaptor 

protein containing several N-terrninal tyrosine phosphorylation sites, a proline rich stretch 

and consensus recognition motifs for SH3 domains and a C-terrninal SH2 domain(32). 

BLNK acts as a scaffold, recruiting various signalling proteins including Phospholipase Cy2 

(PLCy2), Vav, Grb2, Nck, and Btk(55, 56). 

BLNK binds to the phosphorylated tyrosine at the C-terrninus of the CD79a cytoplasmic 

domain at position Y204, located outside of the IT AM motif57). Mutation of this tyrosine to 

phenylalanine prevents association of BLNK with the CD79 heterodimer, interrupting the 

intracellular signalling cascade(57). BLNK knockout mice show severe Ab deficiency and a 

phenotype that matches X-linked agammaglobulinaemia in humans and X-linked 

Immunodeficiency in mice(53); with B cell development blocked at the pro- to pre-B cell 

stage(58,59). 

1.2.4 Release of intracellular calcium 

One of the earliest intracellular responses to BCR activation along with protein tyrosine 

phosphorylation is the increase in concentration of intracellular calcium(l8). Upon BCR 

activation, Btk migrates to the plasma membrane where it binds to PIP3 via its N-tem1inal 

PH domain(60, 61). Binding ofBtk to the plasma membrane brings it within reach of activated 

PTKs allowing its phosphorylation by Src-family kinases and subsequent activation(62). 

Although the activation ofBtk is thought to be dependent on PI3-K due to the presence of a 

PH domain, recent evidence suggests that Btk translocation to the plasma membrane and 

subsequent activation is unaffected in PI3-K-1
- murine models(63). The loss of functional Btk 

expression has been linked with repOlied disease states in both murine and humans. Btk 

deficiency leads to impaired maturation of B cells between the pro- to pre-B stage, 

diminished Ig production, compromised T -independent immune response and a marked 

attenuation of sustained calcium signalling upon BCR activation(64, 65). 

The most studied PTK involved in increasing the concentration of intracellular calcium is 

PLCy2, with its activation dependent on the activation of PTKs including Syk and Btk. 

PLCy2 binds phosphorylated tyrosine residues on BLNK via its SH2 domain, allowing its 
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recruitment to the plasma membrane(33). Phosphorylation of PLCy2, by Btk and Syk leads 

to its full activation allowing cleavage of PIP2 to inositol 1,4,5-triphosphate (IP3) and 

diacylglycerol (DAG)(32). IP3 binds to its receptor located within the ER, leading to the 

release of intracellular calcium stores and an increase in the concentration of cytosolic 

calcium(66, 67). This sudden increase in cytosolic calcium also leads to the activation of 

calcineurin, de-phosphorylation and migration to the nucleus resulting in the activation of 

the nuclear transcription factor; NF AT(68). Increased cytosolic calcium levels also promote 

the nuclear translocation ofNK-KB, c-Rel and Rel-A transcription factors(32). 

1.2.5 Activation of PKC 

Activated DAG in the presence of calcium leads to the activation of protein kinase C-~ 

(PKc_~)(4, 69). Upon activation, PKC-~ is recruited to the plasma membrane along with the 

IKK complex, which is comprised of the nuclear transcription factor NF-KB and its 

regulatory molecule IKB(70). IKB negatively regulates NF-KB preventing translocation of the 

nuclear transcription factor from the cytosol to the nucleus(71, 72). Recruitment of the IKK 

complex to the plasma membrane allows phosphorylation of IKB by PKC-~, targeting it for 

ubiquitination and degradation, releasing NF-KB and allowing it to translocate to the 

nucleus(70). 

1.2.6 Activation of Rho-family GTPases 

Yav, a member of the guanine nucleotide exchange factors (GEF) of the Rho family 

GTPases is phosphorylated upon BCR activation(73). Yav phosphorylation allows the 

activation of Rho-family GTPases including Rac-I, RhoA and Cdc42(74). Rho-family 

GTPases are induced to undergo GDP to GTP exchange, functioning as molecular switches 

to activate downstream signalling effectors such as MAPK; JNK and p3S(43, 75). The Rho

family of GTPases also promote site-specific actin polymerisation leading to alterations in 

plasma membrane structures allowing the capping of activated BCR and optimal calcium 

mobilisation(73). Rho-GTPases also function to allow sustained hydrolysis of PIP2 by 

stimulating the PIP 5-kinase that synthesises PIP2(76). 

1.2.7 Ras activation 

Another GTPase involved III the activation of nuclear transcription factors following 

activation of B cell PTKs is the Ras GTPase. Following BCR activation the GEF SOS 

associates with the adaptor proteins Shc and Grb2 forming a complex of Shc-Grb2-S0S and 

its translocation to the plasma membrane(77). BLNK plays a fundamental role in the 
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activation of Ras-GTP by recruiting Grb2(781, increasing concentrations of Grb2 and SOS 

are associated with BLNK upon BCR activation and pervanedate treatment of B cells(54), 

Grb2 binds to BLNK via its N-terminal SH3 and SH2 domains and the C-terminal SH3 

domain allows the binding of SOS via its proline rich domain, Translocation of SOS to the 

plasma membrane directly activates Ras-GTP allowing it to function as a GEF(32), 

Ras-GTP recruits the serine/threonine kinase Raf (MAPKKK) to the plasma membrane for 

activation(43.75), Following activation, Raf phosphorylates the dual-specificity kinase MEK 

(MAPKK) which then phosphorylates and activates ERK (MAPK) which is responsible for 

regulating various cytoplasmic and nuclear effectors(43. 75), 

There are two isotypes of Raf that are predominantly expressed in mammalian tissue, Raf-l 

and B_Ra(79), Initial research indicated that Raf-l was required for downstream ERK 

activation and transcription of the immediate early genes egr-l and c-fos(80. 81), However, 

recent research indicates that Raf-l deficient DT 40 B cells only slightly down regulate ERK 

activity, where B-Raf deficient cells lose complete ERK activation and subsequent 

activation ofNFAT, following BCR mediated activation(79), 

1.2.8 Role of protein tyrosine phosphatases 

The triggering of signalling pathways is controlled within the cell to prevent constant and 

inappropriate activation(34. 40), B cell signalling pathways utilise PTPs to regulate the action 

ofPTKs within the cell. Important PTKs controlled by PTPs include Src-family kinases and 

Syk(34), The major PTPs involved in regulating BCR signalling are SHP-l, CD45 and the 

SH2-domain containing phosphatidylinositol 5-phosphate (SHIP)(82-84), Interactions 

between PTPs and PTKs not only allow the initiation of the signalling pathway due to the 

removal of inhibitory phosphorylated tyrosine residues on signalling PTKs but also prevent 

activation in resting B cells and aid in setting a signalling transduction threshold(34. 40), 

For example in resting B cells, Src-family kinases are prevented from undergoing 

spontaneous activation by a negative regulatory N-tem1inal tyrosine residue(40), This 

residue upon phosphorylation by Csk family kinases prevents Src-family kinase 

phosphorylating and binding tyrosine residues located within the IT AM motifS5
), However, 

Src-family kinases can be activated in the presence of the PTP CD45, a transmembrane PTP 

which contains two cytoplasmic PTP domains(40. 82), In B cells CD45 functions to 

dephosphorylate the negative regulatory tyrosine residue on Src-family kinases allowing 
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them to phosphorylate tyrosine residues and participate in the B cell signalling pathwayl'IO). 

CD45 knock out mice bare B cells that cannot activate Src-family kinases in response to 

BCR cross-linking (34). 

Accessory proteins that contain cytoplasmic Immunoreceptor Tyrosine-based Inhibitory 

Motif (ITIM) also play an important role in preventing BCR signalling(34). PTP including 

SHP-l and SHIP have been shown to bind ITIM motifs of negatively regulatory proteins 

including the IgG Fc receptor; FcyRIIb and CD22(34, 84, 86). Both molecules are required to 

control B cell activation, and mice that lack these inhibitory receptors exhibit high levels of 

circulating IgM and autoantbodies(40). SHIP, although it does not directly control the 

activation ofPTKs is important in preventing improper activation of the signalling pathway. 

SHIP regulates PIP2, which is phosphorylated to PIP3 by PI3-K. SHIP can dephosphorylate 

PIP3 back to PIP2 preventing the association of PH containing PTKs such as Btk and Akt 

with the plasma membrane in resting B cells and their activation by other PTKs(84). 

Therefore, it can be seen that the interaction between PTKs and PTPs is essential not only to 

prevent activation of the B cell signalling pathways in resting B cell, but also in activating 

and maintaining the signalling pathway in activated B cells. 

1.3 Role of the BCR in B cell development 

As well as delivering the appropriate signal for B cell activation in the presence of foreign 

Ag, the BCR also plays a significant role in B cell development. In fact BCR signalling 

controls such diverse activities as apoptosis, anergy, proliferation and receptor editing 

during B cell development. B cells are generated from haematopoietic stem cells (HSC) in 

the liver during foetal life, and in the bone marrow (BM) in adult life(87). From HSC, B cells 

develop along a well differentiated pathway from pro-B cells through the pre-B and 

immature stages to develop into mature B cells, as shown in Figure lA. B cell development 

is governed not only by the pre-programmed transcription factors but also signals delivered 

from the BCR(2). These signals playa pivotal role during B cell development allowing B 

cell proliferation at the early stages. There is still much debate into whether B cell 

development within the BM relies on an external ligand, or whether intracellular signals are 

sufficient to drive development. The stages of B cell development will now be discussed 

including the importance ofBCR signalling at each stage. 
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Figure 1.4 The Developmental progression of B cells. B cells originate in the bone marrow from stem cells, differentiate into pro-B cells and 
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1.3.1 Pro-B cell development 

At the early stages of development stromal cells located in the BM are believed to play an 

important role in early B cell development due to their ability to secrete interlukin-7 (lL-

7)(88). HSC expressing the IL-7 receptor in the BM microenvironment are able to 

differentiate into early pro-B cell stage in the presence of the transcription factors E2A and 

early B cell factor(89). Pro-B cells express the Pax-5 transcription factor, which is essential 

for maintaining B lineage commitment(87). Pax-5 deficient pro-B cells are not capable of 

maturing past the pro-B cell stage(90). The main characteristic ofpro-B cells is the initiation 

of V(D)J recombination of the Ig-Heavy (IgH) chain under the expression of the 

recombinase activating genes (RAG-l and RAG_2)(87). Although pro-B cells do not express 

IgH chain at the cell surface, interest in the capability of pro-B cells to initiate intracellular 

signals allowing B cell development to progress has been fuelled by the discovery of the 

expression of the CD79 heterodimer on the surface of murine pro-B cells isolated from the 

BM of RAG-2 deficient (RAG2-1
-) mice(91). These experiments showed that CD79b was 

expressed as either a monomer, or disulfide linked heterodimer at the cell surface, in the 

presence of four membrane molecules, of which one has been identified as the protein 

chaperone; calnexin(92). Cross-linking of the pro-BCR with mAb directed to CD79b led to 

rapid, transient tyrosine phosphorylation of CD79a and intracellular signalling proteins(92). 

mAb induced intracellular signalling allowed pro-B cells to differentiate to the small pre-B 

cell stage, when expressed in the presence of all transgene(92). 

However, the presence of a CD79 heterodimer has yet to be identified on human pro-B 

cells. Research by Benlagha, et a1.Y3) provided biochemical evidence that CD79 

heterodimers do not reach the cell surface of human pro-B cells. More importantly the 

majority of CD79a and CD79b in pro-B cells are located in separate pools within the ER, 

and only a small fraction form heterodimers. It has been suggested that although the CD79 

heterodimer must be incapable of arriving at the pro-B cell surface on human B cells, the 

CD79 heterodimer could still signal to allow B cell development as the Src family kinase 

Lyn was found to associate with CD79a and CD79b. 

The formation of a pro-BCR that could initiate intracellular signals allowing the 

development of pro-B cells to the pre-B cell stage is hotly debated. It is not known whether 

pro-B cells are sufficient to generate their own signal to allow B cell development, or 

whether the BM microenvironment allows differentiation via ligand interactions, which 

have yet to be identified(94, 95). To date, the majority of research has focused on the pro-B 
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cells capability to form intracellular signals to allow differentiation independent of ligand. 

Murine models that lack CD79b (CD79b-I
-) developed by Gong and Nussenzweig\96 l 

showed a complete block in B cell development at the pro- to pre-B cell stage. If CD79b is 

then reintroduced into CD79b-l
- mice under the control of RAG promoters, murine B cells 

develop to the pre-B cell stage(97). CD79a knock out murine models (CD79a-I
-) show an 

absence of immature and mature B cells in murine BM, with the presence of B cells that 

express the pan-B cell markers B220+ and CD19(98). Bannish, et al.,(99) showed that 

retroviral transfection of a fusion protein containing the cytoplasmic domains of CD79a and 

CD79b fused to a lck domain that targets the construct to the inner-leaflet of the plasma 

membrane, could drive B cell differentiation from the pro-B cell stage to the immature B 

cell stage in mice that expressed B cells lacking IgM heavy chain. This evidence suggests 

that pro-B to pre-B cell differentiation is dependent on signals derived from either IT AM of 

the CD79 heterodimer and that this process is ligand independent. 

1.3.2 Pre-B cell development 

Pre-B cells are characterised by the expression of the pre-BCR at the cell surface(lOO). The 

pre-BCR is comprised ofmIgM heavy chain associated with a surrogate light chain (VpreB 

or A5) and the CD79 heterodimer(lOI). The pre-BCR functions as a key checkpoint regulator, 

triggering B cell proliferation in the presence of successful IgH chain rearrangement leading 

to its expression at the cell surface and the allelic exclusion of the second IgH chain 

locus(102). Successful IgH chain gene rearrangement is associated with a down regulation of 

RAG expression at the messenger RNA (mRNA) and protein level(lOI). RAG expression is 

subsequently up regulated allowing the recombination of the Ig-light (IgL) chain in the 

absence of terminal deoxynucletidyl transferase (TdT)(87). Pre-B cells are also associated 

with the up regulation of the anti-apoptotic protein Bcl-XL(I03). 

Truncation of the cytoplasmic domain of either CD79a or CD79b results in differences in 

functions of CD79a and CD79b in B cell development in respect that mIg being expressed 

at the surface with the absence of one IT AM motif. Torres and Hofen(I04) showed that 

truncation of CD79a cytoplasmic domains (CD79at.clt.C) did not prevent B cell 

developmental arrest at the early pro- and pre- B cell stages, suggesting that the single 

IT AM motif of CD79b is sufficient to drive B cell development. However, the numbers of 

peripheral B cells were severely reduced, and immature B cells expressed a BCR, which 

constitutively signalled. Truncation of the cytoplasmic domain of CD79b (CD79bt.clt.C) 

leads to B cell arrest at the immature stage, with cell death occurring by apoptosis(IOS). 
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There was however, a marked increase in the number of pro-B cells, indicating that the 

single cytoplasmic domain of CD79a was sufficient to trigger pre-B cell differentiation and 

proliferation. Crossing of CD79aLlc/Llc with CD79bLlc/Llc lead to developmental arrest at the 

pre-B cell stage indicating that the intracellular signals derived from the cytoplasmic 

domain of the CD79 heterodimer is crucial for B cell development, in agreement with data 

from the CD79a and CD79b whole molecule knock out models(IOS). 

1.3.3 Immature B cell Development 

Once the IgL chain has successfully rearranged and is expressed at the cell membrane along 

with 19B chain and the CD79 heterodimer, B cell differentiation progresses to the immature 

stage(2). BCR expression and signalling are required at the pre-B cell stage to allow V(D)J 

recombinase-dependent IgL chain assembly, surface expression of the BCR and suppression 

of further gene rearrangements(l06). Up to the immature stage ofB cell development, B cell 

differentiation and survival has relied on positive selection, where only B cells capable of 

generating an intracellular signal from the pre-BCR can proliferate, re-arrange the IgL chain 

and survive to differentiate to form immature B cells. 

Immature B cells migrate from the BM to the spleen where they undergo important 

selection events before becoming selected into the pool of long lived Ag responsive mature 

B cells(2). Only 5-10% of newly generated immature B cells are selected and survive to 

become mature B cells due to the removal of self reactive clones by cell death, anergy or 

neglect(107). Immature B cells circulate in the spleen for three to four days, where they are 

constantly exposed to self Ag; the fate of individual B cells depends on how strongly the 

BCR binds Ag(108). B cells that express a BCR that binds self Ag with high affinity are 

deleted by apoptosis(l07). B cells that express a BCR that binds Ag with an low affinity 

become anergic and eventually die by neglect, or they re-arrange their variable domains by a 

process known as receptor editing. If the new receptor does not bind at all then they 

progress to mature B cells(2, 107). Immature B cells that do not bind 'self Ag progress 

successfully to naIve mature B cells and up-regulate mIgD-BCR at the cell membrane\I(7). 

On mature B cells mIgD-BCR is expressed, the level of mIgD-BCR is five to ten times 

higher then the mIgM -BCR, which is the predominant mIg expressed on immature B 

cells(109). The increased expression of mIgD-BCR on mature B cells occurs despite a steady 

state production of mIgM which exceeds that of mlgD(109). It has been shown that mlgD 

binds to the CD79 heterodimer more stably then mlgM, probably due to its transmembrane 
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domain, as the extracellular domains of CD79 form a tighter contact with the heavy chain of 

mIgM than mIgD(1 09), 

1.3.4 Mature B cells 

NaIve mature B cells circulate the secondary lymphoid organs searching for Ag, Once 

bound via the BCR the B cells become activated and migrate into Germinal Centre (GC) 

follicles where Ag dependent selection begins(lIO, III), Activated B cells differentiate into 

centroblasts that rapidly proliferate, and alter their BCR IgV region by somatic 

hypermuation in order to develop high affinity clones towards Ag presented by follicular 

dendritic cells (FDC)(lIO), Centroblasts compete for Ag presented by FDC and those that 

bind with high affinity mature into centrocytes and migrate through the GC, whereas 

centroblasts that do not bind Ag presented by FDC or bind with low affinity are deleted by 

apoptosis(112). Centrocytes present Ag to T helper cells that express CD40 ligand (CD 154), 

which interacts with CD40 on the surface of B cells(l13), Interactions between CD40 and 

CD154 in the presence of cytokines secreted by the T helper cell leads to the expansion of 

cells and isotype switching(l13), These high affinity centrocytes differentiate into memory B 

cells or Ab secreting plasma cells depending on the length of exposure to CD154(113), The 

overall accomplishment of the GC reaction is to generate memory B cells that secrete or 

express BCR with a high affinity domain associated to either IgM, IgG, IgA or IgE constant 

domains(112,113), 

1.4 Association of the BCR and lipid rafts 

Following the binding of Ag to the BCR, cross-linking of receptors on the cell surface 

allows the transmission of intracellular signals leading to the transcription of a variety of 

genes associated with B cell activation. Until recently it was not clear how BCR cross

linking allowed triggering of intracellular signalling cascades, Evidence has shown that 

signalling receptors including the BCR associate with specialised lipid microdomains in the 

plasma membrane following cross-linking, as summarised in Figure 1,5(114), These lipid 

microdomains, termed lipid rafts are composed of sphingolipids, cholesterol, and GPI linked 

proteins that exist on both the outer and inner leaflet of the plasma membrane(115). 

Importantly, specific PTKs known to be involved in the initiation of intracellular signalling 

cascades such as Lyn are preferentially associated with lipid rafts (I 16), 
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Figure 1.5 Translocation of cross-linked BCR into lipid rafts. In resting B cells the BCR remains outside of lipid rafts, that 
are rich in the PTK Lyn. Upon cross-linking the BCR with Ag or mAb, the BCR translocate into the lipid rich domain of the 
plasma membrane. This allows activation of PTK by the CD79 heterodimer on the BCR, leading to activation of further PTK 
and activation of a fu ll signalling cascade. Compiled using references; 118, 120, 122 and 123. 



Lipid rafts consist of sphingolipids that contain highly saturated lipid tails(114, 115), These 

sphingolipids in conjugation with cholesterol make rafts less fluid then the remaining 

plasma membrane environment(114, 115), This separation between specific sections of the 

plasma membrane means that detergents such as Triton X-IOO can be used to solublise the 

more fluid sections of the plasma membrane, allowing isolation of the insoluble lipid rafts 

on sucrose density gradients(l17), This technique has indicated that many signalling 

receptors including the BCR associate with lipid rafts after ligation(l18), 

Initial research showed that mIg and CD79a do not associate with lipid rafts in untreated 

resting B cells, but that mAb receptor cross-linking caused translocation of mIg along with 

CD79 into lipid rafts(l18), Importantly, translocation of cross-linked BCR into lipid rafts 

occurred in conjunction with phosphorylation of CD79a and the Src-family PTK Lyn(l18), 

Following BCR cross-linking protein tyrosine phosphorylation occurs almost immediately, 

with maximum levels reached after about five minutes(29), Therefore, it is predicted that 

cross-linked BCR can translocate into lipid rafts allowing the rapid phosphorylation and 

activation of PTKs in mature B cells, 

The importance of the BCR translocating into lipid rafts following BCR cross-linking is 

highlighted in B cells where lipid rafts are disrupted, Synthetic agents that either remove 

membrane associated cholesterol or disrupt the association of the BCR with lipid rafts show 

greatly reduced levels of PTK phosphorylation after stimulation(I17, 119), At a more 

fundamental level, B cells infected with the Epstein Bar virus (EBY) show inhibition of 

BCR induced PTK phosphorylation due to the EBY latent membrane associated protein 2A 

(LMP2A) that resides within lipid rafts, LMP2A not only prevents translocation of the 

receptor to lipid rafts following cross-linking but also sequesters Lyn away from the 

BCR(120), 

1.4.1 Importance of lipid rafts at different stages of B cell development 

The association of the BCR with lipid rafts appears to be different at specific stages of B 

cell development. The pre-BCR expressed at the surface of pre-B cells is known to 

associate with lipid rafts in non-stimulated cells(121), The association of the pre-BCR with 

lipid rafts and the association of the pre-BCR with Lyn suggests that lipid rafts may 

contribute to survival signals required to allow development of pre-B cells(121), Disruption 

of lipid rafts in pre-B cells inhibits the recruitment of the PTKs PLCy2, IP3 production and 
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pre-B cell calcium signalling. Cross-linking the pre-BCR allows more pre-BCR to 

translocate into lipid rafts(l2l), presumably leading to more potent signalling. 

Unlike the pre- and mature BCR, the BCR expressed on the surface of immature B cells 

does not associate with lipid rafts either prior to or following cross-linking(l22). The non

association of the BCR with lipid rafts appears to correlate with an increased susceptibility 

to BCR induced apoptosis. This evidence suggests that lipid rafts may not only function as 

platforms for signal activation, they may also mediate important decisions of B cell fate 

during development, allowing decisions for survival in a signal transmission from a 

correctly assembled pre-BCR or deletion of self reactive immature B cells. 

1.4.2 Role of lipid rafts in receptor internalisation 

Lipid rafts function in B cells not only to mediate signal transduction in B cells in response 

to foreign Ag, but also to aid in intemalisation of bound Ag for processing and presentation 

to helper T cells. It has been shown that B cells treated with Src family kinase inhibitors fail 

to intemalise cross-linked BCR(123). This evidence suggests that lipid rafts that include 

increased concentrations of the Src-family kinase Lyn may function to mediate the 

intemalisation of cross-linked BCR (123,124). 

Recent evidence indicates that disruption of lipid rafts usmg chemical inhibitors or 

expression of LMP2A not only prevents the phosphorylation and activation of clathrin, but 

BCR intemalisation is also inhibited(l23). Reduced levels of BCR intemalisation following 

cross-linking was also observed in immature B cells, where the BCR is known not to 

translocate into lipid rafts(l22, 123). However, receptor intemalisation of bound Ag, although 

mediated within lipid rafts, appears to be independent of lipid raft intemalisation due to 

differences in kinetics observed for the intemalisation of lipid rafts compared to the 

BCR(l25). 

1.5 BCR Oligomerisation- An alternative view 

The recent evidence that suggests cross-linked BCR translocates to lipid rafts allowing 

initiation of intracellular signalling cascades has not been fully accepted. Evidence 

indicates that mice lacking Syk PTK fail to express B cells that develop beyond the pro-B 

cell stage, where mice that lack Src-family kinases express B cells which are capable of 

developing up to the immature stage of B cell development(44, 126, 127). This suggests that 
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Syk PTK is the major regulator of BCR induced activation, and that if receptors were held 

in an oligomeric form, activated Syk could proceed to activate multiple IT AM motifs very 

quickly. 

Schamel and Reth(30) indicate that prior to BCR translocation to lipid rafts, BCR may exist 

as oligomeric structures on the B cell surface. This was shown by B cell lines that co

expressed the mlgM-BCR with two different forms of CD79a, wild type and flag tagged 

CD79a (flagCD79a). Cross-linking the BCR with anti-flag mAb lead to the 

phosphorylation of both flagCD79a and wild type CD79a. As only one CD79 heterodimer 

associates with one mIg the activation and phosphorylation of WT -CD79a in response to 

anti-flag mAb suggests that the BCR may form oligomeric structures. This theory is not in 

line with the conventional cross-linking hypothesis which indicates that only two receptors 

are cross-linked in response to Ab leading to activation and signal transduction. Reth et 

al.,Cl28) have utilised gel assays to show that BCR complexes on the B cell surface are larger 

then that predicted for a monomeric receptor and instead are more likely to represent 

dimeric or larger oligomeric structures. 

The oligomeric receptor model relies on the fact that BCR of the same isotype are clustered 

at the cell membrane where the IT AM motifs of the CD79 heterodimer are constantly 

activated and inactivated by PTKs and PTPs. Binding of Ag to the receptor disturbs the 

oligomeric receptor structure moving PTPs from the local vicinity and allowing PTKs to 

phosphorylate the CD79 IT AM motifs, bind, and subsequently activate further surrounding 

PTKs leading to activation of the signalling pathwayC41, 42). The oligomeric receptor model 

also allows for signal spreading, in that other IT AM motifs within the oligomeric BCR 

although not bound by Ag could easily become activated by surrounding activated PTKs 

leading to an overall increase in PTK activation and triggering of the signalling cascade(42). 

1.6 Association of the CD79 heterodimer with malignancy 

The function of the CD79 heterodimer in BCR responses to Ag and B cell development has 

been discussed. The CD79 heterodimer has also been associated with specific disease 

states, most notably B cell chronic lymphocytic leukaemia (B-CLL). B-CLL is a disorder 

characterised by an increase of aberrant, monoclonal B lymphocytes in the spleen and 

peripheral blood, and is the most common leukaemia in the Western World(129). B-CLL 

cells show a low proliferative rate and prolonged life span suggesting their pnmary 
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alteration is a defect in apoptosis(130). B-CLL are characterised by the expression of the cell 

surface markers CD5, CD23, CD19 and low levels of sIgM/slgD and CD79b(131, 132). B

CLL has also been divided into two sub-groups depending on the mutation status of the Ig 

variable regions(133). Between 50 to 70% of B-CLL cells indicate that they have undergone 

variable gene hypermutation, a phenomenon characteristic of normal B cells that have 

undergone a T cell dependent GC reaction. B-CLL cells showing IgV hypermutation are 

associated with a benign clinical course compared to the more aggressive non-mutated B

CLL cases(l33). 

One group reported that various point mutations were observed in the B29 gene, mainly in 

areas encoding the conserved transmembrane and cytoplasmic domains(l34). These authors 

also reported that there was a direct correlation between decreased CD79b expression at the 

mRNA level and decreased expression of surface mIg in B-CLL cells. However, familial 

studies have indicated that such mutations are not hereditary where B-CLL is observed 

between generations(l35). Other groups have not reported the specific mutations of CD79b 

as detailed in early work indicating major discrepancies between different research 

groupS(l36, 137). 

From the lack of an obvious mutation within the B29 gene that could lead to the 

development of B-CLL some research groups have speculated that an alternative, truncated 

transcript of CD79b may have a functional role in B-CLL. Hashimoto, et aI., (138) showed 

that as well as full-length transcripts, alternative transcripts of CD79a and CD79b existed in 

human B cell lines and normal human B cells. The alternative transcripts of CD79a and 

CD79b both show deletions in the extracellular domain, in the case of CD79b the whole of 

exon three is spliced out leading to the formation of a truncated extracellular domain 

(hLlCD79b )(138) (see Figure 1.4). Koyama, et ai., (139) also showed the presence of hLlCD79b 

in normal B cells, with activated B cells expressing an increase in the relative expression of 

hLlCD79b. Deletion of exon 3 in LlCD79b prevents the formation of heterodimers with 

CD79a due to the loss of the vital cystiene residues, meaning that LlCD79b may exist as a 

monomer within B cells(l38). Interestingly hLlCD79b still contains a functional cytoplasmic 

IT AM motif and therefore could participate in intracellular signalling. It has also been 

shown that in B-CLL, increased ratios of hLlCD79b to CD79b have been observed linking a 

possible physiological role of the alternative transcript in the biology of these cells(140, 141). 
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Figure 1.6 Schematic representation of the alternative transcript of CD79b. The alternative 

splice site located in the genomic sequence suggests the presence of an alternative transcript of 

CD79b that would lack the whole of exon 3, leading to the formation of a truncated extracell ul ar 

(immunoglobulin-like) domain (a). Figures (b) and (c) show the schematic representation of CD79b 

and the alternative CD79b transcript if successfully expressed at the cell surface . 
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Therefore, it appears that one major candidate for aberrant function of B cells in B-CLL 

could result from the up-regulation in alternative splicing of CD79b to yield i'1CD79b. The 

primary function of i'1CD79b could be to interfere with BCR signalling cascades preventing 

apoptosis, or by preventing expression of the BCR at the cell membrane. Both are 

characteristics of B-CLL cells. 

1.6.1 Alternative splicing 

The human genome comprises around 40,000 genes, only twice that seen in the simple 

worm; Caenorhabditis elegans (19, 000 genes)(142). How then, does this relatively small 

increase in the number of genes explain the vastly increased sophistication of humans? The 

answer is the way genes are regulated, transcribed and the control of post-transcriptional 

processing(142, 143). The processs of alternative splicing between genes could lead to the 

generation of large numbers of proteins from a limited numer of genes. The process of 

alternative splicing could also lead to the accidental alteration of proteins that could still 

have a functional, but deleterious role within the cell. This process could account for the 

generation of an alternative transcript of CD79 in both human and murine B cells. 

In eukaryotic cells, DNA is transcribed to pre-mRNA and then to mRNA before export from 

the nucleus and translation into protein. Post-transcriptional processing at the pre-mRNA 

stage provides additional mRNA and protein diversity allowing the generation of multiple 

isoforms of a single gene(144). Of post-transcriptional processing events, splicing and 

polyadenylation are the major processes that allow the generation of diversity on genetic 

function. 

Most eukaryotic genes are comprised of long sequences of DNA known as 'introns' that 

separate short coding regions of DNA (exons). Mature mRNA consists of aligned exons 

which are spliced together, removing intervening introns(143, 145). This process known as 

splicing occurs within the splicesome, a multi-unit complex of proteins and RNA within the 

nucleus(146). The splicesome is also responsible for selection of splice sites and splicing of 

different splice sites in alternative splicing(l46, 147). The average exon contains 150 

nucleotides (nt) , compared to introns that can contain between 3,500nt and 500,000nt(146). 

Therefore, the splicing machinery must be able to recognise small exon sequences located 

within vast intronic RNA(146). Moreover, the sequences that encode for splice site regions 

which are spliced together are poorly conserved and introns contain large numbers of 

cryptic splice sites that match the loose 5' or 3' splice-site consensus(148). Cryptic splice 

sites are normally avoided by the splicing machinery, but, can be selected for splicing when 
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normal splice sites are altered by mutations(146), Once the correct exons are recognised by 

the splicesome, the flanking splice sites must be joined in the correct 5' to 3' order to 

prevent exons being missed out of the completed sequence(l49), 

Alternative splicing appears to be a tightly regulated process in a cell type or developmental 

stage specific manner(l50), Uncontrolled splicing can have disastrous effects, 15% of human 

genetic diseases are caused by mutations that destroy functional splice sites or generate new 

ones(l50, 151), Although splicing of eukaryotic genes is well understood, explaining why 

specific splice sites are selected for splicing has proven difficult. 
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1.7 Aims 

The aims of this project were to investigate the mechanisms of intracellular signalling 

generated by mAb binding to the BCR. It is of interest to understand why certain mAb 

raised against specific domains of the BCR can induce cell death, where as mAb raised 

against others cannot. We propose that mAb that can induce cell death affect the type of 

PTK activated and the kinetics ofPTK activation following BCR cross-linking. If this were 

proven then it would be advantageous to understand what happens to the BCR upon mAb 

binding. 

Another aspect of this thesis is to investigate if an alternative transcript of CD79b that lacks 

exon three (i'1CD79b) is present in murine B cells. Our hypothesis is that over-expression of 

i'1CD79b in murine B cells would inhibit B cell death. This inhibition of cell death would 

probably be caused by interference in PTK activation. Ultimately the long term aim from 

this research would be to generate a transgenic mouse that overexpresses either murine or 

huaman i'1CD79b. This would enable us to detail if i'1CD79b plays a significant role in both 

the development of B cells and the deVelopment of specific disease states. 
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Chapter 2 Material and Methods 

2.1 Cell culture materials 

All cell lines were cultured in RPMI (Roswell Park Memorial Institute) 1640 medium 

(Invitrogen, Gibco, UK), supplemented with 100 U/ml penicillin and streptomycin 

(Invitrogen, Gibco), 50 U/ml amphotericin B (Fungizone; Squibb and Sons, UK), 2 mM L

glutamine (Invitrogen), 1 mM pyruvate (Invitrogen) and 10% Foetal Calf Serum (FCS; 

Invitrogen, Gibco, UK). Murine cell lines were cultured in the above media with the 

addition of 50 mM 2- meceptoethanol (2-ME, Sigma, Poole, UK). 

2.2 Cell lines 

Human cell lines Ramos-EHRB, BL-60, Daudi, HEK-293T, murine B cell lines WEHI-231, 

A20, (ECACC) nBCL] (152) (ECACC), and the COS-7 cell line (ECACC) were maintained in 

culture medium as described above at 37°C in a 5% CO2 humidified incubator. Media was 

replaced every 2-3 days. As cell lines can differentiate over prolonged periods of culturing, 

cell lines used were replaced from stock every 3 weeks to prevent cells becoming 

insensitive to stimulation through the BCR. This is important, especially when investigating 

signalling pathways in cultured cell lines. 

2.3 Cell quantitation 

Cell concentrations were determined usmg Coulter Industrial D Cell counter (Coulter 

Electronics, Bedfordshire, UK) 

2.4 Antibodies 

The majority of mAb used in this study have been raised 'in-house', other Ab supplied are 

noted. Specificities of the anti-human mAb are as follows: anti-human irrevant isotype 

matched control specific for the plant toxin saporin (CPl/17), anti-Fcll (MI5/8, ZL 7/5, 

Mc244GI0), anti-Fdll (XG9, MA5, M2E6), anti-A light chain (Mc24IC6, MI5/2), anti

CD79a (ZL 7 /4), anti-CD79b extracellular domain (ATI 05/1), anti-CD79b cytoplasmic 

domain (ATI0712), anti-EHRB idiotype (ZL16/1), anti-Daudi idiotype (ZLI5/27) and sheep 

anti-human Il chain polyclonal Ab (Jackson Laboratories, USA). 

Specificities of the anti-mouse mAb were: irrelevant isotype matched control for the anti

mouse CD3 (KT3), anti-Il (Mc39/12), anti-K light chain (HB58), rabbit anti-mouse IgG 
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polyclonal Ab (Jackson Laboratories), and hamster anti-mouse CD79b labelled with 

Fluorescein Isothiocyanate (FITC) (HM79-11, Serotec, UK). 

Ab used for immunoblotting experiments included mouse anti-Csk-binding protein (Cbp) 

(or phosphoprotein assocaiated with glycosphingolipid-enriched microdomains (PAG)) 

(kind gift V Horejsi, Prague), anti-phosphotyrosine (4GIO) and mouse anti-Syk (4DIO.I) 

(Upstate, UK), goat anti-human IgM labelled with Horse Radish Peroxidase (HRP) 

(Southern Biotech, Cambridge Bioscience, UK), rabbit anti-phospho-threonine (P-Thr

Polyclonal, Cell Signaling Technology, UK) rabbit anti-rat Ig-HRP labelled, anti-rabbit Ig

HRP labelled (Sigma), anti-mouse Ig-HRP labelled (Arnersham Biosciences, UK), anti

hamster HRP labelled (Southern Biotech), anti-~-actin (Sigma), mouse anti-CD20 (7Dl , 

Serotec) anti-ACTIVE MAPK, anti-ACTIVE p38, and anti-ERK (Promega, Southampton, 

UK) and goat F(ab'h anti-mouse Ig-FITC labelled (Dako, UK). 

2.5 Preparation of eDNA 

cDNA was prepared from Ixl07 cells. Lymphocytes prepared from the spleens of naive 

Balb/c and CBA mice, or spleens from terminal mice bearing the BCL1 or A31 tumours 

(Balb/c and CBA respectively) were provided by Dr Jamie Honeychurch (University of 

Southampton, UK). Cells were pelleted by centrifugation at 200g for 5 minutes. mRNA 

was extracted by using the Quickprep-micro mRNA purification kit according to the 

manufacturers' instructions (Arnersham Biosciences). mRNA was converted to cDNA 

using the first-strand cDNA synthesis kit (Arnersham Biosciences), in a final volume of 15 

1-11. cDNA samples were stored at -20°C. 

2.6 peR 

DNA amplification was performed as follows. Briefly, 1l-1l of each primer (see table 2.1) 

(100 ng/ml) was added to I 1-11 of cDNA with 2.5 1-11 of optimised reaction buffer and 0.5 1-11 

of dNTP mix, in a total volume of 24.5 1-11. This mixture was then pulse spun and 0.5 1-11 of 

Taq polymerase (5 U/l-1l) (Promega) added, before a further pulse spin. 

PCR was performed using a PTC-IOO thermal control system (MJ Research Inc, UK). DNA 

was denatured at 95°C for 5 minutes, followed by 30 cycles of; denaturing at 95°C for 30 

seconds, annealing at the appropriate temperature for I minute, and elongation for 2 minutes 

at 72°C. A final elongation reaction of 10 minutes was performed to ensure formation of 

full-length transcripts. 
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PCR products were mixed with 2.5 j.ll gel loading buffer, and 25 j.ll of each sample loaded 

into agarose gels containing ethidium bromide and separated at 120 V, along with 1 kB 

marker (Gene-ruler, MBI-Fermentas, UK) to allow estimation of fragment size. DNA was 

visualised under UV light and a photographic record taken. 

Primer Sequence TM 

mCD79b Forward 5' GAC TCG AGC AGT GAC CAT GGC CAC ACT 61.9°C 

Primer Xho1 

mCD79b full-length 3' GTG CGG CCG CAG AGT TGA GC GGA TGA 61.9°C 

Reverse Primer Notl 

mCD79b Extracellular 5' ATC TTT CAG TGT GTT CCG CCG CTT CAG 61°C 

Reverse Primer 

YFP-mCD79b Forward 5' GGG AAT TCG GTA CCA GCA ATG ACA AGC 60.7°C 

Primer EcoR1 

YFP-mCD79b Reverse 3' GGG GAT CCT CAT TCC TGG CCT GGA TGC 60.7°C 

Primer BamHl 

Table 2.1 - PCR primers utilised for the detection and amplification of mCD79b and 

mi1CD79b from murine B cells. Primers are shown with underlined text corresponding to 

the restriction enzyme site. 

2.7. Cloning, DNA amplification and sequence analysis 

2.7.1 Cloning 

PCR was performed as described above but using Pfu polymerase to minimise the number 

of replication errors. PCR products were visualised on 2% agarose gels and the PCR 

product corresponding to the correct size was excised from the gel. DNA was extracted 

from the gel using Qiaex II gel extraction kit (Qiagen, UK) in a final volume of 20 j.ll. 4 ~tl 

of extracted DNA was incubated with 1 j.ll of salt solution and 1 j.ll of TOPO II blunt 

sequencing vector (Invitrogen), for 5 minutes at room temperature. One vial of TOPIO 

chemically competent cells (Invitrogen) was added and the sample incubated on ice for 30 

minutes. Cells were heat shocked at 42°C in a water bath for 45 seconds before being 

placed directly onto ice for a further 2 minutes, allowing the incorporation of plasmid ON A 

into cells. One ml of SOC medium (2% w/v tryptone, 0.5% w/v yeast extract, IOmM 

sodium chloride, 2.5 mM potassium chloride, 10 mM magnesium chloride, 10mM 
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magnesium sulphate, 20 mM glucose (Sigma)), was added and the mixture incubated for 

one hour at 37°C with agitation. 

Following one hour incubation at 37°C, expanded cultures were spun for 10 minutes at 

6000g and bacterial pellets re-suspended in 150 ~l SOC medium and spread on kanamycin 

(50 ~g/ml) treated agar plates. Agar plates were incubated for 16-18 hours at 37°e. 

Following incubation, eight colonies were selected and expanded for 6 to 8 hours in 5 ml of 

L-broth containing kanamycin (50 ~g/ml). Cultures were spun at 6000g for 10 minutes at 

4°C, and plasmid DNA extracted from bacterial pellets using the mini-prep DNA extraction 

kit (Qiagen), giving a final volume of 50 ~l plasmid DNA. 

2.7.2 Restriction digests 

Plasmid DNA was checked for the presence of the correct DNA insert using restriction 

enzymes. Briefly, 8 ~l of plasmid DNA was incubated at 37°C for 2 to 4 hours, or 

overnight, in the presence of 2 ~l of the appropriate reaction buffer, and 1 ~l of the 

appropriate restriction enzymes (see table 2.1) (Promega). Following incubation, DNA was 

visualised using 2% agarose gels. Samples that contained the correct sized DNA insert were 

used for DNA sequencing reactions 

2.7.3 Sequencing 

4 ~l of plasmid DNA was used for each sequencing reaction with the addition of 2 ~1 of 

BigDye (Applied Biosciences, UK), 2 ~l of 10x reaction buffer, and 2 ~l of T7 or SP6 

primer (1 pM/ml). PCR reactions were performed for 3 hours using the standard BigDye 

protocol consisting of 25 cycles of; denaturing at 96°C for 10 seconds, mmealing at 500 e for 

5 seconds and elongation at 60°C for 4 minutes, samples were then cooled to 4°C. 

DNA from each PCR reaction was then precipitated as follows. To 10 ~l ofPCR reaction, 1 

~l of 3M sodium acetate and 25 ~l of 100% ethanol was added in a 1.5 ml microfuge tube 

(Eppendorf, UK). Samples were incubated on ice for 10 minutes; DNA was pelleted by 

centrifugation at 16,000g for 30 minutes at 4°C, then washed in 250 ~l of 70% ethanol, and 

re-pelleted for 10 minutes. Ethanol was removed and the DNA pellet was re-suspended in 2 

~l ofloading buffer (1:4 of dextran: formaldehyde). DNA sequence samples were run by the 

HIT group, (University of Southampton), and analysed using Chromas software. 
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2.7.4 Cloning of expression vectors 

Briefly, following sequencing plasmid DNA from the mini prep was digested for 2 hours 

with the appropriate restriction enzyme as mentioned in section 2.7.2. The expression 

vector was also linearised using the appropriate restriction enzymes; 2 III of vector was 

digested for 2 hours at 37°C, in a final volume of 20 Ill. All restriction products were 

separated on agarose gels and DNA of the correct size extracted as detailed in section 2.7.l. 

In a transformation tube, 12 III of digested DNA was ligated with 12 III of linearised 

expression vector for 16 to 18 hours in the presence of T 4 ligase buffer and T 4 ligase 

(Promega). Ligated DNA was transformed into JMI09 chemically competent cells 

(Promega) as detailed in 2.7.1 and spread onto ampicillin (100 Ilglm1) treated agar plates. 

Colonies were expanded, plasmid DNA extracted and the presence of inserts identified 

using restriction digests. 

2.7.5 Maxipreps 

Colonies containing the correct sized insert were picked and expanded in 5 m1 of ampicillin 

treated L-Broth (100 Ilg/m1) for 6 to 8 hours at 37°C with agitation. Starter cultures were 

expanded by the addition of 150 m1 of ampicillin treated L-Broth and incubated for a further 

16 to 18 hours. Cultures were spun down at 6000g for 15 minutes at 4°C, plasmid DNA 

was extracted from bacterial pellets using maxi-prep Hi speed DNA extraction kit (Qiagen) 

in a final volume of 500 Ill. Plasmid DNA concentration was quantified using the 

GeneQuant analysis system (Arnersham Biosciences). 

2.8 Transfection of cell lines 

2.8.1 DEAE transfection of COS-7 cells. 

24 hours prior to transfection, Ix 1 07 COS-7 cells were seeded into plastic flasks and 

incubated overnight. For each transfection 10 Ilg of DNA was used in the presence of 40 ~Ll 

Diethy1aminoethy1-dextran (DEAE-dextran; 400 Ilglm1 final), 100 IlM Ch10roquin (Sigma) 

and 10 m1 of RPM I 1640 medium without the addition of supplements. 

For each transfection, supernatant was removed from COS-7 cells and the DNA mIX 

(detailed above) added, for a maximum of 4 hours at 37°C in a 5% CO2 humidified 

incubator. The reaction mix was then removed, and cells washed once with sterile 

phosphate buffered saline (PBS), before being shocked with 10 ml of 10% Dimethyl 

sulfoxide (DMSO) in PBS for a maximum of 3 minutes at room temperature. The DMSO 
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solution was removed and cells washed twice with sterile PBS, before the addition of 

complete medium, and then incubated at 37°C as described above. After 24 to 48 hours 

incubation, COS-7 cells were harvested by washing twice with PBS followed by incubating 

with 10 mM ethylenediametetraacetic acid (EDT A) in PBS for 10 minutes at 37°C. 

2.8.2 Electroporation 

For electroporation, lxl07 cells were washed twice in RPMI medium without supplements, 

re-suspended in a final volume of 800 fll, and transferred to a 4 mm electroporation cuvette 

(Flowgen, UK) with the addition of 25 flg of the appropriate plasmid DNA. Samples were 

cooled on ice for 10 minutes before being electroporated using a gene pulse II electroporator 

(Bio-Rad, UK), at 0.3 m V, 960 microfarads (flF) for approximately 20 ms. Immediately 

after transfection, the cuvette was gently disturbed and placed onto ice for 10 minutes. 

Following this, cells were incubated for 10 minutes at room temperature in 10 ml of cold 

RPMI medium containing supplements and 10% FCS. Electoporated samples were made 

up to a final volume of 30 ml with complete RPMI medium at room temperature and 

incubated for 72 hours at 37°C in a 5% CO2 humidified incubator. 

Following 72 hours incubation, cells containing the inserted DNA vector were selected 

using the appropriate selection medium. Cells were plated out across 96-well flat-bottomed 

plates (Nunc, UK) (100 fll/per well) and 200 fll of the appropriate selection medium added. 

Plates were returned to the 37°C humidified incubators and checked on a regular basis. 

Positive clones were selected, expanded and tested to ensure that cells expressed the gene of 

choice. 

2.8.3 Lipionic transfection 

24 hours prior to transfection, 2xl05 cells per well were transferred to a six well tissue 

culture dish in RPMI medium without antibiotics. On the day of transfection 2 to 6 flg of 

DNA was diluted in 500 fll of serum-free medium. 10 to 30 fll of GenePORTER (Gene 

Therapy Systems, Cambridge Bioscience, UK) was diluted in 500 fll of serum-free medium, 

added to the diluted DNA and incubated for 30 minutes at room temperature. Following 

incubation, culture medium was removed from the cells and the DNA-GenePORTER 

mixture was carefully added, and the mixture incubated for 3 to 5 hours at 37°C. The DNA

GenePORTER mix was then removed from the cells and 2 ml of RPMI containing 10% 

FCS was added per well and the plates incubated for 24 to 48 hours at 37°C in a 5% CO2 

humidified incubator prior to analysis. 
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2.9 siRNA 

Briefly, siRNA was set up according to manufacturer's protocol to utilise the pSILENCER 

siRNA vector system (Ambion, USA). Hairpin siRNA template oligonucleotides designed 

to span the splice site between exons two and four located on m~CD79b were dissolved in 

100 III distilled water, and adjusted to a final concentration of 1 Ilg/Ill in TE buffer (10 mM 

Tris, 1 mM EDT A. Diluted siRNA oligonucleotides were then annealed and ligated into the 

pSILENCER 2.0-U6 plasmid as detailed in the manufacturer's protocol. Plasmids were 

transformed into TOP 1 0 E. coli, and colonies tested by sequence analysis to determine 

whether the m~CD79b siRNA oligonucleotide was inserted in the vector. Correct vectors 

were expanded and isolated by Maxiprep techniques (see section 2.7.5). 

2.10 SDS PAGE analysis 

2.10.1 Sample preparation 

2.10.1.1 Whole celllysates 

For preparation of whole celllysates, 4x106 cells were spun at 200g for 5 minutes at 4°C, 

and cell pellets lysed in 100 )11 NP-40 lysis buffer (150 mM NaCl, 10 mM Tris, 2.5 mM 

EDTA), bovine serum albumin (BSA; 1 mg/ml) 1% Nonident P-40 (NP-40; v/v), 1 mM 

Phenylmethylsulphonylflouride (PMSF), 2.5 mM iodoacetamide and 1% (v/v) aprotonin 

(Sigma). Cells were incubated on ice for 30 minutes, and nuclear material removed by 

centrifugation at 16,000g for 15 minutes at 4°C. Supernatants were removed and mixed 

with an equal volume of 2x sodium dodecyl sulphate (SDS) sample buffer (62.5 mM Tris

HCl (pH 6.8), 2% w/v SDS, 10% glycerol, 50 mM dithiothreitol (DTT) and 0.05% 

bromophenol blue (Sigma». Samples were then heated to 95 to 100°C for 5 minutes and 

placed at room temperature before loading. 10)11 of sample (equivalent to 2x 1 05 cells) was 

loaded per lane. 

2.10.1.2 Lipid raft preparation 

To allow the detection of specific proteins m lipid raft membranes, cell lysates were 

separated through sucrose density gradients. lx108 cells were washed and re-suspended in 

500 Ill/ml of complete medium, cells were then pre-warmed for 5 minutes at 37°C. The 

relevant Ab was re-suspended to give a final concentration of 0.5 Ilgll 06 cells in 500 III 

medium. Antibody was also pre-warmed 5 minutes at 37°C. After 5 minutes the pre

warmed Ab was added to the cells and incubated for the appropriate time at 37°C. Cells 

were washed once in compete medium then immediately lysed in 750 III of cold lysis buffer 
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(5 ml ofMES buffer (250 mM MES, 1.5 M sodium chloride, titrated to pH 6.5 with sodium 

hydroxide), 1% Triton X-100, 5.75 mM PMSF, 0.06% aprotonin (w/v) and, 0.025 mM 

EDTA (Sigma)) for 40 minutes on ice. The lysed cell solution was mixed with an equal 

volume of 80% sucrose (w/v in MES buffer) and transferred into a 5 ml ultracentrifuge tube 

(Sorvall, UK) and layered with 750 III of 30% sucrose, 500 III of 20% sucrose, 500 ~d of 

10% sucrose and then the tube filled with 5% sucrose (all w/v in MES buffer). Layered 

samples were then centrifuged at 45,000g for 16 to 18 hours at 4°e. 

Post-centrifugation, sequential 500 III aliquots were removed from the tube, the first 

removed being denoted as fraction one, and either analysed immediately or stored at _20De. 

Samples were mixed with an equal volume of 2x SDS-loading buffer (see section 2.10.1.1) 

and separated using SDS-PAGE (see below) 

2.10.1.3 Pellet/lysate analysis 

A modified method for observing movement of proteins from lipid soluble fractions into 

lipid insoluble fractions was recently reported by Deans et al.,(153). Following treatment of 

4x106 cells with the relevant mAb, samples were washed once in PBS before being lysed in 

1% TX-100 lysis buffer (section 2.10.1.1) for 15 minutes on ice. Insoluble material was 

pelleted by centrifugation at 16,000g for 15 minutes at 4°e. Supernatant was removed and 

termed the lysate or lipid soluble fraction, and diluted with the addition of 25 III of SDS 

loading buffer. The pelleted insoluble material (pellet or lipid insoluble fraction) was 

carefully washed four times in ice cold lysis buffer, and denatured in 60 III SDS loading 

buffer, in order to give an approximately equal number of cell equivalents to the lysate 

fraction. Samples were resolved on SDS-PAGE gels and immunoblotted for presence of 

specific proteins as detailed below. 

2.10.1.4 Protein tyrosine phosphorylation experiments. 

4x106 cells were resuspended in 1 ml of complete medium and incubated in a 1.5 1111 

microfuge tube (Ependorf) for 15 minutes at 37°C in a water bath. Following pre

incubation the relevant Ab was added and the cells incubated for the appropriate time at 

37°e. Cells were then spun at 16,000g for five seconds, supernatant removed and 1 ml of 

cold PBS added. Cells were spun down at 500g for 10 minutes at 4°C, supernatant removed 

and cell pellets lysed in cold NP-40 lysis buffer, as detailed in section 2.9.1.1 with the 

addition of 1 mM sodium orthovanadate (Sigma), or the appropriate concentration of 

activated sodium orthovanadate (pervanadate). Sodium orthovanadate was activated 
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following the method of Gordon, J (154). Samples were run on SDS-P AGE gels and blotted 

as detailed below. 

2.10.1.5 Immunoprecipitation 

2.10.1.5.1 Phosphorylated PTK 

Cells were prepared as detailed above in section 2.9.1.1. Following lysis of cell pellets in 

TX-I00 lysis buffer, supernatant was removed and incubated overnight at 4°C with 2 ).1g of 

anti-tyrosine mAb (4GI0) with constant agitation. Protein G-Sephrose beads (15 ).11 of 

packed suspension) were added to the sample, which was then incubated for a further 2 

hours at 4°C. The beads were then washed four times with cold lysis buffer and the sample 

boiled in sample buffer (15 ).11). The precipitated protein was separated by SDS-PAGE and 

blotted as detailed below. Protein A or protein G beads were used depending on the 

specificity of mAb used for immunoprecipiton experiments. For phosphorylated PTK, the 

mAb 4GI0, is raised in mouse and can only be immunoprecipitated with Protein G coated 

sepharose beads. 

2.10.1.5.2 Isolation of BCR complexes from detergent lysates 

To determine whether the mAb used to bind specific BCR components could also 

immunoprecipitate whole BCR complexes in detergent lysates, 4x 1 06 EHRB cells were 

lysed in 1 % digitonin lysis buffer for 30 minutes on ice. Insoluble material was pelleted by 

centrifugation at 16,000g for 15 minutes at 4°C. Supernatants were removed and 2 ).1g oftbe 

relevant mAb added and incubated overnight at 4°C with agitation. Protein A-Sepbrose 

beads (20).11 of packed suspension) were added to the sample, which was then incubated for 

a further 2 hours at 4°C. The beads were washed four times with ice cold lysis buffer, 

boiled in SDS sample buffer (20 ).11) and immunoprecipitated protein resolved by SDS

PAGE. BCR complexes were probed for the presence of mIgM and CD79b as detailed 

below. 

2.10.1.5.3 Surface bound BCR complexes 

To determine whether mAb bound to cell membrane could immunoprecipitate surface BCR 

complexes, 4xl06 cells were treated with the relevant mAb (10 ).1g/ml) for 30 minutes on 

ice. Samples were then washed twice in PBS and either lysed or heated to 37°C in a water 

bath for the relevant time. Samples were lysed for 30 minutes with 1 % digitonin lysis 

buffer on ice, and insoluble material removed as detailed above. Supernatant was incubated 

overnight with protein A-Sephrose beads (20 ).11) at 4°C with agitation. The following day 
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beads were washed four times in ice cold lysis buffer, boiled in SDS loading buffer, 

separated by SDS-PAGE and BCR complexes blotted for as detailed below. 

2.10.21125 radiolabeling surface proteins 

Another method for measuring the surface proteins of cells bound by mAb is to radiolabel 

surface proteins. For this, we followed the method of Spencer and Nicoloff (154). Briefly, 107 

cells were washed into PBS and mixed with 200 11M lactoperoxidase, 0.5 mCi Na[125IJ and 

0.03% H20 2 on ice. After gentle mixing for 5 minutes, 20 11M lactoperoxidase and 0.03% 

H20 2 were added followed by three additions of 0.03% H20 2 on ice. Samples were then 

washed four times in ice cold PBS containing lactoperoxidase. Follwowing this cells were 

incubated with mAb either before or after lysing cells in buffer containing TX-100 detergent 

asdetailedin sections 2.10.1.5.2 and 2.10.1.5.3. Samples were then resolved by SDS-PAGE 

(section 2.10.3) 

2.10.3 SDS PAGE gel analysis 

SDS-P AGE was performed using a mini-gel system (Hoeffer SE-250, Hoeffer, UK). In all 

cases both the resolving and stacking gels were prepared using 30% (w/v) acrylamide: 0.8% 

(w/v) bisacrylamide stock solution (National Diagnostics; Atlanta, USA) containing 0.1 % 

(w/v) SDS. Resolving gels at 10, 12.5 or 15% acrylamide were made using a 1.5 M Tris 

Base pH 8.7 stock solution. The 3% acrylamide stacking gel was made using a 0.5 M Tris 

base pH6.8 stock solution. The polymerisation reaction was catalysed with N N N' N'

tetramethylethylene (TEMED, Sigma) at final concentrations of 0.05% and 0.1 % for the 

resolving and stacking gels respectively. The reaction was initiated with a fresh 10% (w/v 

in distilled water) solution of ammonium persulfate (APS), added at a final concentration of 

0.4% in resolving gels and 1.0% in stacking gels. 

Gels were run at a constant current of 20 rnA or constant voltage of 100 V per gel, unti 1 

samples had entered the resolving gel. This was increased to 40 rnA or 200 V until markers 

(Rainbow markers; Amersham Biosciences) had reached the required position. Gel running 

apparatus was water cooled throughout. 

2.11 Blue Native PAGE 

2.11.1 Blue Native PAGE gel preparation 

The method for preparation of blue native PAGE (BN-PAGE) gels follows that originally 

described by Schagger, et aI., (ISS), modified by Schamel and Reth(30) for use on small SDS-
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PAGE gel systems (1 mm thickness). First, all equipment and glassware was cleaned with 

distilled water to remove any trace of SDS. 16% and 5.5% resolving acrylamide mixtures 

were then prepared using 49.5% (w/v) acylamide: 3% (w/v) bisacrylamide stock solution 

(Bio-Rad). All gels contained 3x buffer (200 mM e-amino caproic acid, 150 mM bis-tris pH 

7.0; Sigma), and distilled water. The 16% resolving gel also contained glycerol (26%). The 

16% mix was added into the first chamber of a gradient-pouring device, and the 5.5% mix 

into the second chamber together with a magnetic stirrer. 10% APS and TEMED were 

added to catalyse the reaction, and the connection between the chan1bers opened, allowing 

generation of a gradient resolving gel. After polymerisation, the stacking gel was poured 

(using same mixture as for the 5.5% resolving gel). 

2.11.2 Sample preparation 

4x106 cells, either treated or not, were lysed in lysis buffer containing either 1 % (w/v) 

digitonin or increasing concentrations of thesit (v/v) detergent dissolved in lysis buffer 

containing 500 mM e-amino caproic acid, 20 mM tris HCI pH7.4, 2 mM EDTA and 10% 

(v/v) glycerol (Sigma). Samples were lysed for 30 minutes on ice, and insoluble material 

removed by centrifugation at 16,000g for 30 minutes at 4°C. Lysates were then directly run 

on BN-PAGE gels, or incubated overnight with protein A-Sephrose beads at 4°C with 

agitation. The following day immunoprecipitated protein was washed four times in ice-cold 

lysis buffer and protein eluted from beads using titrated 0.1 M tris-glycine buffer. 

2.11.3 Running samples on BN-PAGE gels 

After pouring the BN-PAGE gels, the following steps were performed at 4°C. Samples and 

markers were applied to relevant lanes and carefully overlaid with blue cathode buffer (50 

mM tricine, 15 mM bis-tris, 0.02% Coomassie blue G 250, pH7.0 at 4°C; Sigma). The 

remainder of the inner chamber was filled with blue cathode buffer, and the outer chamber 

was with anode buffer (50 mM Bistris pH7.0 at 4°C; Sigma). Gels were run at a constant 

current of 20 rnA or constant voltage of 100 V per gel, until samples had entered the 

resolving gel. This was increased to 40 rnA or 200 V until the running front reached the 

middle of the separating gel. The blue cathode buffer was then exchanged for colourless 

electrode buffer (as for blue cathode buffer without Coomassie blue G250). Gels were then 

removed and protein detected by staining with Coomasie stain. For immunoblotting, gels 

were prepared as noted below, with the addition of 0.01 % SDS to the transfer buffer. 
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2.12 Western blotting 

For western blot analysis, polyvinylidene diflouride (PVDF) membranes (Sigma) were pre

activated by immersing in 100% methanol for 15 seconds, followed by immersing in 

distilled water for 2 minutes, and incubated in transfer buffer. Proteins were transferred to 

membranes in transfer buffer (20% (v/v) methanol, 25 mM tris, 192 mM glycine) for one 

hour at 400 rnA (constant current) using a semi-dry transfer system (TE 22 system; 

Hoeffer). The tank was water cooled throughout transfer. Following transfer, gels were 

routinely Coomassie stained to determine relative levels of loaded protein. Transfer was 

deemed to have been successful when Rainbow markers could be seen on the PVDF 

membrane. 

The PVDF membranes were blocked overnight at 4°C, to prevent non-specific binding using 

5% low-fat milk powder or 5% BSA (Sigma), in tris buffered saline with 0.1 % Tween-20 

(TBS/T) (Sigma) with constant rotation using a roller mixer (Spiramix; Jencons, UK). 

Following blocking, the membrane was rinsed twice in TBS/T, followed by one 15 minute 

and two 5 minute washes. The primary antibody was diluted to the desired concentration in 

TBS/T and incubated with the membrane for 1 hour at room temperature with constant 

rotation. Following primary antibody incubation the membrane was extensively washed as 

described above before incubating with the relevant secondary antibody conjugated to horse 

radish peroxidase (HRP) (Amersham Biosciences), at the desired concentration in TBS/T, 

for 1 hour at room temperature with rotation. 

The membrane was washed in TBS/T once for 15 minutes incubation and four times for 5 

minutes before the addition of Supersignal Chemiluminescent reagent (Pierce, UK); 

Supersignal reagent was added to the membrane surface on a flat surface for 5 minutes. 

Excess reagent was then removed and the membrane was placed in an appropriate fi 1m 

cassette (Kodak, UK), and protein bands visualised by exposing light sensitive film paper 

(Hyperfilm; Amersham Biosciences) for the desired length of time under safe light 

conditions. Films exposed to the treated membrane were developed and fixed under safe

light conditions before analysis. 

2.13 Calcium signalling 

lxl07 cells were washed twice in serum free RPMI and loaded with 20llM INDO-I-AM 

(Sigma; made up in 0.2% plurionic-FI27) by incubating at 37°C for 30 minutes, then 
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washed twice in serum free RPMI and re-suspended in 5 ml RPMI containing 10% FCS. 

Cells were rested for 30 minutes in the dark at room temperature. For analysis of calcium 

flux generation, the cells were analysed by flow cytometry using a F ACS Vantage. After 

establishing the basal level of calcium, cells were stimulated with various mAb and assessed 

for a change in the fluorescent ratio. 

2.14 Fluorescent microscopy 

Cells were suspended at a final concentration of 5xl05 cells/ml, in complete medium 

following the appropriate treatment. PLL coated slides (BDH, Poole, UK) were used for all 

preparations. The cytospin cassette was assembled with holder and filter in place and 1 00 ~d 

of cell suspension was slowly loaded into the holder the slides spun for 5 minutes at 100 g 

with acceleration set at low. Slides were washed twice in PBS and fixed with 3.7% freshly 

prepared paraforrnaldehyde for 10 minutes at room temperature. Slides were washed once 

more in PBS before staining with propidium iodide (PI, 1 0 ~g/ml in PBS), for five minutes 

in the dark. Excess PI was removed and slides were washed once more in PBS. A few 

drops of mowiol mountant were placed on the fixed cells, and a cover slip gently lowered on 

top, and slides left to set at 4°C in the dark prior to analysis. 

2.15 Apoptosis experiments 

2.15.1 Annexin V FITC; PI assay 

As cells apoptose, they translocate phosphatidylserine (PS) from the inner to the outer layer 

of the plasma membrane. Annexin V is a phospholipid binding protein with affinity for PS. 

Therefore, binding of Annexin V to the external surfaces of a cell is indicative of apoptosis. 

Following incubation with the appropriate mAb, lxI05 cells were washed in PBS and re

suspended in 110 ~l of binding buffer (10 mM HEPES, pH 7.4, 140 mM NaCl, 2.5 mM 

calcium chloride), containing 1 ~g/ml FITC-annexin V (Pharrningen, UK), and 

subsequently assessed by flow cytometry using a F ACScan. 

2.15.2 DioC6 analysis 

DioC6 was used to measure cells that were in a later stage of apoptosis, compared with 

those detected by annexin V staining. DioC6 is incorporated into mitochondria, and 

released as mitochondrial membranes lose their electrostatic potential during apoptosis. 

Following incubation with the appropriate mAb, Ix 1 06 cells were removed and 25 ~l of 

DioC6 solution added (20 nM final concentration). Cells were incubated at 37°C for 30 
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minutes before being spun down and re-suspended in 200 fll of PBS containing PI. Samples 

were analysed using a F ACScan as detailed above. 

2.15.4 Analysis of DNA fragmentation and growth arrest. 

Samples were analysed essentially as described by Nicoletti, et ai., (156). Briefly, 5x 1 05 cells 

were centrifuged for 5 minutes at 500g. Cells were washed once in PBS, re-suspended in 

hypotonic fluorochrome solution (50flg/ml PI, 0.1 % sodium citrate, 0.1 % (v/v) Triton X-

100) and stored in the dark at 4°C overnight. Samples were then analysed using a FACScan 

flow cytometer and PI fluorescence detected on FL2 channel. 

2.16 Modulation of surface BCR 

Cells were plated at 1.5xl05 cells/well in a 96 well, flat-bottomed plate and left for 1 to 2 

hours at 37°C in a humidified incubator. At relevant time points Ab at the required 

concentration was added to the wells and the cells re-incubated at 37°C for the required 

time. For short 1 to15 minute time points cells were incubated in a water bath. Prior to 

flow cytometric analysis, samples were washed twice in PBS containing 1 % BSA (w/v) and 

0.1 % azide (PBSIBSAIazide). Cells were then incubated with the relevant FITC conjugated 

secondary Ab for 20 minutes in 100 fll of PBS/BSA/azide. Cells were then washed once 

more in PBSIBSAIazide and analysed. 
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Chapter 3 

The effect of anti-BCR antibodies on receptor induced apoptosis and intracellular 

signalling in B cell lines. 

3.1 Introduction 

In-vitro studies have shown that cross-linking the BCR on the surface of B cells can induce 

growth arrest and apoptosis in certain celllines(157). The maturation state of the cell line is 

of importance, with immature B cells that express high levels of mlgM on the cell surface 

being susceptible to anti-BCR induced cell death(2). This observation led workers to assess 

whether mAb directed to the BCR could induce inhibitory signals within B lymphoma 

cells(l58, 159). Vuist, et a1.Y60) showed that in Non-Hodgkins lymphoma, mAb directed at the 

idiotype (Id) of mlgM can be used as an effective immunotherapeutic target. More 

importantly, this work demonstrated that anti-Id mAb caused an increase in protein tyrosine 

phosphorylation only in tumour cells taken from patients that had responded with a partial 

or complete remission. These data, along with results from in vitro cell lines, have indicated 

that mAb directed at the BCR may induce immunotherapy by transmitting inhibitory 

intracellular signals to the tumour cells, rather than through more conventional effector 

mechanisms, such as complement or antibody directed cellular cytotoxicity (ADCC)(161, 162). 

The in vitro Burkitt's lymphoma cell line Ramos is thought to have been derived from GC 

type B cells(l58). The Ramos cell line is sensitive to growth inhibition and apoptosis when 

stimulated with mAb directed at mlgM and, therefore, is a good model for analysing 

inhibitory signalling effects(158). EHRB is a cell line derivative of Ramos which is 

particularly sensitive to these signals(141, 158). Previous work in our laboratory has shown 

that mAb directed at the Fab domain (Fd)l, Ig-light chain, and Id itself) and the CD79 

heterodimer have little effect on growth inhibition in these cells(l59). In this section the aim 

is to try to understand why mAb directed at the FC)l domain of mlgM (Figure 3.1), are 

efficient at inducing growth inhibition, why mAb directed at other regions of the same 

receptor are not, whether this growth inhibition is predominantly due to the induction of 

apoptosis, and how this understanding might be applied to immunotherapy. 
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Figure 3.1 Domains of the BCR. Schematic representation of the mIgM BCR 
showing domains where different mAb bind. 
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3.2 Results 

3.2.1 Measurement of BCR induced apoptosis. 

Previous work in our laboratory has shown that the anti-Fcll mAb, but not other anti-BCR 

mAb, can induce potent growth inhibition of EHRB cells (Figure 3.2)(158). Therefore, in our 

initial experiments it was decided to confirm these observations and assess whether growth 

inhibition was due to apoptosis. Initially, EHRB cells were stimulated with either an 

irrelevant non-binding control mAb (CPIIl7) or a polyclonal Ab raised against human 

mIgM (10 Ilg/ml) for 24 hours at 37°C, and levels of BCR induced apoptosis assessed using 

a variety of techniques as detailed in section 2.15. 

3.2.1.1 Use of AnnexinV and PI to detect early apoptosis. 

An early measure of apoptosis is the increased availability of phosphatidyl serine (PS) at the 

cell surface. PS is normally confined to the inner leaflet of the plasma membrane, however, 

as cells undergo apoptosis the PS flips to the outer side of the plasma membrane. PS at the 

cell surface can be detected using FITC labelled annex in V, which binds specifically to PS 

in the presence of calcium. Figure 3.3a, clearly shows that EHRB cells stimulated with the 

anti-Il polyclonal Ab give increased binding of annexin V compared with cells treated with 

the control mAb, confirming an increased level of PS at the cell surface. 

A later stage of cell death is when the plasma and nuclear membranes of the cell become 

compromised, a process known as secondary necrosis. To measure this, the DNA 

fluorochrome PI can be used. Although PI is unable to enter healthy cells, in cells 

undergoing secondary necrosis PI enters and binds to DNA, causing it to fluoresce. 

Therefore, to discriminate between early and late stages of apoptosis, PI was added to 

samples along with annexin V. A typical example of this analysis is shown in Figure 3.3b. 

As expected, the anti-Il treatment resulted in a larger proportion of PI positive cells 

compared to the control samples, showing that secondary necrosis was induced following 

treatment with the anti-Il polyclonal Ab. However, it should be noted that the number of PI 

positive cells is lower than the number of am1exin V positive cells, indicating that annexin V 

is also capable of detecting cells at the early stages of apoptosis. 
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Figure 3.2 Growth inhibition of EHRB cells stimulated with various mAb 
directed at different domains of the mIgM. EHRB cells were treated with 
various concentrations of anti-BCR mAb. Control (CPIIl7), anti-Fcfl (MI5/8), 
anti-Fdfl (XG9 and M2E6), anti-A (Mc24IC6) and anti-Id (ZLI6-II). Growth 
inhibition was determined by reduction in ability of cells to divide using [3H] 
thymidine. Figure courtesy of Dr Mark Cragg. 
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Figure 3.3 Measurement of BCR induced apoptosis using Annexin V and PI. 
Ixl05 EHRB cells were treated with either control (CPI / 17) mAb or anti-~l polyclonal 
Ab (10 ~lg/m l) for 24 hours at 370 C in a humidified incubator. Levels of cellular 
apoptosis were measured using FITC labe lled Annexin V by flow cytometry (a) (note 
the axis between the two plots is different). To assess leve ls of secondary necrosis, cells 
were stained with FITC labelled Annexin V and PI and assessed by flow cytometry (b). 
Representation of at least three independent experiments. 
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3.2.1.2 DioC6 analysis. 

Another stage of apoptosis involves the loss of the mitochondrial membrane potential. To 

assess mitochondrial membrane potential the reporter dye DioC6 dye can be used. When 

incubated with cells this fluorescent dye becomes incorporated into healthy mitochondria. 

However, the fluorescence is lost when the mitochondrial membrane potential is reduced 

during apoptosis, as shown in Figure 3.4. Cells treated with the anti-fl polyclonal Ab 

induced apoptosis as measured by a loss of DioC6, shown as gated population, compared to 

cells treated with the control mAb. 

3.2.1.3 Measurement of cell cycle arrest and DNA fragmentation. 

At later stages of apoptosis, the nucleus becomes dismantled and DNA fragmentation 

occurs. To assess DNA fragmentation we used a hypotonic PI buffer to lyse the cells and 

measure DNA content. This technique has the advantage of also revealing cell cycle 

distribution of the cell population, providing information of any cell cycle arrest. Following 

24 hours stimulation with the anti-fl polyclonal Ab, growth inhibition in EHRB cells can 

clearly be observed as an increased number of cells in the G1 stage of the cell cycle, with 

fewer cells present in the Sand G2/M stages (Figure 3.5a), with 11 % DNA fragmentation 

compared with 1 % in the control. At 48 and 72 hours (Figures 3.5b and 3.5c, respectively), 

the level of DNA fragmentation clearly increase to 27% and 37% respectively. 

Together these data convincingly show that Ab specific for mIgM can induce apoptosis in 

the EHRB cell line. 

3.2.2 The effect of mAb concentration on BCR induced apoptosis in EHRB cells. 

Following the confirmation that a polyclonal anti-fl Ab clearly induced apoptosis. we 

decided to determine whether mAb raised against specific domains of mIgM could also 

induce apoptosis. First, to assess how sensitive the EHRB cell line is to BCR induced 

apoptosis, cells were treated with increasing concentrations of control (CP1/17) and anti

FCfl (M15/8) mAb. As the concentration of the anti-Fcfl mAb increased, so the levels of 

BCR induced apoptosis increased, as shown by annexin V/PI and DioC6 staining (Figure 

3.6). The results showed that the optimal concentration of anti-Fcfl mAb to induce 

apoptosis was 10 flg/ml. 
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Figure 3.4 Measurement of BCR induced apoptosis using DioC6. I x 105 

EHRB cells were treated with either control (CPII17) mAb or anti-fl polyclonal Ab ( 10 
flg/ml) for 24 hours at 37°C in a humidified incubator. Levels of cellular apoptosis 
were measured using DioC6. Representation of at least three independent experiments. 

(note the axis between the two plots is different). 
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Figure 3.5 Measurement of BCR induced growth arrest and DNA 
fragmentation. 5x 105 EHRB cells were treated with either control (CP 1/ 17) mAb or 
anti-).1 polyclonal Ab (10 ).1g1ml) for 24 (a), 48 (b) or 72 (c) hours at 37oC. Following 
incubation , cells were washed twice in PBS followed by addition of hypotonic PI 
overnight at 4oC. The level of cells in specific stages of the cell cycle was assessed by 
flow cytometry, together with levels of DNA fragmentation , and shows arrest in cell 
cycle at the G I stage after anti-).1 Ab treatment, with decreased numbers of cells 
progressing to the Sand G/ M stages of the cell cycle. Representation of at least three 
independent experiments. (note the axis between the plots is different, depending 
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Figure 3.6 Effect of increasing concentrations of anti-Fcll- mAb on EHRB 
BCR induced apoptosis. 2x 105 EHRB cells were treated with either control 
(CP 11 17) or anti-Fcll (M 15/8) mAb at various concentrations for 24 hours at 37°C in a 
humidified incubator. Leve ls of ce ll ular apoptosis were ana lysed by flow cytometry 
using either AnnexinV PI (a) or DioC6 (b) staining. Mean values ± SD of three 
independent experiments. 
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3.2.3 The kinetics of BCR induced apoptosis in EHRB cells. 

In addition to assessing the effect of the anti-Fcfl mAb concentration on BCR induced 

apoptosis it was necessary to look at the kinetics of the process. EHRB cells were treated 

with either: control (CPI117), anti-Fcfl (M15/8) mAb or polyclonal anti-fl Ab for 6, 24. 48 

or 72 hours at 37°C in a humidified incubator. Following stimulation, levels of apoptosis 

were assessed using annexin V/PI. Figure 3.7 shows that the level of BCR induced 

apoptosis increased with time of exposure to either anti-Fcfl or polyclonal anti-fl Ab. 

Interestingly after six hours incubation, the level of BCR induced apoptosis was already 

quite high with 40% and 30% cells staining positive when treated with the anti-Fcfl and 

polyclonal anti-fl Ab, respectively. These levels increased as the incubation time increased 

from 24 to 72 hours. 

3.2.4 The effect of mAb directed at different domains of mIgM on BCR induced 

apoptosis in EHRB cells. 

As both a polyclonal Ab and anti-Fcfl mAb clearly induced apoptosis, we decided to 

observe whether mAb raised against different domains of mIgM could also induce 

apoptosis. EHRB cells were treated with either: control mAb (CPI117), mAb directed at the 

Fdfl (XG9), A light chain (Mc24IC6) or FCfl (MIS/8) domain of mIgM. All mAb were of 

IgG2a isotype, removing the possibility of any isotype specific effects of the mAb. Levels of 

BCR induced apoptosis were assessed using annexin V/PI and DioC6. Figure 3.8 shows 

that only the anti-Fcfl mAb induced high levels of apoptosis compared with cells treated 

with control mAb, with mAb directed at the Fdfl and A light chain domains inducing low 

levels of apoptosis. 

To check whether this phenomenon was particular to a single antibody rather than a 

domain-specific effect, we tested a wider range of mAb. EHRB cells were treated for 24 

hours with different mAb (10 flg/ml) directed at the FCfl (MI5/8, ZL7/5, Mc244GlO), Fd~l 

(MA5, XG9, M2E6), or A light chain (Mc24IC6, MI5/2) domains of mIgM, along with 

control mAb (CPI117) or polyclonal anti-fl Ab. Figure 3.9 shows that all three mAb 

directed at the FCfl domain of mIgM induced apoptosis similar to that obtained with the 

polyclonal anti-fl Ab. Monoclonal Ab against the Fdfl or A light chain domains of mlgM 

clearly did not induce substantial levels of apoptosis above that seen with the control. 
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Figure 3.7 Kinetics of BCR induced apoptosis. I x 105 EHRB cells were treated with 
either control (CPIII7), anti-Fcll (MIS/8) mAb or polyclonal anti -Il Ab (10 Ilg/ml) for 6, 24, 
48, or 72 hours at 37°C. Levels of BCR induced apoptosis were assessed by flow cytometry 

using annexin V/PI staining. Mean values ± SD of three independent experiments shown . 
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Figure 3.8 Apoptosis induced by antibodies recognising different regions of 
mlgM on EHRB cells. 2x 105 EHRB cells were treated with various Ab (I 0 ~Lg/ml) 
directed at different domains of mIgM for 24 hours at 37oC. Levels of cellu lar 
apoptosis were measured using FITC labeled annexin V and PI by flow cytometry. 

Mean values ± SD given for three independent experiments. Antibodies used were: 
control (CPI / 17), anti-Fd~ (XG9), anti-A (Mc24IC6), anti-Fc~ (M IS/8), and polyclonal 
anti-~ Ab. 
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Figure 3.9 Effect of mAb directed to similar domains of mlgM on BCR 
induced cellular apoptosis. 1 xl 05 EHRB cells were treated with various mAb (10 
Ilg/ml) for 24 hours at 37oC. The level ofBCR induced apoptosis was analysed by flow 

cytometry with FITC labeled AnnexinV and PI. Mean values ± SD of three 
independent experiments. Cells treated with the following Ab; Control (CP 1 / 17), anti
FCIl (MI5/8, ZL7/5 and Mc244Gl0), anti-Fdll (MA5 , XG9, and M2E6), anti-A 
(Mc24IC6 and M 15/2) and polyclonal anti-~l Ab. 
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3.2.5 The effect of anti-CD79a and b mAb on BCR induced apoptosis in EHRB cells. 

The CD79 heterodimer is an appealing target for mAb therapy of B cell lymphomas, due to 

its expression on all B cell sub groups, apart from plasma cells(94, 163). CD79 also represents 

the signalling component of the BCR and as intracellular signalling may correspond with 

therapy, we decided to investigate the effects of mAb directed at the CD79 heterodimer on 

apoptosis induction. EHRB cells were incubated with either control (CPlI17) mAb, anti

CD79a (ZL7/4), anti-CD79b (AT10511), either alone, or in combination at a final 

concentration of 10 Ilg/ml, with anti-Fcll mAb (M15/8) used as a positive control. Figure 

3.10 shows that where the anti-Fcll mAb induces apoptosis as measured by annex in VIPI or 

DioC6 staining, mAb directed to the CD79 heterodimer fail to induce apoptosis compared 

with the control mAb. Interestingly, a mixture of CD79a and CD79b mAb was unable to 

induce substantial levels of apoptosis. To confirm that this was not simply a mAb specific 

phenomenon, a number of different mAb to CD79a and b were tested and also shown not to 

induce apoptosis (data not shown). 

3.2.6 The effect of mAb on BCR induced apoptosis in various human B cell lines. 

To assess whether mAb recognising the FCIl domain of the BCR is always able to induce 

apoptosis we tested the effect of these mAb on a range of cell lines. The EHRB cell line 

was most sensitive to BCR-induced apoptosis when stimulated with either the anti-Fcll or 

polyc1onal anti-Il Ab. BL-60 and Daudi were also sensitive and showed 45% and 35% of 

cells staining positive for annexin VIPI, respectively (Figure 3.11). The Raji cells were 

insensitive to all mAb. Anti-Fcll mAb was the most potent of all mAb used on EHRB, 

Daudi and BL-60 cell lines. The Daudi cells were also sensitive to anti-Id mAb which 

induced about 40% apoptosis. Interestingly, the BL-60 cells also appeared to be slightly 

more sensitive to BCR induced apoptosis when stimulated with mAb directed at the CD79 

heterodimer and Fdll domains of mIgM, compared with EHRB cells. Although the levels of 

apoptosis were relatively low compared to that induced by the anti-Fcll or polyclonal anti-Il 

Ab. 

3.2.7 The BCR phenotype of human B cell lines. 

It is clear that most cell lines are sensitive to anti-Fcll mAb. However, to understand why 

cell lines exhibit different responses it was decided to assess the BCR phenotype of the 

different cell lines. EHRB, Daudi, BL-60, and Raji cells were incubated with the relevant 

mAb and levels of bound Ab measured indirectly by flow cytometry using FITC-Iabelled 

secondary Ab. Table 3.1 shows mean levels of expression ± SD from three independent 
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Figure 3.10 Apoptosis induced by antibodies directed to different regions of 
the CD79 heterodimer on EHRB cells. 2xI05 EHRB cells were treated with 
various Ab (10 flg/ml) directed at different domains of the CD79 heterodimer or the FCfl 
domain of mlgM for 24 hours at 37oC. Levels of cellular apoptosis were measured 
using FITC labeled AnnexinV/PI, or DioC6 by flow cytometry. Mean values ± SD 
given for three independent experiments. Antibodies used were; control (CPlII7), anti
CD79a (ZL7/4), anti-CD79b (ATIOS/l), anti-CD79a + b (ZL7/4 + ATIOS/l), and anti
FCfl (MIS/8). 
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Figure 3.11 Effect of BCR induced apoptosis on human B cell lines. I x 105 cells 
were treated with various mAb (1 0 ~g/ml) for 24 hours at 37oC. Samples were then analysed 
for levels of BCR induced apoptosis by flow cytometry using FITC labelled Annexin V IPI 
sta in ing. Ce ll s were treated w ith the fo llowing mAb; Control (CP 1/ 17), FC ~L (M 15/8) , CD79a 
(ZL7/4), CD79b (ATI05 /1), Fd~ (XG9), light chain (EHRB; Mc24 IC6, other cell lines; K35), 
id iotype (EHRB; ZL16/1 and Daudi ; ZL15/27, no idiotype mAb was available for BL-60 and 

Raj i ce ll lines) or polyc lonal anti-~L Ab. Mean va lues ± SO for three independent 
experiments . 
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EHRB Daudi BL-60 Raji 

Surface Mean SD Mean SD Mean SD Mean SD 
Antigen 

Control 3.4 0.5 3.3 0.3 3.7 0.8 4.0 1.1 

rnIgM 234.1 11.9 217.1 34.7 125.4 11.8 35.5 1.4 

CD79a 140.1 15.4 99.5 20.2 77.9 21.5 19.6 3.8 

CD79b 164.2 38.0 125.1 22.5 103.7 30.8 24.7 0.9 

CD19 110.3 3.1 313.1 61.8 231.9 58.6 142.1 17. 
8 

CD22 52.6 0.1 100.3 16.1 64.5 7.1 57.6 10. 
0 

rnIgD 8.4 1.3 4.5 1.1 6.4 1.9 3.8 0.8 

Table 3.1 Surface Phenotype of human B cell lines. lxl05 EHRB cells were 
treated with various Ab (10 Ilg/ml) directed at B cell surface Ag's for 30 minutes at 
4oC. Samples were washed and levels of surface bound mAb measured on flow 
cytometry using FITC labeled goat anti-mouse F(ab')2 Ab. Cells were treated with the 
following primary Ab: control (CPUI7), anti-mlgM (Fcll, MIS/8), anti-C079a (ZL 7/4), 
anti-C079b (A TI 05/1), anti-C~ 19 (RFB9), anti-C022 ( ), and anti-mlgO (KK2. I). 
Mean values from three independent experiments with SO. 
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experiments. The results show that EHRB cells express the highest levels of mIgM 

followed by Daudi and BL-60, which also showed the same ranking for expression of the 

CD79 heterodimer, measured using anti-CD79a and CD79b mAb. The Raji cells however, 

expressed relatively low levels of mlgM at the cell surface. 

The surface expreSSIOn of two proteins known to help regulate intracellular signals 

generated from the BCR was also assessed; the positive regulating protein CD 19, and the 

negative regulating protein CD22. The Daudi cell line expressed the highest levels of CD 19 

and CD22 followed by BL-60 and Raji, with EHRB cells expressing the lowest levels. 

Surface levels of mlgD were also assessed, but expression was very weak on all four lines. 

3.2.8 Protein tyrosine phosphorylation in the presence of anti-BCR Ab. 

We were interested to understand how mAb directed at the Fc).! domain of the BCR can 

induce apoptosis. Early experiments in this laboratory, and other published researches, 18) 

showed that cross-linking the BCR with mAb can induce intracellular signals. We wanted 

to know whether the mAb that induce apoptosis produced a different signalling pattem 

compared with mAb that do not. One of the earliest intracellular responses to BCR cross

linking is an increase in levels of protein tyrosine phosphorylation(164). Therefore, it was 

decided to investigate if mAb directed at different domains of the BCR induced different 

tyrosine phosphorylation pattems. Previous work indicates that tyrosine phosphorylation in 

response to anti-BCR Ab peaks at around five minutes(28). Therefore, EHRB cells were 

stimulated with various mAb for 5 minutes at 37°C, lysed as detailed in the methods section 

(2.10.1.3), separated on 12.5% SDS-PAGE gels, transferred to PVDF membranes and 

probed for the presence of proteins containing phosphorylated tyrosine residues using the 

mAb 4GI0, and an anti-mouse HRP linked secondary Ab as described in section 2.12. 

Figure 3.12 indicates that mAb directed to all domains of the BCR gave robust responses, in 

terms of tyrosine phosphorylation, compared with cells treated with the control mAb. 

Polyclonal anti-).! Ab and anti-Id mAb induced the highest levels of protein tyrosine 

phosphorylation, followed by mAb directed at the Fd).!, Iv and CD79a domains of the BCR. 

Surprisingly, mAb directed at the Fc).! domain of mlgM induced the lowest levels of protein 

tyrosine phosphorylation along with the anti-CD79b mAb. It was also interesting to note 

that individual phosphorylated proteins could be observed on the gels, and differences in the 

level of phosphorylation of these proteins could be observed between samples. In the 
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Figure 3.12 Tyrosine phosphorylation patterns in EHRB cells stimulated with various 
anti-BCR Ab. EHRB cells were stimulated with the appropriate antibody for 5 minutes at 37°C, 
lysed and separated on 12.5% SDS-PAGE gels . Proteins were then transferred to PYDF membrane 
and probed for the presence of phosphorylated tyrosine residues using the mAb 4G I 0 (I f-lg/ml) and 
an appropriate HRP conjugated secondary Ab . Cells were stimulated with the following Ab: lane 
I CP1117; lane 2 MI5/8; lane 3 XG9; lane 4 ZL16/ 1; lane 5 Mc241C6; lane 6 ZL7/4; lane 7 
ATI 05/ 1; and lane 8 polyclonal anti-f-l Ab . All antibodies were used at a final concentration of 10 
~lg/ml. This gel is representative of at least three independent experiments 
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highest molecular weight range, between 97 and 220kD, less induction of protein tyrosine 

phosphorylation was observed in cells treated with anti-CD79a mAb compared to the other 

mAb (*). Between 66 and 97kD different levels of protein tyrosine phosphorylation 

activation were also observed. (**). 

3.2.9 PTK activation in EHRB cells treated with anti-BCR mAb. 

From Figure 3.12, it was clear that specific proteins were differentially activated by the 

binding of mAb directed at different domains of the BCR. We therefore, decided to 

investigate the activation of specific PTK following BCR cross-linking and observe any 

differences following stimulation with the different mAb. 

3.2.9.1 Activation of Akt. 

The first PTK we investigated was Akt, a downstream target for PI3-K, with a molecular 

weight of 60 kD. PI-3K activation was observed in cells that do not undergo apoptosis(46l. 

PI3-K phosphorylates PIP2 to PIP3 at the plasma membrane, allowing PTK containing PH 

domains, like Akt, to bind and become activated(48, 49). Akt is known to be important in 

providing anti-apoptotic signals to the B cell by the activation of nuclear transcription factor 

NF-KB as previously mentioned(50-52). Cells were stimulated with mAb directed at different 

domains of the BCR and samples resolved by SDS-PAGE. Blots were then probed for the 

presence of active Akt using a phospho-specific mAb (detecting phospho-Thr308) and HRP 

labelled secondary Ab. Figure 3.13, shows that there is little difference in the levels of 

activated Akt when cells were stimulated with mAb directed at different domains of the 

BCR. Interestingly, levels of activated Akt were also high in cells treated with control 

mAb. 

3.2.9.2 Activation of Lyn. 

As no differences were observed in the levels of Akt activation, the activation of the early 

PTK Lyn, a member of the Src family of kinases, was investigated. Lyn has a molecular 

weight of between 53 and 56 kD and its activation is important for initiation of the 

downstream signalling cascade through the BCR(35-37). To investigate the activation of Lyn, 

proteins containing phosphorylated tyrosine residues were immunoprecipitated from the 

supernatant of EHRB cells which had been stimulated for 5 minutes at 37°C, as detailed in 

section 2.10.1.5.1. Lysates were also immunoblotted for the presence of total Lyn prior to 

immunoprecipitation to show that the same levels of Lyn protein was present in each lysate. 

Immunoprecipitated tyrosine phosphorylated proteins were then immunoblotted for Lyn. 
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Figure 3.13 Akt activation in EHRB cells stimulated with anti-BCR mAh. 4x 1 06 

EHRB cells were stimulated with various mAb (10 ).!g/ml) for five minutes at 37°e. Ce lls 
were then lysed and resolved on 12 .5% SDS-PAGE gels, proteins were transferred to PYDF 
membrane and immunoblotted for levels of activated Akt. Cells were treated with the 
following mAb: irr (CPII17); anti-Fc).! (M 15/8); anti-CD79a (ZL 7/4); anti-CD79b (ATI 05/ 1); 
anti-Fd).! (XG9); and Poly (polyclonal anti-).!) Ab. Representation of at least three separate 
experiments. 
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The results in Figure 3.14 show that cells treated with the different anti-BCR mAb showed 

little difference in levels of activation of Lyn. As with Akt, the resting levels of Lyn 

phosphorylation was high in EHRB cells treated with the control mAb. 

3.2.9.3 Activation of Syk 

The next PTK investigated for activation by anti-BCR mAb was Syk, another early PTK 

that is known to be essential for activation of downstream PTK. Proteins containing 

phosphorylated tyrosine residues were immunoprecipitated from EHRB cell lysates, as 

described above, and immunoblotted for Syk. Figure 3.15, shows that cells treated with the 

polyclonal anti-Il Ab induced the highest levels of Syk activation, followed by cells treated 

with the anti-CD79a and the anti-Fdll mAb. Monoclonal Ab directed at the FCIl and CD79b 

domains of the BCR induced lower levels of Syk activation, with minimal levels of 

activation observed in cells stimulated with the control mAb, in line with the total protein 

tyrosine phosphorylation data shown in Figure 3.12. Therefore, as differences in Syk 

phosphorylation were observed when cells were treated with different mAb, Syk activation 

could be important in the induction of apoptosis. 

3.2.10 The kinetics of tyrosine phosphorylation in EHRB cells treated with various 

anti-BCR mAb. 

Following the initial observation that all of the anti-BCR mAb tested induced protein 

tyrosine phosphorylation and activation of specific PTK, it was important to follow the 

kinetics of tyrosine phosphorylation. EHRB cells were incubated with the various anti-BCR 

mAb and then protein tyrosine phosphorylation assessed after 1, 5, 15 and 60 minutes 

incubation. Figure 3.16 again shows that all of the anti -BCR mAb gave robust 

phosphorylation responses, compared with cells treated with the irrelevant mAb or mAb 

directed at the surface protein CD19 (lanes 1 and 10 respectively). At each time point, the 

polyclonal anti-Il Ab (lane 6) induced the highest level of tyrosine phosphorylation, with 

maximum phosphorylation observed after 5 minutes stimulation. Monoclonal Ab directed 

at the Fdll, A. light chain, and Id domains (lanes 3, 4and 5 respectively) induced a higher 

level of protein tyrosine phosphorylation following stimulation for 1 and 5 minutes 

compared with cells treated with the anti-Fcll mAb (lane 2). However, the anti-Fcll mAb 

appears to induce higher levels of protein tyrosine phosphorylation following 15 and 60 

minutes of stimulation. Thus, anti-Fcll has a slower rate ofPTK phosphorylation, compared 

with the other anti-BCR mAb which do not induce apoptosis. 
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Figure 3.14 Lyn activation of EHRB cells stimulated with anti-BCR mAb. 4x 106 

EHRB cells were stimulated with various mAb (10 Ilglml) for five minutes at 37oC. Cells 
were then lysed and proteins containing phosphorylated tyrosine residues were 
immunoprecipitated overnight at 40 C with 4G 1 0 mAb (2 flg), bound by protein G coupled to 
sephrose beads for two hours at 4oC. Immunoprecipites were resolved on 12.5% SDS-PAG E 
gels, transferred to PVDF membrane and immunoblotted for activated Lyn (a). A small 
sample of cell Iysates were used as controls for the total level of Lyn (b). Cells were treated 
with the following mAb: Irr (CPlII7); FCfl (M 15/8); Fdfl (XG9); and Poly (polyclonal anti-~l 
Ab). Representation of at least three separate experiments . 
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Figure 3.15 Syk activation in EHRB cells stimulated with different anti-BCR 
mAh. 4x 106 EHRB cells were stimulated with various mAb (I 0 ~g/ml) for five minutes at 
37oC. Cells were then lysed and proteins containing phosphorylated tyrosine residues were 
immunoprecipitated by incubating overnight at 40 C with 4G I 0 mAb (2 ~Lg) followed by 
protein G bound to sephrose beads for two hours at 4oC. Immunoprecipitates were resolved 
on 12.5% SDS-PAGE gels, transferred to PVDF membrane and immunoblotted for activated 
Syk (a). Samples of cell Iysates were used as controls for the total level of Syk (b). Cells 
were treated with the following mAb: Irr (CPI1I7); Fc~ (M 15/8); CD79a (ZL7/4); CD79b 
(AT 105/ 1); Fd~ (XG9); and Poly (polyclonal anti-~ Ab) . Representative of at least three 
separate experiments. 
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Figure 3.16 The kinetics of tyrosine phosphorylation in EHRB cells stimulated 
with anti-BCR mAb. EHRB cell s were stimulated with the appropriate mAb (1 0 ~Lg/ml) 

for the t imes shown at 37°C. Cells were then lysed and protein separated on 12.5% SOS
PAGE ge ls. Protein was transferred to PYOF membrane and probed for the presence of 
phosphorylated tyros ine residues using the mAb 4G 1 0 (I ~Lg/ml) and HRP labelled secondary 
Ab . Cell s were stimulated with the fo llowing: lane I, irrelevant contro l (CPII17); lane 2, anti
Fc~ (M 15/8); lane 3, Fd~ (XG9); lane 4, anti-A (Mc24IC6); lane 5, is anti -Id (ZL 16/ I); lane 6, 
polyclonal anti-~ Ab; lane 7, anti-C079a (ZL7/4); lane 8, anti-C079b (ATI051l); lane 9, anti
C079a + b (ZL 7 /4 + AT I 05/ I); and lane 10, anti -C~ 19 (RFB9). Representative of three 

independent experiments . 
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Monoclonal Ab directed towards the CD79 heterodimer also gave robust signalling, with 

anti-CD79a mAb inducing more tyrosine phosphorylation at all time points compared to 

cells treated with anti-CD79b (lanes 7 and 8 respectively). When cells were treated with a 

combination of the anti-CD79a and CD79b mAb (lane 9) the level of tyrosine 

phosphorylation exceeded that seen in cells stimulated with either mAb alone, or cells 

treated with mAb directed at the mlgM. Only the polyclonal anti-fl Ab gave more robust 

phosphorylation. 

3.2.11 The kinetics of Lyn activation in EHRB cells treated with various anti-BCR 

mAb. 

As the patterns of total protein tyrosine phosphorylation differed with time and Ab 

stimulation, it was decided to investigate the kinetics of early PTK activation. First, we 

investigated the kinetics of activation of Lyn. Cells were treated with mAb directed at the 

FCfl (MI5/8), Fdfl (XG9), CD79 heterodimer (ZL 7 /4 and ATI0511 in combination), 

polyclonal anti-fl Ab, and a control (CPlII7) mAb, for 3, 15, 60 and 120 minutes at 37°C, 

before immunoprecipitation of phosphorylated tyrosine residues from cell lysates and 

immunoblotting for Lyn (Figure 3.17a). Fortuitously, immunoprecipitated mouse light 

chain from the 4GI0 mAb also immunoblotted alongside activated Lyn and was used as a 

loading control, as shown in Figure3.14. This was due to cross reactivity of the secondary 

Ab binding to the mAb which was raised in either the same or similar species. Figure 3.17b 

shows that all of the mAb tested gave a maximum level of Lyn activation at 15 minutes, 

which then decreased by 60 and 120 minutes. From the densitometry results shown in 

Figure 3.17b, for each mAb, the maximum density obtained was taken as 100% activation, 

and densities obtained at the other time points expressed as a percentage of this value and 

shown in Figure 3.17c. This plot indicates that there was no clear difference in kinetics 

between mAb recognising different domains of the BCR. 

3.2.12 The kinetics of Syk activation in EHRB cells treated with anti-BCR mAb. 

As levels of phosphorylated Syk appear to differ when EHRB cells are treated with different 

mAb for 5 minutes, we next followed the kinetics of Syk activation. Cells were treated with 

polyclonal anti-fl Ab and control mAb together with mAb directed at FCfl (MI5/8), Fd~l 

(XG9) and the CD79 heterodimer (ZL7/4 and ATI0511 in combination). After 3,15,60 and 

120 minutes at 37°C, cells were lysed immunoprecipitated for phosphorylated tyrosine 

residues and immunoblotted for Syk (Figure 3.18a). Again mouse heavy chain from 4G 10 

mAb was used as a loading control, as shown in Figure 3.15. 
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Figure 3.17 The kinetics of Lyn activation in EHRB cells stimulated with various 
mAb directed at BCR. EHRB cells were stimu lated with the appropriate mAb (10 Ilg/ml) 
for the times shown at 37°C, before being lysed and phosphorylated PTK immunoprecipitated. 
Proteins were separated on 12.5% SDS-PAGE gels, proteins were transferred to PYDF 
membrane and probed for the presence of activated Lyn (a). Levels of Lyn activation were 

quantitated using densitometry (b). The results show mean values ± SD for three independent 
experiments. Levels of activated Lyn activation were normalised to the max imum levels of 
activation (c). Cells were stimulated with the fo llowing: lane I , irrelevant control (CPI!l7); 
lane 2, anti -Fcll (M 15/8); lane 3, Fdll (XG9); lane 4, anti-CD79a + b (ZL 7 /4 + AT 105/ I) ; and 
lane 5, polyclonal anti-Il Ab . 
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Figure 3.18 The kinetics of Syk activation in EHRB cells stimulated with various 
mAb directed at the BCR. EHRB cells were stimulated with the appropriate mAb (10 
/lg/ml) for the times shown at 37°C, before being lysed and phosphorylated PTK 
immunoprecipitated. Proteins separated on 12.5% SDS-PAG E gels, transferred to PYDF 
membranes and probed for the presence of activated Syk (a). Levels of Syk activation were 

quantitated using densitometry and (b) shows mean values ± SD for three independent 
experiments. Levels of Syk activation from (b) were normalised to maximum levels obtained 
when cells were treated with individual mAb (c) . Cells were stimulated with the followin g: 
lane I, irrelevant control (CP 1117); lane 2, anti-Fc/l (M 15/8); lane 3, Fd/l (XG9); lane 4, anti
CD79a + b (ZL 7/4 + A TI 05/ 1); and lane 12,polyclonal anti-/l Ab. 
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The levels of Syk activation shown in Figure 3.18a were quantified by densitometry and the 

results are shown in Figure 3.18b, again the maximum levels of activated Syk were 

calculated as detailed above (Figure 3.18c). Polyclonal anti-Il Ab induced the highest level 

of Syk activation, reaching a maximum level at 3 minutes and then declining. Monoclonal 

Ab directed at the Fdll domain of mIgM heavy chain and the CD79 heterodimer induced a 

maximum level of Syk activation 3 minutes after stimulation, which then decreased over 

time. Although a combination of the anti-CD79 mAb induced more Syk activation 

compared to the anti-Fdll mAb, these levels were lower then the level of Syk activated with 

the polyclonal anti-Il Ab (Figure 3.18b). Figure 3.18b and c show that the anti-Fcll mAb 

activates low levels of Syk following stimulation for 3 and 15 minutes compared to cells 

stimulated with anti-Fdll and anti-CD79 mAb. However, Syk activation reaches a 

maximum by 60 minutes. These results show that the anti-Fcll mAb induced slower and 

more protracted levels of Syk activation compared to the other mAb. Anti-Fcll mAb 

induced maximum levels of Syk activation after 60 minutes stimulation, compared to cells 

treated with the other anti-BCR Ab. 

3.2.13 The induction of calcium flux in EHRB cells by anti-BCR mAb. 

Following investigation of tyrosine phosphorylation in EHRB cells treated with different 

anti-BCR mAb, it was decided to investigate a later stage in the BCR signal transduction 

cascade. Following tyrosine phosphorylation and activation of proximal PTK, PLCy2 

becomes activated, hydrolysing PIP2 to IP3. IP3 then binds to IP3 receptors in the cell, 

causing intracellular calcium to be released(66, 67). Notably Syk is pivotal in activating 

PLCy2 and regulating intracellular calcium signalling upon BCR cross-linking. Therefore, 

we wished to observe how calcium flux compared to Syk activation following BCR ligation 

with our panel ofmAb. To assess calcium signalling, EHRB cells were pre-loaded with the 

calcium binding reporter dye INDO-I-AM as detailed in section 2.13. They were then 

stimulated with mAb directed at different regions of the BCR and levels of intracellular 

calcium flux assessed over time by flow cytometry. 

The levels of calcium flux induced with anti-BCR mAb showed that the polyclonal anti-~l, 

and the and anti-A mAb induced higher initial peaks of calcium flux. This was followed by 

the anti-Fdll mAb, which stimulated an initial calcium flux that was comparable to that 

observed when cells were treated with either anti-CD79a or anti-CD79b mAb. 

Interestingly, the initial calcium flux observed when cells were treated with the anti-Fcll 

were lower (Figure 3.19). However, similar to the observation with Syk activation it is 
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Figure 3.19 Calcium flux of EHRB cells stimulated with mAb directed at BCR. I x I 07 cells EHRB cell s were washed twice in 
serum free RPMI and loaded with 20/-lM INDO-I-AM. Cells were then incubated at 370 C for 30 minutes before being washed twice in 
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apparent that anti-Fcll mAb induces a prolonged level of calcium flux compared to other 

mAb raised against the BCR. These prolonged, elevated levels of calcium flux were similar 

to those observed when cells were treated with the polyclonal anti-Il Ab, which also leads to 

cellular apoptosis. 

3.2.14 Correlation between the induction of apoptosis in vitro and the induction of 

therapy in vivo 

Finally, after establishing that different mAb induce different levels of cellular apoptosis ill 

vitro, it was of interest to investigate if these mAb could provide therapy from tumour in 

vivo, and to ask if there was any correlation between in vitro and in vivo activity. Therefore, 

we established a xenograft model of in vivo tumour therapy with the Ramos tumour cells in 

SCID mice. After establishing a robust and reproducible model system we performed 

immunotherapy experiments with the different mAb. Groups of age and gender matched 

SCID mice were treated with 2.5xl06 tumour cells on day o. At day seven post-tumour, 

separate cohorts of mice were treated with the various mAb. Animals treated with the 

control mAb were culled between days 30 and 35 following symptoms of rear leg paralysis 

following tumour cell infiltration. Tumour-bearing animals treated with the anti-Fcll mAb 

were protected for greater than 100 days. However, the other mAb failed to provide any 

long term protection and all mice succumbed to tumour within a 70 day period (Figure 

3.20). This data shows that the therapeutic potency in vivo correlates with the in vitro data, 

such that the anti-Fcll mAb which induced significant levels of growth arrest and cellular 

apoptosis produced therapy in vivo. 
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Figure 3.20 The effect of mAb treatment on human B cell xenografts in vivo. 
SCID xenografts were established with 2.5x I 06 tumour ce ll s (EHRB) i.v. on day O. At day 7 
groups of five mice were treated with various mAb ( 100 ).!g) i.v. and survival recorded for 
each group. mAb used were: contro l (PBS), Fc).! (M I5/8), CD79a (ZL7/4), CD79b 
(AT I05/ 1), CD79a + b (ZL7/4 + ATI0511), and Fd).! (XG9). Representative of at least two 
independent experiments. 
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3.3 Discussion 

To investigate mAb for therapy against B cell lymphomas we utilised EHRB cells, a sub

line of the well characterised B cell line, Ramos. Ramos-EHRB cells are thought to reflect a 

GC like B cell line and have previously been shown by us and others to be sensitive to BCR 

induced apoptosis(l58, 165, 166). Importantly, it should be noted that most other studies utilise 

polyclonal reagents to induce cell death. Work carried out previously in our laboratory, 

showed that cell lines stimulated with various mAb directed at different domains of the 

BCR have varying ability to induce growth inhibition(158). Subsequent work, detailed in this 

chapter has shown that at least a proportion of this inhibition is due to the induction of 

apoptosis as confirmed by annexin V /PI and DioC6 staining. Although some groups have 

questioned the use of annexin V for the measurement of apoptosis of mouse B cells in 

vivo (I 67, 168), we believe it provides an accurate measure for the induction of early stages of 

apoptosis. Later stages of cell death were also observed, such as PI positivity indicative of 

loss of plasma membrane integrity and DNA fragmentation, indicative of nuclear 

disintegration. 

Our results showed that mAb directed at the FCIl domain of mIgM (CIl2-CIl4) leads to 

induction of apoptosis while mAb directed at the Fdll (Clll) or A light chain (CAl), have 

little effect. 

One possible difference between the different mAb is their binding affinity, this could 

potentially be of importance for the induction of apoptosis. Some reports suggest that high 

affinity anti-Fdll and anti-Fcll mAb are less efficient at inducing in vitro B cell death 

compared to anti-Fcll mAb with moderate binding affinities (I 65, 169). However, the anti-Fql 

mAb used in this study have similar binding affinities compared to the anti-Fdll mAb and 

therefore, in this case affinity alone cannot explain the differences in apoptosis induction 

with these reagents(l58, 159). 

Another interesting therapeutic target for mAb on B cells is the CD79 heterodimer, which is 

expressed on all B cell types apart from plasma cells (94, 163). As discussed in previous 

sections, the BCR is thought to be comprised of one mIg molecule non-covalently 

associated with one CD79 heterodimer (128). Therefore, it might be expected that mAb 

directed at the extracellular domains of CD79a or CD79b should be able to cross-link BCRs 
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and cause equivalent levels of apoptosis. This appears not to be the case as observed in 

Figure 3.8, and previously reported data (159). 

Monoclonal Ab raised against the BCR were also tested on other Ramos like B cell lines 

including Daudi and BL-60, alongside EHRB. Data showed that the EHRB cell line was 

only sensitive to BCR induced apoptosis when treated with anti-Fcll mAb and polyclonal 

Ab. The Daudi cell line was sensitive to anti-Fcll mAb and polyclonal Ab. However, it was 

also sensitive to mAb raised against the Id domain. Overall, the level of BCR induced 

apoptosis observed in Daudi cells was reduced compared to that seen in the EHRB cell line. 

The BL-60 cell line showed similar characteristics compared to the EHRB cell line, in that 

anti-Fcll and polyclonal Ab induced the highest levels of apoptosis compared to control 

mAb. 

To investigate why the different cell lines show different levels of susceptibility to anti-Fcll 

mAb, the phenotype of other surface proteins important in activation of PTK was analysed. 

One explanation for the reduced sensitivity of Daudi cells to BCR induced apoptosis when 

treated with anti-Fcll mAb may be due to the increased expression of CD22 at the cell 

surface. CD22 contains an active cytoplasmic !TIM motif that recruits PTP upon 

phosphorylation of the !TIM motif by activated Src family kinases(l70). Increased 

expression of CD22 could directly lead to a reduction in levels of signalling from the BCR 

and therefore, less apoptosis. 

It is known that cross-linking mIgM induces intracellular signals shown by phosphorylation 

of tyrosine residues on important cellular substrates including PTKs(I64). Previous results 

from clinical studies showed a correlation between the protein tyrosine phosphorylation 

responses of ex- vivo stimulated NHL cells (stimulated with the patient specific anti-Id) and 

subsequent response of the patient(160). In this study we have shown that all mAb directed at 

the mIgM and CD79 heterodimer domains of the BCR induce robust levels of tyrosine 

phosphorylation, as previously reported(l59, 160). However, not all of these mAb induce 

robust apoptosis, implying that the early induction of protein tyrosine phosphorylation is not 

in itself sufficient for apoptosis. Indeed, kinetic studies indicate that at early time points, 

mAb directed at Fdll, A light chain and Id domains of mIgM induce higher levels of protein 

tyrosine phosphorylation than does anti-Fcll mAb. However, with the anti-Fcll mAb, the 

level of protein tyrosine phosphorylation peaks at a later time point, and appears to remain 

elevated for longer periods of time. 
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These early tyrosine phosphorylation events were confirmed when looking at the activation 

of intracellular calcium flux. Monoclonal Ab directed at Fdll, A and Id domains induce a 

higher level of calcium flux compared to cells stimulated with anti-Fcll mAb. However, 

activation of Syk as indicated by its increased phosphorylation status confinns the 

observation made with the global tyrosine phosphorylation imrnunoblots, that anti-Fcll mAb 

induces moderate Syk activation, which peaks at one hour post stimulation, compared to 

other mAb that peaked at three minutes. These sustained levels of signalling may contribute 

to the final outcome of apoptosis. 

As previously discussed Syk is a key signalling molecule required for the activation of 

downstream PTK, release of intracellular Ca2
+ and subsequent activation of downstream 

nuclear transcription factors(IOI, 171). Activation of specific nuclear transcription factors 

determines cell fate(l72). It is known that BCR induced cell death requires activation of 

PLCy2 and release of intracellular Ca2
+, leading to the activation of INK-I (43). In immature 

murine B cell lines, it has been shown that prolonged intracellular signalling induced by 

cross-linking the BCR, as shown by increased tyrosine phosphorylation is associated with 

the induction of apoptosis, (173). This apoptosis also correlates with a reduction in the time 

of activation of ERK2, which is thought to be important for cell survival. As such, cells 

rescued from BCR induced apoptosis by the addition of CD40 ligand show reduced kinetics 

of protein tyrosine phosphorylation and prolonged activation ofERK2(174). 

Activation of the Src family kinase Lyn, is thought to be important for activation of 

intracellular signalling cascades of B cells upon BCR cross-linking(175). According to the 

theory proposed by Pierce, et ai., (114) cross-linked BCR translocate into cholesterol rich lipid 

domains of the plasma membrane (lipid rafts), that also appear to be rich in the Src family 

kinase Lyn. However, from our data, Lyn appears to be already activated in resting EHRB 

cells and only slightly enhanced following mAb stimulation. As little difference is seen 

between any of the mAb used and levels of Lyn activation, this suggests that Lyn is not 

essential for the activation of intracellular signalling cascades that are important for 

apoptosis. Potentially, Src kinases such as Lyn may be more important in modulating B cell 

responses to BCR cross-linking during B cell maturation(17S). 

These results follow other research that has shown that Lyn is not important for initial 

activation of intracellular signalling cascades following cross-linking BCRs, but is more 

important for tuning the B cell response to antigen (126, 127). As such, B cells deficient in Syk 
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fail to release intracellular Ca2
+ upon BCR cross-linking and more importantly fail to mature 

past the pro B cell stage of development(44). On the other hand, Lyn deficient B cells are 

capable of maturing to naIve mature B cells(176) illustrating that Lyn is not essential in the 

signalling necessary to provide full development Furthermore, Lyn deficient B cells are 

hyper sensitive to BCR cross-linking by Ag or Ab, leading to increased populations of auto 

reactive B cells(177). Research using GFP-tagged Syk and Lyn transfected into DT -40 cell 

lines deficient for Syk and Lyn has shown that upon BCR cross-linking Syk is required for 

capping of cross-linked BCR, where Lyn is required for mIgM intemalisation(127). 

Finally, it was interesting to observe that in vitro apoptosis data corresponds with in vivo 

therapy. SCID xenograft models using EHRB tumour cells show that only anti-Fcfl mAb 

can protect against tumour. Other mAb directed against the BCR cannot protect from in 

vivo tumour, suggesting an importance in anti-Fcfl mAb at providing therapy by inducing 

cellular apoptosis to tumour. 

In conclusion, it can be seen that mAb directed at the BCR of the EHRB cell line that can 

induce high levels of apoptosis in vitro, also protect against in vivo tumour models. 

Interestingly, although all mAb directed at the BCR induce substantial protein tyrosine 

phosphorylation, this does not correlate with either in vitro apoptosis or therapeutic efficacy 

in vivo. In fact, mAb that do not induce apoptosis induce a higher level of signal than anti

FCfl at early time points. However, both mAb that induce apoptosis (anti-Fcfl mAb and 

polyclonal anti-fl Ab) are able to sustain protein tyrosine phosphorylation for longer periods 

of time. For example, Syk activation was elevated for up to one hour after pro-apoptotic 

BCR stimuli. 
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Chapter 4 

BCR modulation and aggregation on human B cell lines treated with monoclonal Ab. 

4.1 Introduction 

The proximal event in BCR signalling is the cross-linking of the BCR with Ag or Ab. Two 

recent theories have proposed how intracellular signalling pathways are activated upon 

cross-linking of the BCR. The first theory suggests that the BCR exists as an oligomeric 

complex at the cell surface(30,42). Research indicates that these oligomeric complexes are 

constantly being activated, and rapidly deactivated by Syk, and SHP, respectively(39). Upon 

Ag or Ab binding to the BCR, it has been proposed that the oligomeric structure is distorted, 

preventing SHP from de-phosphorylating Syk, allowing initiation of the intracellular 

signalling cascade(42, 128). This indicates that it is Syk which is vital for activation of 

intracellular signalling cascades, by activating and then binding to the IT AM motifs located 

within the cytoplasmic domain of the CD79 heterodimer(39). 

The second theory regarding the activation of intracellular signalling cascades has focused 

Qn the translocation of cross-linked BCR into lipid rafts (I 18). Pierce, et al.Y 14,116,178) have 

shown that BCR translocate from the lipid soluble to the lipid insoluble region of the plasma 

membrane following ligation. Furthermore, it has been shown that Lyn is constitutively 

present in lipid rafts and, therefore, potentially the key PTK for activation of BCR 

intracellular signalling (118). As well as the possibility of lipid rafts functioning as platforms 

for the activation of intracellular signalling pathways, research has also suggested that 

involvement of the BCR with lipid rafts is important during B cell development(118, 119. 122), 

and for intemalisation of cross-linked BCR(l23). 

In the previous chapter, it was clearly demonstrated that mAb which bind to different 

regions of the BCR induce greatly differing levels of apoptosis. Therefore, it was of interest 

to investigate the binding properties of the anti-BCR mAb in an attempt to better understand 

why only certain mAb can induce apoptosis. Interestingly, Elliott, et ai., (179) have suggested 

that anti-BCR mAb that give therapy bind bigamously between separate BCR, whereas anti

BCR that do not give therapy bind monogamously to a single BCR complex. However, this 

property was not demonstrated to be linked to the induction of apoptosis and has never 

formally been proven. 

78 



As differences in signalling appear to be linked to the induction of apoptosis, it was also of 

interest to detennine the nature of the BCR complex bound by the panel of anti-BCR mAb. 

Research has shown that the BCR from anergic B cells is disrupted, with the CD79 

heterodimer not associated with mlgM(180, 181). Therefore, it is possible that certain anti

BCR cause a disruption to the BCR structure, preventing complete activation of the 

intracellular signalling cascade, leading to the induction of apoptosis. For these reasons, in 

this chapter the nature of the BCR complex was assessed before and after binding with our 

panel of anti-BCR mAb. In addition, the hypothesis that the varying levels of apoptosis 

induced by the different mAb might be explained by variable redistribution of the BCR 

components into lipid rafts was explored. 
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4.2 Results 

4.2.1 Comparison of the binding of various anti-BCR mAb to EHRB cells. 

From the previous chapter, it was clear that the anti-Fcfl mAb may induce apoptosis by 

prolonging intracellular signals. Therefore, it was of interest to investigate whether the 

extended signalling was related to the binding properties of the different anti-BCR mAb. 

Therefore, in preliminary experiments EHRB cells were incubated with mAb directed at the 

FCfl (MIS/8), Fdfl (XG9), A light chain (Mc24IC6), and Id (ZLI611) domains ofmlgM. and 

with mAb directed at the CD79a (ZL7/4) and CD79b (ATIOSI1) domains of the CD79 

heterodimer. Levels of bound mAb were assessed using FITC labelled goat anti-mouse 

F(ab'h· 

Figure 4.1 shows that EHRB cells bind twice as much mAb directed at the Fdfl, A light 

chain and Id domain ofmlgM compared with the anti-Fcfl mAb. The binding mAb directed 

at the CD79 heterodimer was lower, about half the level of that with anti-Fcfl mAb. This 

data was consistent with a model where the anti-Fcfl mAb binds bigamously between BCR, 

as less mAb binds compared to the anti-Fdfl mAb which could bind monogamously to a 

single BCR, as shown in Figure 4.2. 

4.2.2 The effect of anti-BCR mAb on modulation of the BCR on EHRB cells. 

Clearly, mAb binding levels could not explain the prolonged signalling with the anti-Fql 

mAb shown in the previous chapter. An alternative reason for the prolonged signalling 

could be that the BCR bound by the anti-Fcfl mAb could remain at the cell surface for 

longer, allowing a prolonged intracellular signal to be delivered. To test this theory the 

panel of anti-BCR mAb were bound to EHRB cells, cells were washed and then analysed 

for levels of bound mAb using a goat anti-mouse F(ab')2 over a period of 60 minutes. 

Figure 4.3 shows that although the anti-Fdfl and anti-A mAb initially bound at higher levels 

than the anti-Fcfl mAb, the bound levels appeared to fall at an increased rate over time 

(Figure 4.3a). When levels of the bound mAb were expressed as a percentage of the initial 

amount bound (Figure 4.3b), the level of bound anti-Fdfl mAb fell at a slower rate compared 

to the fall of bound levels of the anti-Fcfl and the anti-A mAb. Suggesting little difference in 

the rate of BCR modulation upon binding of anti-BCR mAb directed at the mlgM region. 

This modulation of the mlgM on the cell surface could be caused by internalisation of 

mlgM. However, this could not be proved, so the term modulation is used from here on. 
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Figure 4.1 Levels of surface bound mAb on EHRB cell line. I x 105 EHRB cells were 
treated with the re levant anti-BCR mAb (10 /lg/ml) for 30 minutes at room temperature. 
Samples were then washed twice and levels of mAb bound to surface of EHRB 
determ ined by flow cytometry using FITC labelled goat anti mouse F(ab ' )2' F ACS 
plots from one experiment show levels of bound Ab (a). Mean values ± SO from three 
independent experiments are shown (b). Control Ab: CPI/17, FC/l: MIS/8, Fd/l: XG9, 
A: Mc24IC6, Id : ZL1611, C079a: ZL 7/4, and C079b: ATI 05/ 1. 

81 

10' 



Bigamously bound 
mAb like anti-Fc/-l 

1 
Prolonged moderate 

Syk activation 

1 
Apoptosis and 

cell death 

Monogamously bound 
mAb like anti-Fd/-l 

1 
Intense quick 
Syk activation 

1 
No apoptosis or 

cell death 

Figure 4.2 How different mAb may bind on the cell surface and how they 
may mediate different effects. Schematic representation of how mAb might 
bind to the BCR. Bigamously bound mAb (i .e. anti-Fc/-l) bind between two 
BCRs, activate moderate but prolonged intracellular signals that lead to cellular 
apoptosis. Monogamously bound mAb (i.e anti-Fd/-l, anti-A and anti-Id) bind to 
one BCR, induce rapid intense intracellular signals that do not lead to cellular 
apoptosis. 

82 



(a) 

(b) 

450 

400 

L1. 350 
:2! 

~ 300 
0 
.0 

___ Control 

-'- Fq.l 
--.- CD79a 
--+- CD79b 

:.:; 
250 c: ____ CD79a + b 

<t: 
"0 

___ Fd J..! 
c: 200 ::J -'- A 
0 
m 
Q) 150 (,,) 
llS ..... ... 
::J 100 en 

50 

0 
0 10 20 30 40 50 60 70 

Time (minutes) 

100 

>. 
"0 
0 
.0 

-'- Fc J..! - -+ CD79a c: 
<t: --+- CD79b 
"0 
c: 
::J 
0 
m 

.... CD79a+b 

..... FdJ..! 
Q) 
(,,) 
llS ..... ... 
::J 
en 
~ -c: 

~ 0 

~ 
0 

i 

10 
i 

20 
i 

30 
i 

40 

Time (minutes) 

i 

50 
i 

60 

""- A 

i 

70 

Figure 4.3 Kinetics of mAb internalisation by EHRB cells after binding by 
anti-BCR mAb. EHRB cells (2x I 05) were treated with the relevant mAb ( I 0 ~glml) 
for times ind icated at 37oC. Ce ll s were then removed, washed twice and assessed for 
levels of mAb bound to surface of EHRB cell s analysed by flow cytometry using FITC 
labelled goat anti mouse F(ab 'h. (a) shows levels of surface bound mAb from FACS 
data, mean values ± SO from three independent experi ments. (b) Mean va lues from (a) 
were normalised to 100% fo r mAb bound maximums. Contro l mAb: CP I/ 17, Fc~: 

M IS/8, C079a: ZL7/4, C079b: AT IOS/ I, C079a + b: ZL7/4 + ATIOSI1 (final 
concentration I 0 ~glm l ), Fd~ : XG9, and A: Mc24 IC6. 
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As a second method of observing BCR intemalisation, EHRB cells were treated with the 

anti-BCR mAb, and the remaining mlgM quantified using FITC-labelled anti-Id (ZLI6/l1) 

mAb. This technique actually measures the level of BCR remaining at the cell surface, and 

is possible as anti-Id mAb is not blocked from binding by the other mAb specificities (data 

not shown; Dr M. Cragg, personal communication). Figure 4.4 shows that cells treated with 

the polyclonal anti-Il Ab induce rapid mlgM modulation, with only 40% of the original 

mlgM remaining on the cell surface 15 minutes after stimulation. Monoclonal Ab directed 

at various domains of mlgM (FCIl, Fdll, and A) induce comparable rates of modulation over 

a 1 hour period. Monoclonal Ab directed at the CD79 heterodimer induced low rates of 

mlgM intemalisation, with 85% of mlgM remaining at the cell surface when cells were 

treated with anti-CD79b mAb following stimulation for 60 minutes. Treatment of EHRB 

cells with the anti-CD79a and b mAb in combination induced more rapid mlgM 

intemalisation, comparable to mAb directed at the mlgM domain. 

The rate of BCR modulation over a 24 hour period was also assessed using the same 

techniques as described above. EHRB cells were also incubated with the same mAb over a 

24 hour period. After 1 hour of incubation, it appears that the proportion of mlgM 

modulated when treated with the anti-Fcll mAb is greater then that observed when cells 

were treated with the anti-Fdll mAb. However, the proportion of mlgM modulated between 

4 and 24 hours incubation with the mAb was similar, with between 20 and 30% of mIgM 

remaining at the cell surface (Figure 4.5). The surface level of each mAb remained on the 

cell surface over the 24 hour period, except cells treated with a combination of the mAb 

directed at CD79 heterodimer, where an increased loss in bound mAb was observed 

following incubation for 4 hours. 

As well as investigating the rate of mlgM modulation from the cell surface, we also 

investigated the rate of CD79 modulation following binding of the anti-BCR mAb (Figure 

4.6). EHRB cells treated with the polyclonal anti-Il Ab induced rapid modulation of both 

CD79a and CD79b as observed with modulation of mlgM. Similar results were observed 

with the anti-Fdll and the anti-A mAb, albeit with slightly slower kinetics. Interestingly, cells 

treated with mAb directed at the FCIl induced slower modulaiton of CD79a and CD79b 

compared to cells treated with other mAb. In combination, these data suggests that the anti

FCIl mAb leads to a more rapid modulation of IgM compared to CD79, implying that CD79 

remains at the cell surface without IgM. 
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Figure 4.4 Kinetics of BCR modulation on EHRB cells following binding of 
anti-BCR mAb. EHRB cells (2x 105) were treated with the re levant Ab ( I 0 ~g/m l ) for 
the t imes indicated at 37°C. Ce lls were removed, washed tw ice in PBA and assessed 
fo r levels of BCR present at the cell surface by flow cytometry using FITC labelled 
anti-Id (ZLI 6/1). (a) Surface expression of the BCR at the cell surface fo ll owing 
exposure to anti-BCR Ab for 60 minutes. (b) Levels of surface BCR expressed. Levels 
of surface BCR expressed as a percentage of control at each time point, mean values ± 

SO from three independent experiments. Contro l Ab: CP I/ 17, Fc~: MIS/8, C079a : 
ZL7/4, CD79b: AT IOS/ I, CD79a + b: ZL7/4 + AT IOS/ I (fi nal concentration 10 ~g/ml) , 

Fd ~l : XG9, A: Mc241C6, and Po lyclonal is commercial anti-~ Ab. 
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Figure 4.5 BCR modulation on EHRB in presence of Ab for 24 hours. EHRH 
cell s (2x 105) were incubated with the re levant Ab (10 )lg/ml) for times indicated at 370 C 
in a humidified chamber. At re levant times, cells were removed, washed twice in PBA 
and assessed for levels of BCR present at the cell surface (a) mean value ± SO from 
three independent experiments . (b) Levels of bound mAb expressed as maximum level 
of mAb bound at 15 minutes, ca lcu lated from one of three independent experiments, 
Ab and reagents used as detai led in Figure 4.1. 
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Figure 4.6 Levels of CD79a and CD79b expressed at the cell surface on 
EHRB following BCR modulation. EHRB cells (2x 105) were treated with the 
various mAb as deta iled in Figure 4.1, fo r t imes indicated at 37°C. At relevant times, 
cell s were removed, washed twice and assessed usi ng flow cytometry for surface levels 
of CD79a and CD79b using FITC labe lled anti -CD79a (ZL 7 14) (a) , or FITC labelled 
anti-CD79b (A T I 05/1 ) (b). Leve ls of expression were normalised to cells treated with 

contro l mAb, and are mean values ± SD from three independent experiments. 
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4.2.3 The effect of BCR internalisation on B cell lines. 

As shown in the previous chapter, in vitro BCR induced apoptosis varied between different 

cell lines. Therefore, it was interesting to investigate the kinetics of mIgM modulation on 

Daudi and BL-60 cells treated with the anti-BCR mAb. Figure 4.7 shows that Daudi cells 

treated with the panel of anti-BCR mAb have much lower rates of mIgM modulation than 

EHRB cells (Figure 4.4). Even treatment of Daudi cells with polyclonal anti-fl Ab had little 

effect, with 65% of mIgM remaining at the cell surface following treatment for 60 minutes. 

On the other hand, mIgM modualtion on BL-60 cells was more rapid, with only 25% of 

mIgM remaining at the cell surface following treatment with polyclonal anti-fl Ab for only 

15 minutes (Figure 4.8). Anti-Fcfl mAb also showed rapid modualtion of IgM over the 60 

minute incubation period on BL-60 cells, similar to when the anti-CD79a and b mAb were 

used in combination, which was more rapid than observed on EHRB treated cells. 

Surprisingly, modualtion of mIgM on BL-60 cells treated with the anti-Fdfl mAb was 

reduced compared to on EHRB cells. 

4.2.4 Detecting the BCR complex when bound by mAb. 

Given the differences in the kinetics of modulation of mIgM, CD79a and CD79b from the 

surface of EHRB cells, we wanted to investigate whether the whole BCR complex remains 

intact when stimulated with the anti-BCR mAb. Initially, EHRB cells were lysed in 1 % 

digitonin lysate buffer and mAb added to see if whole BCR complexes could be 

immunoprecipitated. First we determined whether whole BCR complexes could be 

immunoprecipitated with the different anti-BCR mAb. EHRB cells were lysed in 1 % 

digitonin, mAb added and the complexes pulled out by the addition of protein A coupled to 

sepharose 4B. 

Figure 4.9, shows that all the anti-BCR mAb directed at the mIgM domain 

immunoprecipitated equal amounts of IgM from the cell lysate and that this was associated 

with CD79b. Monoclonal Ab directed at the CD79 heterodimer immunoprecipitated less 

IgM. However, more IgM was immunoprecipitated when anti-CD79a and b mAb were used 

in combination. Anti-CD79a mAb only immunoprecipitated small amounts of CD79b, 

compared to the other mAb used. CD79b appeared as a doublet when immunoblotted from 

immunoprecipitated complexes. Both of these bands were regarded as CD79b as this anti

CD79b mAb also immunoprecipitated the same doublet from EHRB cells. 

88 



110 

Q) 100 
<.> 
CIS 
't: 90 ___ Control 
::J 
en 

80 ......... Fc~ 
Qi -1f- CD79a u 70 - -+- CD79b CIS 

"0 60 ___ CD79a + b 
Q) 

(a) 
If) ___ Fd~ 
If) 50 Q) ... ......... K a. 
>< 40 -1f- Poly c lonal Q) 

0::: 30 u 
In - 20 0 

~ 0 10 

0 
0 10 20 30 40 50 60 70 

Time (minutes) 

110 

100 

~ 
>. 
"0 90 ......... Fc~ 0 
.c -1f- CD79a :;::; 
r::: 80 -+- CD79b « 
"0 70 ___ CD79a + b 
r::: 
::J ___ Fd~ 
0 60 In -.-K 

(b) 
Q) 
<.> 50 
CIS 
't: 
::J 40 en 
"iii 30 
:E 
r::: 

20 
~ 0 

10 

0 
0 10 20 30 40 50 60 70 

Time (minutes) 

Figure 4.7 BCR internalisation on Daudi cell line following treatment with 
various Ab. Daudi cells (2x 105) were incubated with the re levant Ab (10 flglm l) for 
the times indicated at 37oC. At re levant times, ce lls were removed, washed twice and 
assessed for levels of BCR present at the cel l surface using FITC labelled anti-Id 
(ZLIS/27) (a), or levels of bound mAb using FITC labe lled goat anti -mouse F(ab' )2 (b) . 
Cells were analysed by flow cytometry and levels of BCR present normalised to ce lls 
treated with control mAb. The mAb used were as detailed in Figure 4 .1. 
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Figure 4.8 BCR modulation on BL-60 cell line following treatment with 
various Ab. BL-60 cell s (2x 10S) were incubated with the re levant Ab (10 Ilg/ml) for 
the ti mes indicated at 37oC. At re levant times, ce ll s were removed, washed twice and 
assessed for levels of BCR present at the ce ll surface usi ng FITC label led anti -Fcll 
(Mc244G I 0) (a), mean values ± SD from three independent experiments. Levels of 
bound mAb assessed usi ng FITC labe lled goat anti-mouse F(ab' )2 (b). Cells were 
analysed by flow cytometry and leve ls of BCR present normalised to ce ll s treated with 
contro l mAb. The mAb used were as detai led in Figure 4. 1. 
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Figure 4.9 Immunoprecipitaion of BCR complexes from EHRB cell lysate 
with various mAb. EHRB cells (4xI06) were treated with 10 Ilg/ml mAb following 
lysis in I % digitonin and 2 hours incubation at 40 C with agitation . 20 III protein A 
coupled to sepharose beads was added and samples incubated overnight at 40 C with 
constant agitation. lmmunoprecipitated protein was resolved on 12.5% SDS-PAG E 
gels and levels of IgM and CD79b were identified using HRP directly labe lled anti-Il 
Ab, or anti -CD79b (ATI 07/2) mAb and a relevant HRP labelled secondary Ab. mAb 
used are as follows: Irr, CP1 / 17: FCIl, M 15/8: Fdll, XG9: Id, ZLl611 : Ie, Mc24IC6: 
CD79a, ZL7/4: and CD79b, ATIOS/ 1. Representative of three independent 
experiments. 
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4.2.5 Detecting BCR complexes bound at the cell surface using different mAb. 

Since we could use mAb to pull down complete BCR complexes from cell lysates of EHRB 

cells, we next wanted to investigate if the BCR remained intact after binding of the mAb to 

the cell surface. Before we could investigate the type of BCR immunoprecipitated from the 

surface of EHRB cells we needed to develop a method that could be confidently used within 

the laboratory. 

4.2.5.1 Development and optimising a method for immunoprecipitating BCR from the 

surface of EHRB cells. 

4.2.5.1.1 Influence of mAb binding time on BCR immunoprecipitate. 

The first step was to investigate ti BCR could be immunoprecipitated from the cell surfaces, 

and to also investigate whether the incubation time of the mAb had an influence on the 

amount and nature of the BCR that were immunoprecipitated. Initially, EHRB cells were 

treated with mAb directed at the FCIl and Fdll domains of mlgM and the CD79 heterodimer 

for 30 minutes on ice, before being washed and then incubated for 1, 5, 15 or 60 minutes at 

37°C. Cells were then washed in ice cold PBS prior to lysis in 1 % digitonin, complexes 

were pulled out with protein A, and immunoblotted as detailed above. 

Figure 4.10 shows that cells treated with the anti-Fcll mAb immunoprecipitated more mlgM 

compared with cells treated with the anti-Fdll mAb. Only relatively small amounts of 

mIgM were immunoprecipitated when cells were treated with a combination of I11Ab 

directed at the CD79 heterodimer. Interestingly, unlike cells treated with the anti-FdIlI11Ab. 

mIgM complexes immunoprecipitated with the anti- FCIl mAb failed to show the presence 

of CD79b. Cells treated with the anti-CD79b mAb alone, immunoprecipitated CD79b 

complexes, but cells treated with CD79a failed to immunoprecipitate any BCR complexes. 

Importantly, the length of time cells were incubated with the mAb had no affect on the 

amount and nature of proteins immunoprecipitated; this suggests that the BCRcol11plex 

immunoprecipitated by the anti-BCR mAb may be due to the binding of the mAb and not a 

cellular response. 
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Figure 4.10 Influence of mAb binding time on immunoprecipitated BCR 
complexes. EHRB cells (4x 106) were treated with the relevant mAb (10 IJ.g/m I) for 
30 minutes on ice, samples were then washed once and incubated for times indicated at 
37°C. Cells were then removed and washed twice before being lysed in I % digitonin . 
Lysates were incubated with 15 IJ.I protein A beads overnight at 40 C with constant 
agitation. Protein A beads were washed four times in ice cold lysis buffer and bound 
protein separated on 12.5% SDS-PAGE gels, transferred to PYDF membranes and 
probed for the presence ofmlgM and CD79b. Cells were stimulated with the following 
mAb: Irrelevant control, CPI/17: FcIJ., M 15/8: FdIJ., XG9, CD79a, ZL 7/4, CD79b, 
AT 105/1 , and CD79a + b, ZL 7 /4 + AT 105/ I. Representative of three independent 
experiments. 
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4.2.5.1.2 Influence of mAb binding time at 4°C on immunoprecipitated BCR from 

EHRB cells. 

Since at 37°C incubation times did not influence the amount of BCR immunoprecipitated 

with each anti-BCR mAb, it was important to determine whether this was influenced by the 

initial binding at 4°C. To address this, EHRB cells were incubated with the various mAb at 

4°C for 15, 30 or 60 minutes. Aliquots of the cells were then washed and assessed for levels 

of bound mAb, while incubating the remainder of the samples for 5 minutes at 37°C. Figure 

4.11 shows that increasing the binding time at 4°C had little effect on the level of mAb 

bound, as assessed by flow cytometry, or the amount of mlgM immunoprecipitated. 

Monoclonal Ab directed at the FCIl domain of the BCR still bound more mlgM than the 

other mAb used even when bound at 4°C. 

4.2.5.1.3 The effect of increasing the number of washing steps before cell lysis on levels 

of BCR immunoprecipitated. 

Another factor that could affect the amount ofmlgM immunoprecipitated with the anti-BCR 

mAb was the possibility that any free mAb remaining after stimulation might capture 

intracellular IgM released when the cells were lysed. To address this question, the number 

of wash steps following incubation of the cells at 37°C with the different anti-BCR mAb 

was increased. EHRB cells were incubated with the anti-BCR mAb, washed once as before 

in PBS prior to incubation at 37°C. Samples where then washed, either once, or three times 

in ice cold PBS prior to lysis. Figure 4.12, shows that increasing the number of washes had 

little effect on the levels of immunoprecipitated mlgM. Therefore, the BCR aggregate 

observed when cells are treated with the anti-Fcll mAb is not caused by free mAb binding to 

cytosolic/unbound IgM after cell lysis. However, by increasing the washing steps, the 

amount of mlgM and CD79b immunoprecipitated by anti-A and CD79b mAb decreased, 

suggesting that these mAb could be binding BCR complexes in the cell lysate. Samples 

were also probed for the presence of IgM and CD79b in cell pellets and supernatant that did 

not bind to protein A, in all samples the levels expressed were the same. Therefore, it was 

decided that in the main experiments a total of two washes would be appropriate as the 

majority of unbound protein and mAb would be washed away. 
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Figure 4.11 Does binding time for anti-BCR mAb at 4°C influence the 
immunoprecipitated BCR complex. 4x 106 EHRB cells were treated with various 
mAb on ice for times indicated. 2S fll of each sample was removed, washed twice in 
PBA and levels of bound mAb assessed by flow cytometry using FITC labe lled goat 
anti -mouse F(ab')2 (a). The remainder of each sample was washed once in PBS prior to 
incubation for S minutes at 370 C in a pre-warmed water bath . Samples were washed 
twice in ice cold PBS before being lysed in I % digitonin. Surface bound migM 
immunoprecipitates were identified as detai led in Figure 4 .6 (b). Irr (CP 11171), FCfl is 
MIS/8, Fdfl is XG9, CD79a is ZL7/4, and CD79b is ATIOS/1. Representative of three 
independent experiments. 
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Figure 4.12 Effect of increasing the number of washing steps on levels of 
BCR immunoprecipitated with different mAb. 4xl06 EHRB cells were treated 
with relevant mAb for 30 minutes on ice, samples were washed once in PBS prior to a 
five minute incubation at 370 C in a pre-warmed water bath. Samples were then washed 
either once or three times in ice cold PBS before lysis and immunoprecipitation of 
surface bound BCR complexes. Cell debris pellets remaining from the lysis step were 
solubalised in lOO1l1 of 2xSDS-LB and separated on 12.S% SDS-PAG E gels, 
transferred to PYDF membranes and bound protein probed for presence of IgM and 
CD79b. Remaining supernatant samples were levels of IgM or CD79b that did not bind 
to Protein A beads following overnight incubation, again protein was separated on 
12.S% SDS-PAGE gels prior to immunoblotting for IgM and CD79b. Cells were 
treated with the following mAb; Fc).! is M IS /8, Ie is M241C6, and b (CD79b) is 
AT! OSI1. Representative of at least three independent experiments 
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4.2.5.1.4 Effect of metabolic inhibitors on immunoprecipitated surface BCR. 

The next experiment was set up to investigate if inhibition of cellular metabolism had any 

affect on the nature of the BCR complex immunoprecipitated with the different anti-BCR 

mAb. Cells were either incubated with or without the metabolic inhibitors azide and 2-

deoxy glucose (2-DG), prior to incubation with mAb. These metabolic inhibitors prevent 

energy dependent events such as modulation of cross-linked BCR, allowing us to observe if 

the nature of the BCR complex immunoprecipitated with the various mAb is due to a direct 

binding phenomenon rather than an energy dependent cellular response. Figure 4.13, shows 

the same patterns of BCR immunoprecipitation as observed previously with the anti-Fcll 

mAb immunoprecipitating significantly more IgM than the other mAb regardless of 

treatment with the metabolic inhibitor. 

In addition, the cell lysate supernatant that did not bind to protein A (representing BCR that 

was not bound by the initial treatment with the anti-BCR mAb) and cell pellet (representing 

the digitonin insoluble material) were also probed for the presence of IgM and CD79b. In 

all of the samples, the levels of IgM and CD79b immunoblotted were the same, probably 

due to cytoplasmic IgM and CD79b. 

4.2.5.1.5 The effect of altering the concentrations and volumes of protein A and G on 

BCR aggregates. 

One possible explanation for the increased amount of mIgM immunoprecipitated with the 

anti-Fcll mAb compared to the other anti-BCR mAb was that the protein A loaded 

sepharose beds were in some way limiting. To investigate if this was the case, two 

experiments were devised: one to alter the amount of protein A beads used, and a second to 

alter the concentration of protein A loaded on the sepharose beads. Initially, EHRB cells 

were treated with the relevant mAb for 30 minutes on ice, washed twice with PBS, lysed in 

1 % digitonin and then incubated over night with increasing volumes of protein A coated 

sephrose beads (10 mg protein A coupled per ml of sephrose beads). 

Figure 4.14 shows that increasing the volume of protein A added to treated cell lysates 

caused a slight decrease in the amount of mIgM immunoprecipitated with anti-Fcll mAb. 

However, as before, the two anti-Fcll mAb used (MI5/8 and ZL7/5) both 

immunoprecipitated more mlgM complexes then the anti-Fdll, anti-A or anti-Id mAb. 

Therefore, although increasing the amount of protein A used should allow more anti-BCR 

mAb to bind it had no affect on the amount of mIgM immunoprecipitated. This suggests 
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Figure 4.13 Effect of treating EHRB cells with metabolic inhibitors on 
levels of BCR immunoprecipitated. 4xl06 EHRB cells were treated with or 
without I % Azide and 20 mM 2DEG for 30 minutes on ice, prior to incubation with 
various mAb for 30 minutes on ice, samples were washed once in PBS prior to a 5 
minute incubation at 370 C in a pre-warmed water bath . Samples were then washed 
twice in ice cold PBS before lysis and immunoprecipitation of surface bound BCR 
complexes. Cell debris pellets remaining from the lysis step were solubalised in 100fli 
of 2xSDS-LB and separated on 12.5% SDS-PAGE gels, transferred to PYDF 
membranes and bound protein probed for presence of IgM and CD79b. Remaining 
supernatant samples were levels of IgM or CD79b that did not bind to Protein A beads 
following overnight incubation, again protein was separated on 12.5% SDS-PAGE ge ls 
prior to immunoblotting for IgM and CD79b. Cells were treated with the followin g 
mAb; FCfl is MIS/8, A is M24IC6, and b (CD79b) is ATIOS/ 1. Representative of at 
least three independent experiments 
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Figure 4.14 Effect of different mAb classes and protein A volumes on BCR 
immunoprecipitates. 4x 106 EHRB cells treated with variolls mAb directed to 
different regions of mlgM for 30 minutes on ice. Lysed cell samples were incubated 
overnight with increasing volumes of protein A (10 mg/ml). Immunoprecipitated mlgM 
and CD79b was assessed . Cells were treated with the following mAb; lane I is M 15/8, 
lane 2 is ZL7/5, lane 3 is XG9, lane 4 is M2E6, lane 5 is Mc24IC6, and lane 6 is 
ZL 16/ I . Representation of three independent experiments . 

99 



that the 20 fll of protein A coated sephrose beads was not limiting the amount of BCR 

complex immunoprecipitated with the anti-BCR mAb. 

To address this question from another perspective, Protein A and G were coupled to 

sephrose beads at two different concentrations: either 10 mg or 2 mg of protein per ml of 

sephrose beads. Figure 4.15, shows that coupling less protein A to the beads had little 

effect, reducing the amount ofIgM complexes immunoprecipitated with anti-Fdfl and anti-A 

mAb, but not affecting mIgM complexes immunoprecipitated with anti-Fcfl mAb. These 

results were also observed when the concentration of protein G was altered, although the 

initial amount of mlgM complexes immunoprecipitated was less then that observed when 

protein A was used. 

4.2.6 BCR complexes bound at the cell surcafe differs depending on the mAb used. 

Follwing on from the investigation into the method for immunoprecipitating BCR 

complexes from the surface of EHRB cells it was decided to investigate BCR complexes 

immunoprecipitated with all of the mAb raised against the BCR. One important note for 

this experiment, was that the commercially available polyclonal anti-fl Ab used in apoptosis 

and modulation studies could not be used in these experiments, as it is raised in a different 

species (goat), and consists of F(ab')2 fragments. As such, it could not be 

immunoprecipitated with protein A coated beads. Therefore, it was decided to see if a 

combination ofmAb directed at mlgM on EHRB cells could mimic the polyclonal anti-~l Ab 

and induce high levels of apoptosis. To test this, EHRB cells were treated with: control, 

anti-Fcfl, anti- Fdfl, or a mAb mixture (anti-Fdfl, A and Id). Cells treated for 24 hours 

showed that the anti-Fcfl mAb induced highest levels of apoptosis measured with annexin 

V /PI. Cells treated with the mAb mixture induced higher levels of apoptosis when 

compared to that seen in cells treated with the anti-Fdfl and control mAb, Figure 4.16a. 

Once we had identified that a mixture of the anti-BCR specific mAb could induce apoptosis, 

we then proceeded to investigate the surface bound BCR complexes immunoprecipitated 

with the different mAb. To immunoprecipitate surface bound BCR complexes, EHRB cells 

were treated with mAb directed at the FCfl, Fdfl, A light chain and Id domain of mlgM along 

with mAb directed at the CD79a and CD79b domains of the CD79 heterodimer, either alone 

or in combination. EHRB cells were also treated with the mAb mixture detailed above 

consisting of: Fdfl, XG9; A, Mc24IC6; and anti-Id, ZL1611 mAb. Cells were treated with 
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Figure 4.15 Effect of altering the concentration of protein A and G bound 
to sepharose beads on BCR immunoprecipitates. 4x 106 EHRS cells were 
treated with various mAb for 30 minutes on ice, lysed and surface bound ml gM 
immunoprecipitated with protein A or G sepharose coupled at either 10 or 2 mg/ml of 
sepharose beads. lmmunoprecipitated mlgM was immunoblotted as detailed above . 
Cells treated with the following mAb, Irr is CP I / 17, Fc~ is M 15/8, Fd~ is XG9, and Ie is 
Mc24IC6. Representative of three independent experiments. 
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Figure 4.16 Use of a mAb mixture on BCR aggregation from EHRB cells. 
(a) EHRB cells (2x 105) ce lls were treated with the relevant mAb at a final concentration 
of 10 )1g/ml for 24 hours. The levels of apoptosis were assessed by flow cytometry 
using annexin VIPI staining and the values given are for mean percentages of apoptotic 
cells ± SO treated with the following mAb from three independent experiments: control , 
CP1117: FCIl, M 15/8; Fd)1, XG9; the mAb mixture was a combination of XG9, 
Mc24IC6 and ZL16/1. 4xl06 EHRB cells were treated w ith 10 ~Lg/ml mAb for 30 
minutes on ice, washed once and incubated for 5 minutes at 37oC. Cells were then 
washed twice in ice cold PBS prior to lysis in I % digitonin (Surface bound b) and 
incubation overnight with IS )11 protein A beads . For lysate bound samples (c), 4xl06 

cells per treatment were lysed in I % digitonin and mAb added to the lysate (I 0 ~Lg/ml) 

for one hour at 40 C with agitation. Following this IS )11 protein A was added and 
samples incubated overnight at 40 C with constant agitation . Levels of 
immunoprecipitated mIgM and C079b were identified as detailed in Figure 4 .9 . 
Monoclonal Ab used are as fo llows: Irrelevant control , CP1/17: Fc).!, M15 /8, Fd)1, XG9, 
Id, ZL1611, A,Mc24IC6, C079a, ZL7/4 : C079b, ATI0511 , C079a + b, ZL7/4 + 
ATI 05/ 1, and mAb mix is the defined mAb mixture. Representative of three 
independent experiments. 
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the relevant mAb for 30 minutes on ice, washed once in PBS and incubated for 5 minutes at 

37°C. Cells were then washed twice in ice cold PBS prior to lysis in 1 % digitonin lysate 

buffer. Celllysates were incubated overnight with protein A coupled to sepharose 4B beads 

to immunoprecipitate mAb bound to the surface BCR complex. Immunoprecipitated 

complexes were resolved on 12.5% SDS-PAGE gels and probed for the presence of BCR 

complexes using Ab directed at human IgM or CD79b. As controls, to demonstrate that all 

mAb could immunoprecipitate complete BCR complexes from celllysates, BCR complexes 

were immunoprecipitated from EHRB celllysates without pre-binding of mAb as described 

above. 

Figure 4.16b shows that as described above, when mAb is added to cell lysates, mAb 

directed at the mlgM, including the defined mAb mixture, immunoprecipitate large amount 

of IgM, compared to mAb directed at the CD79 heterodimer. Monoclonal Ab directed at 

the mIgM domain of the BCR also immunoprecipitated CD79b from cell lysates which 

appears as doublets. However, when mAb were pre-bound to the cell surface prior to lysis 

(Figure 4.1 Oc), different mIgM and CD79b were immunoprecipitated from EHRB cells. 

Anti-Fcll mAb appears to immunoprecipitate the most mIgM from the cell surface. This 

was followed by the anti-Id mAb. Monoclonal Ab directed at the Fdll, A light chain, and the 

mAb mixture, immunoprecipitated smaller amounts of mIgM, with mAb directed at the 

CD79 heterodimer immunoprecipitating no mIgM at all. Interestingly, mAb: anti-Fdll, -A 

light chain, -Id and -CD79b, co-immunoprecipitated CD79b. However, the anti-Fcll and the 

mAb mixture failed to co-immunoprecipitate any CD79b with mIgM. Interestingly, the 

CD79b immunoprecipitated with surface bound mAb was not a doublet, as 

immunoprecipitated from celllysates. Monoclonal Ab directed at the CD79b domain of the 

BCR immunoprecipitated a CD79b molecule from the cell surface that was slightly smaller 

in molecular weight than that immunoprecipitated with surface bound anti-Fdll, A and Id 

mAb, but within the size of the doublet immunoprecipitated from the cell lysate. 

4.2.7 The nature of BCR complexes immunoprecipitated from radio-labelled EHRB 

cells. 

Another way of addressing whether free mAb may be binding to intracellular IgM when 

EHRB cells are lysed is to pre-label surface proteins. Proteins immunoprecipitated with 

mAb can then be examined by SDS-PAGE to observe if they are surface of intracellular 

proteins. Therefore, we decided to radio-label surface proteins on EHRB cells with the 

radioisotope 1125. In this way, intracellular BCR proteins are excluded from the analysis as 
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they are not labelled. Briefly 1x108 EHRB cells were radio-labelled with ImC of 1125. 

EHRB cells were then treated with the anti-BCR mAb before or after lysis with 1 % 

digitonin. Figure 4.17a shows that when the anti-Fcll mAb was pre-bound to the surface of 

the cell only m1gM was immunoprecipitated without associated CD79a and b, compared 

with complete BCR complexes when the mAb is added to pre-lysed cells (Figure 4.17b). 

Monoclonal Ab raised against the Fdll and Ie-light chain domain of mIgM 

immunoprecipitated complete BCR complexes when bound to the cell surface and also 

when added to pre-lysed cells. The amount of immunoprecipitated mIgM was reduced 

compared to cells treated with the anti-Fcll mAb as shown previously. These data indicate 

that the higher level of 19M immunoprecipitated with anti-Fcll mAb is not due to mAb 

binding to intracellular BCR proteins. As before, these data show that the anti-Fcll mAb 

binds to m1gM from the surface of EHRB cells and causes the dissociation of the CD79 

heterodimer. 

4.2.8 The effect of temperature on BCR immunoprecipitated with anti-BCR mAb. 

Until now samples had always been warmed to 37°C following binding of the anti-BCR 

mAb to observe the nature of immunoprecipitated BCR complexes. As metabolic inhibitors 

had no affect on the ability of the anti-BCR mAb to immunoprecipitate BCR complexes, we 

next investigated the possibility that the nature of the BCR complex immunoprecipitated by 

the different anti-BCR mAb was entirely due to initial mAb binding and not secondary to a 

membrane redistribution event. This hypothesis suggests that the BCR complex 

immunoprecipitated by the anti-Fcll mAb may form just by binding the mAb to cells on ice. 

To address this suggestion, EHRB cells were incubated with mAb for 30 minutes on ice and 

then either heated to 37°C for 5 minutes or lysed straight away (Figure 4.18). Interestingly, 

heating the cells to 37°C for 5 minutes had no affect on the ability of the anti-Fcll to 

immunoprecipitate mIgM, and the anti-Fcll mAb immunoprecipitated large amounts of 

m1gM that was not associated with CD79b when incubated with cells on ice, independent of 

the subsequent incubation period at 37°C. This suggests that the anti-Fcll mAb can cause 

disassociation of m1gM from the CD79 heterodimer directly upon binding to the BCR 

complex, independent of any other cellular process. 
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Figure 4.17 Immunoprecipitation of BCR by surface bound or lysate bound 
mAb from radio-labelled EHRB. 1x108 EHRB cells were radio-labelled with 
1mCu ofI125. Cells were then either treated with mAb (10 Ilg/ml) prior to lysis 
in 1 % digitonin, or mAb was added to lysis buffer to investigate levels of 
labelled surface protein immunoprecipitated. Cells were treated with the 
fo llowing mAb: Irr is CPlI1 7, FCIl is M15/8 , Fdll is XG9, A is MC24IC6, 
CD79a is Z17/4 and CD79b is AT 105/ 1. Representative of several experiments. 
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Figure 4.18 The effect of incubating EHRB treated with mAb at 37°C and 
4°C on BCR immunoprecipitations. 4x 1 06 EHRB cells treated with relevant mAb 
for 30 minutes on ice and then either washed once in PBS before incubating at 370 C for 
5 minutes in a pre-warmed water bath, or washed twice in ice cold PBS prior to lysis in 
I % Digitonin. EHRB cells were also lysed in I % digitonin prior to addition of mAb as 
detailed in Figure 4.7 (WCL). Levels of mlgM and CD79b immunoprecipitated with 
surface bound and lysate bound mAb were analysed as detailed in Figure 4 .6. Ce lls 
were treated with the following mAb; Irr is CP 1/ 17, FC~l is M 15/8, Iv is Mc241C6, and b 
(CD79b) is AT 105/ 1. Representative of three independent experiments . 
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4.2.9 The effect of binding similar levels of anti-BCR mAb on immunoprecipitated 

BCR from EHRB cells. 

As shown previously, not all the anti-BCR mAb bound to the same level on EHRB cells, for 

example nearly twice as much of the anti-Fd/-! mAb bound compared to the anti-Fc/-! mAb 

(Figure 4.1). Therefore, we were interested to know, whether, when all the anti-BCR mAb 

were bound at the same level, they could immunoprecipitate the same amount of the BCR 

complex. To address this question, we performed binding experiments with each of the anti

BCR mAb to determine the concentrations required to give similar levels of bound mAb at 

the cell surface, as measured by staining with anti-mouse FITC Ab. To allow direct 

comparison of all of the anti-BCR mAb we adjusted the binding levels to that achieved 

when cells were incubated with saturating levels of the anti-CD79b mAb (10 /-!g/ml: Figure 

4.19a). The immunoprecipitation experiments were then repeated using these 

concentrations of the anti-BCR mAb (Figure 4.19b). These experiments clearly showed that 

under these conditions all of the mAb immunoprecipitated similar amounts of IgM, except 

the anti-Fc/-! mAb, which as before, immunoprecipitated high levels ofIgM. Decreasing the 

concentration of the anti-Fc/-! mAb had no affect on the amount ofIgM immunoprecipitated, 

when compared to with cells incubated with saturating concentrations of the mAb. 

4.2.10 Use ofBN-PAGE for BCR aggregation analysis 

From the extensive immunoprecipitation and SDS-P AGE experiments detailed above used 

to analyse the nature of the BCR complexes bound by the different mAb, it is clear that the 

anti-Fc/-! mAb immunoprecipitated more mIgM then the other anti-BCR mAb. 

Interestingly, the anti-Fc/-! mAb also failed to immunoprecipitate CD79b, suggesting that 

these anti-BCR mAb disrupt the BCR complex upon binding. To address the structure of 

the BCR complex more closely and investigate this theory further we decided to use a 

method that would allow the resolution of intact BCR complexes, rather than the SDS

P AGE method that disrupts the BCR complexes prior to resolution. For this reason we used 

Blue native PAGE (BN-PAGE)(30, 155) to investigate the BCR complexes 

immunoprecipitated with the anti-BCR mAb. BN-PAGE allows the separation of complete 

BCR complexes on native gels, with mIgM associated with the CD79 heterodimer. In 

addition to confirming the nature of the BCR complexes, BN-PAGE should also allow us to 

identify the size of the BCR complexes immunoprecipitated by the bound mAb, depending 

on the migration distance through BN-PAGE gels. 
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Figure 4.19 Immunoprecipitation BCR after binding equivalent levels of 
mAb on the surface of EHRB cells. (a) I xl 05 EHRB cell s were treated with 
titrating concentrations of various mAb for 30 minutes on ice and levels of bound mAb 
assessed by flow cytometry. (b) 4x 106 EHRB ce ll s were treated with either saturating 
(IO).!glm l) mAb or the concentration of mAb required to give a binding level equal to 
that with saturated anti CD79b mAb for 30 minutes on ice. Fol lowing incubation, 2SfJ. 1 
samples were removed to assess levels of bound mAb. (c) Samples were lysed in 1 % 
digitonin and bound BCR complexes incubated overnight with protein A. Samples 
were probed for the presence of immunoprecipitated IgM and CD79b as detailed in 
F igure 4 .6. Cells were treated with the fo llowing mAb; Irr is CP11l7, Fc).! is M 15/8, 
FdfJ. is XG9, A is Mc241C6, Id is ZL 16/ 1, Po ly is polyc lonal mixture, CD79a is ZL 7/4, 
and CD79b is AT 105/ 1. Representative of three independent experiments . 108 



Prior to performing these experiments, we needed to optimise the BN -PAGE method, to 

refine both the concentration and type of markers to use and to determine the volume of cell 

lysate that could be resolved using these gels (Figure 4.20a). Following extensive 

preliminary experimentation, Amersham Native markers along with ferritin at 2.5 mg/ml 

appeared to be the best, allowing identification of large complexes up to 880kD and smaller 

complexes down to 66kD. In order to obtain the maximum capacity of the BN-PAGE gels 

for resolving the cell lysates, increasing concentrations of EHRB cells were lysed in BN

P AGE lysis buffer and separated. Figure 4.20b, shows that the gel system could resolve 

lysates from up to 8x 1 06 cells and therefore, should be adequate to resolve the amount of 

protein loaded using our method. 

Another problem we predicted was the release of immunoprecipitated complexes from 

protein A. When resolving immunoprecipitated protein through SDS-PAGE, samples are 

denatured in SDS loading buffer, releasing bound protein from protein A coated beads. 

However, when using BN-P AGE, samples cannot be denatured as this would lead to the 

break up of immunoprecipitated protein complexes. Therefore, further experiments were 

carried out to determine the best method to allow disassociation of the bound mAb from 

protein A. Figure 4.21 a shows that a tris-glycine elution buffer with a pH of pH2.5 gave 

optimal elution of bound mAb. However, since it was thought that at this low pH, 

disruption of the BCR complex would occur, a tris-glycine buffer with pH4.5 was chosen 

for the experiments as this was still able to elute the majority of the mAb. 

To see if our method worked, we treated 4xl06 EHRB cells with irrelevant control, anti-Fql 

or anti-Fdll mAb for 30 minutes on ice. Samples were then washed twice in PBS before 

being lysed in 1 % digitonin BN-PAGE lysis buffer. Supernatants were incubated over night 

with protein A coupled to sephrose and samples were then washed four times in lysis buffer 

before the addition of 20 III of 0.1 M tris-glycine elution buffer and incubated for 30 

minutes at room temperature. Samples were then resolved through 16 to 5.5% gradient BN

P AGE gels, protein transferred to PVDF membrane and immunoblotted for mIgM using 

HRP-labelled anti-Il Ab. Figure 4.21 b shows that pH4.5 elution buffer allows disassociation 

ofBCR complexes from protein A coated sepharose beads. Samples eluted using the pH2.5 

elution buffer showed increased levels of eluted mIgM, which appeared to smear through 

the upper section of the gels, whereas the pH7.0 elution buffer eluted very little of the bound 

mIgM. For these reasons, in subsequent BN PAGE experiments, 4x 1 06 cells were lysed per 
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Figure 4.20 Optimisation of BN-PAGE for cell lysate concentration and 
markers. (a) Various markers at a fi nal concentration of 2.5 mglml were separated by 
BN-PAGE fo llowed by staining with Coomassie blue stain. Gel loaded as fo llows; lane 
I is Amersham Native marker (ANm, 51l1), lane 2 is ANm (1OIl I), lane 3 is ANm (20IlI), 
lane 4 is Jg mixture (1OIl I), lane 5 is aldolase (158kD, lOllI), lane 6 is catalase (232kD, 
101l1), lane 7 is thyroglobu lin (670kD, 101l1), and lane 8 is ferritin (880 and 440kD, 
I Oll l). (b) EHRB cell s at different concentrations were lysed in I % digitonin and 
separated on BN-PAGE fo llowed by protein staining using Coomassie blue. Gel loaded 
as fo ll ows; lane I is 10111 ANm, lane 2 is 0.75x 105 EHRB, lane 3 is 1.5x I 05 EHRB, lane 
4 is 3x 105 EHRB, lane 5 is 6x 105 EHRB, lane 6 is 12x 105 EHRB, lane 7 is empty, lane 8 
is thyroglobulin and cata lase (20Il I), and lane 9 is feretin and fldo lase (20~tl) . 

Representative of at least two independent experiments . 
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Figure 4.21 Comparison of elution of BCRImAb complexes from protein A 
beads using various pH buffers. (a) Anti-~L mAb M 15/8 (1.6 mg/ml) was loaded 
onto a Seph4B prote in A column (10 mg/m l), and then bound mAb was eluted using 
various 0.1 M tris-glyc ine buffer of various pH. (b) 4x 106 EHRB cells were treated with 
various anti-BCR mAb for 30 minutes on ice prior to lysis us ing 1 % digitonin and BCR 
complexes were immunoprecipitated overn ight using protein A coated beads. Protein A 
beads were then washed fo ur times w ith ice cold lysis buffer, and incubated with 20 III 
0.1 M tirs-glyci ne buffer at various pH (2 .5, 4.5 or 7.0), for 30 minutes at room 
temperature. Protein A beads were then pu lse spun , and 10 II I supernatant separated on 
BN-PAGE ge ls, and immunoblotted for presence of mIgM as detai led in Figure 4.16. 
Ce lls were treated w ith the fo ll owing mAb; Irr is CP 1117, FCIl is M 15/8, and Fdll is 
XG9. Representative of at least three independent experiments. 
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sample and pH 4.5 elution buffer was used to elute the immunoprecipitated BCR 

complexes. 

As well as resolving immunoprecipitated complexes, whole cell lysates were also assessed 

by BN-PAGE. It was thought that aggregation of large BCR complexes from EHRB cells 

treated with the anti-BCR mAb may be able to be distinguishable in these cells, compared 

with cells treated with the control mAb. In addition, samples were resolved as complete 

complexes or denatured with SDS prior to running them on BN-PAGE. Figure 4.22 shows 

the results obtained from EHRB cells treated with control, anti-Fc).! or anti-Fd).! mAb. Anti

Fc).! mAb immunoprecipitated a mIgM complex of higher molecular weight compared to 

that immunoprecipitated with the anti-Fd).! mAb. However, when SDS was added multiple 

smaller bands of mIgM were observed. This appeared similar when BCR complexes were 

immunoprecipitated with either the anti-Fc).! or the anti-Fd).! mAb. Interestingly, as with the 

SDS-PAGE analysis, more mIgM was immunoprecipitated when EHRB cells were treated 

with anti-Fc).! mAb compared to anti-Fd).! or control treated cells. Whole cell lysates from 

cells treated with the different anti-BCR mAb showed the presence of multiple IgM 

complexes. As no differences were observed between the results with anti-Fc).! and anti-Fd~l 

mAb, whole celllysates were not investigated further. 

4.2.11 BN-PAGE analysis of complexes from EHRB cells treated with mAb 

Once the BN-PAGE technique had been optimised, EHRB cells were treated with the anti

BCR mAb and immunoprecipitated BCR complexes separated by BN-PAGE. Two 

different concentrations of resolving gels were used to ensure optimal resolution. Figure 

4.23, shows that as with SDS-PAGE gels, cells treated with the anti-Fc).! mAb 

immunoprecipitated mIgM but no CD79b, although the mIgM complex immunoprecipitated 

was again of a higher molecular size then the BCR complex immunoprecipitated with the 

anti-Fd).! mAb (IgM and CD79b migrated at the same position). A complete BCR complex 

was shown by the presence of mIgM and CD79b which when immunoblotted, were 

detected. In cells treated with the anti-A, anti-Id and the mAb mixture, complete BCR 

complexes were immunoprecipitated, shown by mIgM and CD79b that both immunoblotted 

at the same position on the BN-PAGE gel. Interestingly, the amount of CD79b 

immunoblotted from cells treated with the mAb mixture, used to mimic the polyclonaJ 

reagent, was reduced, compared to cells treated with the other anti-BCR mAb directed at 

mIgM, again in accordance with the SDS-PAGE results. Cells treated with the anti-CD79b 

112 



(a) 

(b) 

880kD-.. 
669kD-.. 

440kD-.. 

880kD-.. 

669kD-.. 

440kD-.. 

-SDS 

Irr Fcjl. Fdjl. 

-SDS 

Irr Fcjl. Fdjl. 

+ SDS 

Irr Fcjl. Fdjl. 

Protein A IP 

+ SDS 

Irr Fcjl. Fdjl. 

Lysate blot 

Figure 4.22 Separation of BCR complexes immunoprecipitated from EHRB 
cell line using BN-PAGE. 4x 106 cells treated with various mAb for 30 minutes on 
ice prior to lysis in I % digitonin buffer. BCR complexes were then either 
immunoprecipitated overnight with protein A (a) or lysate was directly separated by BN
PAGE gels following incubation with or without 10% SDS (b). Immunoprecipitated 
samples were eluted off protein A beads using 0.1 M tris-glycine buffer, pH4.S. BCR 
complexes were immunoblotted for presence of IgM as detailed in Figure 4.16. Ce ll s 
were treated as follows; - is CP1117, FCfl is MIS/8 and Fdfl is XG9. Representative of 
three independent experiments. 
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Figure 4.23 BN-PAGE analysis of BCR complexes immunoprecipitated from 
EHRB cells treated with various mAb. 4x 106 EHRB cells were treated with 
various mAb prior to lysis in I % digitonin. Bound BCR complexes were 
immunoprecipitated with protein A beads overnight at 4oC. BCR complexes were eluted 
from beads using 0.1 M tris-glycine buffer pH4.S and separated by either 16-S.S% BN
PAGE (a), or 12.S-S .S% BN-PAGE gels (b). Separated protein was immunoblotted for 
presence or mlgM and CD79b as described previously. Cells were treated with the 
fo llowing mAbs; Irr is CP1/ 17, FCIl is M IS/8, Fdll is XG9, Ie is Mc24IC6, Id is ZLl6/ 1, a 
is ZL7/4, b is AT10S/ I, and Poly is polyclonal mixture. Representative of at least two 
independent experiments. 
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mAb immunoprecipitated CD79b, but only small amounts of mlgM, where the anti-CD79a 

mAb only appeared to imrnunoprecipitate small amounts of mlgM not associated with 

CD79b. Interesingly, the size of the CD79b protein immunoprecipitated varied depending 

on the anti-BCR mAb used. The anti-CD79b and anti-A mAb immunoprecipitated a smaller 

protein compared to the anti-Fdll, anti-Id and polyc1onal anti-Il Ab. 

4.2.12 The use ofthesit detergent to investigate BCR complexes 

Following the successful application of BN-PAGE, it was decided to use thesit detergent, a 

slightly stronger non-ionic detergent at titrating concentrations. This was to investigate the 

strength of the association of the CD79 heterodimer with mlgM when BCR complexes were 

immunoprecipitated from EHRB cells treated with either the anti-Fcll or anti-Fdll mAb. 

Figure 4.24 shows that, as shown previously, cells treated with the anti-Fcll mAb only 

immunoprecipitated mlgM complexes and not CD79b. Anti-Fdll mAb immunoprecipitated 

complete BCR complexes, which were not disrupted as the concentration of thesit in the 

lysis buffer increased. Therefore, anti-Fcll mAb appears to only immunoprecipitate large 

mlgM complexes not associated with CD79b, compared to cells treated with other anti-BCR 

mAb directed at the mlgM domain of the BCR which immunoprecipitated complete BCR 

complexes. 

4.2.13 The association of BCR with lipid rafts from EHRB cells treated with the anti

BCRmAb. 

Another method used to investigate the effect of mlgM cross-linking on B cell activation is 

sucrose density gradient centrifugation. This method allows analysis of protein 

translocation into lipid insoluble fractions of the plasma membrane rafts, upon cross-linking 

mlgM with mAb(118). Following treatment of EHRB cells with either: anti-Fcll, anti-Fd~l. or 

polyc1onal anti-Il Ab, cells were lysed with 1 % TX-100 lysis buffer, layered onto 

continuous sucrose gradients and separated overnight by centrifugation at 45,000 rpm. 

Sequential 0.5 ml fractions were removed and resolved by SDS-PAGE. The BCR in each 

fraction was probed using anti-Il and anti-CD79b Ab. Figure 4.25 shows that the majority 

of IgM resides in the lipid soluble fractions (5 to 10) when cells were treated with the 

control mAb. However, when cells were treated with either the anti-Fcll, or polyc1onal anti

Il Ab, small amounts of IgM translocated into the lipid insoluble fractions (Fractions 1 to 4). 

These fractions were confirmed to be the lipid insoluble fractions by the use of an anti-PAG 

mAb. PAG has previously been shown to have a higher expression in the lipid insoluble 

fractions of the plasma membrane. The P AG fraction is highest in fraction 3 indicating that 
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Figure 4.24 Use of thesit detergent on BCR complexes separated by BN
PAGE. 4xl06 EHRB cells were incubated with either anti-Fcll (M 15/8, a) or Fdll 
(XG9, b) mAb for 30 minutes on ice. Cells were lysed in various concentrations of thesit 
detergent or I % digitonin buffer and BCR complexes were immunoprecipitated with 
protein A beads and separated on 12.5-5.5% BN-PAGE gels as detailed in Figure 4.20. 
The presence of BCR complexes was assessed by immunoblotting for either mlgM or 
CD79b. Cells were lysed in the following detergents; lane I is 1 % Thesit, lane 2 is 0.5% 
Thesit, lane 3 is 0.1 % Thesit, lane 4 is 0.06% Thesit, lane 5 is 0.03% Thesit, lane 6 is 
0.0 I % Thesit and lane 7 is 1 % digitonin. Representation of at least two independent 
experiments. 
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Figure 4.25 Lipid raft analysis of BCR complexes from EHRB cells 
stimulated with various mAb. 2xl07 EHRB cells were treated with various Ab 
(25flg/106 cells) for 30 minutes on ice, washed in PBS and incubated at 370 C for 5 
minutes in a pre-warmed water bath . Samples were washed twice with ice cold PBS and 
followed by lysis in TX-I 00 MES lysis buffer. Samples were separated over continuous 
Optiprep gradients at 45,000rpm for 16 hours at 4oC. Equal fractions were removed , 
separated on 12.5% SDS-PAGE gels, transferred to PYDF membranes and 
immunoblotted for the presence of fgM and CD79b as detailed in Figure 4 .7. Fractions 
containing the presence of lipid raft insoluble fractions were detected using anti-PAG 
mAb, followed by appropriate HRP labeled secondary Ab. Cells were treated with the 
following Ab; control is CP1I17, FCfl is M 15/8, Fdfl is XG9, and Polyclonal Ab. 
Representative of three independent experiments. 
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this area of the lipid raft assay contains the lipid insoluble fractions. The mIgM of cells 

treated with the anti-Fdll mAb failed to translocate IgM into the lipid insoluble fractions. 

Interestingly, CD79b did not translocate into lipid insoluble fractions from cells stimulated 

with either the anti-Fcll or polyc1onal Ab, although IgM translocated with both treatments. 

A more rapid, refined method used for investigating movement of proteins into lipid 

insoluble fractions was also employed as described by(153). This method involves lysis of 

treated cells with 1 % TX-I00 lysis buffer and separation into pellet and lysate fractions by 

centrifugation at 16,OOOg for 15 minutes at 4°C. EHRB cells were treated with either 

control, anti-Fcll, anti-Fdll and as a positive control for raft redistribution, the anti-CD20 

mAb Rituximab. Following treatment, lysis and separation, supernatant from treated 

samples was removed and the soluble and insoluble fractions were resolved by SDS-PAGE, 

transferred to PVDF membrane and probed for the BCR using anti-Il or anti-CD79b Ab. As 

a method and loading control, blots were re-probed for P AG, CD20 and ~-actin. These data 

demonstrate that, as expected, P AG was present only in the insoluble pellet fraction. 

Similarly, CD20 was shown to be redistributed into the insoluble fraction following 

Rituximab treatment. Thus such, these data validate the technique for detecting 

redistribution events. Regarding BCR redistribution, Figure 4.26a shows that cells treated 

with the anti-Fcll mAb showed increased amounts of mIgM in the insoluble/pellet fraction 

compared to cells treated with the anti-Fdll mAb. Again, CD79b did not translocate into the 

insoluble fraction of cells treated with the anti-Fcll mAb. In fact, the level of CD79b 

present in the insoluble fraction did not change regardless of which mAb was used to cross

link the BCR. Subsequently, the experiment was repeated several times and the amount of 

IgM and CD79b in the pellet or lysate fraction was quantitated using densitometry. These 

data are shown in Figure 4.26b, and demonstrate that about 20% of IgM was moved into the 

pellet fraction when cells were treated with the anti-Fcll mAb, compared to cells treated 

with the other mAb, where the amount of IgM present in the pellet fraction did not change 

when compared to cells treated with the irrelevant control mAb. 
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Figure 4.26 Analysis of BCR complexes in TX-IOO insoluble and soluble 
fractions. 4x 106 EHRB cells were treated with various mAb (I Oflglml) for 30 minutes 
on ice. Samples were then lysed in TX- \ 00 lysis buffer. Supernatant was removed 
(lysate, L) and pelleted (pe llet, P) debris was washed four times in ice cold lysis buffer 
prior to so lubalising in SOS-LB . (a) Protein was separated on 12% SOS-PAGE gels, and 
immunob lotted for presence of IgM and C079b in pe ll et of lysate fractions as detailed 
previously. For controls blots were probed for the presence of C020 (70 I, I: I 00), anti
PAG, and anti ~-Actin (I: 14000), fol lowed by addit ion of appropriate secondary Ab. 
Representative of three independent experiments . (b) Levels of IgM and C079b present 
in lysate and pellet fractions were analysed us ing densitometry and calculated to 
percentage in each fraction , mean values ± SO from three independent experiments. 
Cells were treated with the following mAb; Control (lrr) is CP 1117, FCfl is M 15/8, Fdfl is 
XG9, and Ritux is Rituximab. 
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4.3 Discussion 

The main aim of this chapter was to investigate the cellular mechanisms which allow the 

anti-Fcll mAb to induce apoptosis when bound to the BCR. From the previous chapter, it is 

clear that there are differences in the length of signal induced by the binding of different 

anti-BCR mAb. One explanation for the prolonged signalling caused by anti-Fcll mAb is 

that the mAb could be holding the BCR at the cell surface for a longer period of time, 

compared to other anti-BCR mAb that do not induce apoptosis. One possible explanation 

could be that mAb which induce apoptosis hold the BCR in lipid rafts for a prolonged 

period of time, leading to prolonged signalling and cell death. Therefore, we also wanted to 

investigate the nature of the BCR complex associated with the different mAb. 

Initial experiments were set up to observe the level of mAb bound to the BCR. 

Interestingly, these results indicate that the anti-BCR mAb that do not induce apoptosis 

(anti-Fdll, A light chain and Id mAb); bound twice as much compared to the anti-Fcll mAb 

that induces apoptosis. One explanation for this, suggests that the anti-Fdll, A or Id mAb 

may bind to a single BCR, whereas the anti-Fcll mAb may bind to two separate BCR. 

These binding levels appear to fit in with observations made by Elliott, et al. Y 79). Their 

data suggest that anti-BCR mAb which bind between mIgM (bigamously), like the anti-Fc/-l 

mAb, provide protection from lymphoma in animal models. Conversely, the anti-BCR mAb 

which bind to a single mIgM molecule (monogamous binding), fail to protect against ill

vivo tumour challenge. Therefore, bigamously bound mAb could induce apoptosis by 

effectively cross-linking mIgM and holding the BCR at the cell surface for longer periods of 

time, allowing prolonged signalling. 

One possible way of sustaining the intracellular signal would be to retain the BCR at the cell 

surface for a longer period of time. As mentioned above, the BCR held at the surface for a 

prolonged period of time could interact with an increased number of PTK located within the 

lipid raft as suggested by Pierce, et al.,o 18) and this may lead to cellular apoptosis. 

Therefore, we wanted to know if this sustained signal was caused by the BCR being 

retained at the cell surface when cells were treated with the anti-Fcll mAb. An important 

fact in B cell immunology is that BCR bound with antigen or Ab readily intemalise, a 

process that allows antigen to be processed and presented to T cells via MHC class II 

molecules(3). Interestingly, on the EHRB and BL-60 cell lines that are sensitive to apoptosis 

stimulated by anti-BCR mAb, polyclonal anti-Il Ab induced the quickest rate of mIgM 
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modulation. However, although a large proportion of mIgM was modulated when cells 

were treated with the anti-Fcll mAb, the rate of mIgM modulation was not different from 

cells treated with the other anti-IgM mAb. Monoclonal Ab directed at the CD79 

heterodimer had little effect on the amount of mIgM or CD79 modulated over short periods 

of time. However, a combination of both anti-CD79a and CD79b mAb led to an increased 

rate of mIgM modulation. These results suggest that the rate of mIgM modulation has little 

effect on the ability of anti-BCR mAb to induce apoptosis. 

Next, we decided to investigate the modulation rate of the CD79 heterodimer on EHRB 

cells. Cells treated with the anti-Fcll mAb showed a reduction in the amount of CD79a and 

CD79b modulated, compared to cells treated with anti-Fdll or anti-A light chain mAb. 

Therefore, it appears that although the anti-Fcll mAb induces rapid modulation of bound 

mIgM from the cell surface, a proportion of the CD79 heterodimer may remain. In EHRB 

cells stimulated with anti-BCR mAb that induce apoptosis, the mIgM appears to also 

dissociate from the CD79 heterodimer. Previous studies have shown that mIgM of anergic 

B cells physically dissociate from the CD79 heterodimer, preventing generation of 

intracellular signals upon binding of antigen(l80, 181). However, as discussed in the previous 

chapter, cells treated with the anti-BCR mAb that induce apoptosis continue to signal for up 

to 1 hour following treatment with mAb. As mIgM may disassociate from the CD79 

heterodimer, it is likely that mIgM is modulated leaving the CD79 heterodimer at the cell 

surface in contact with PTK. As the CD79 heterodimer is not internalised, the signalling 

cascade is not shut down, leading to prolonged signalling and apoptosis. 

To confirm that the anti-Fcll mAb causes disassociation of mIgM from the CD79 

heterodimer, we devised a method that would allow immunoprecipitation of anti-BCR mAb 

along with bound BCR complexes. Cells were lysed with 1 % digitonin lysis buffer. 

Digitonin allows whole BCR complexes to be isolated from the cell without disruption of 

the complete BCR complex(I09)., 

An interesting observation from the immunoprecipitation experiments was that different 

anti-BCR mAb bound to the cell surface immunoprecipitated different amounts of mIgM. 

Interestingly, complete BCR complexes were not immunoprecipitated when EHRB cells 

were treated with the anti-Fcll mAb as large amounts of mIgM were immunoprecipitated 

that were not associated with CD79b. We knew that when the anti-Fcll mAb was added to 

celllysates whole BCR complexes could be immunoprecipitated, shown by the presence of 
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19M and CD79b and therefore this defect was not due to an inability of the mAb to IP the 

whole BCR per se. As expected, the other anti-BCR mAb raised against the m1gM domain 

of the BCR bound the whole BCR complex, but the amount of mIgM immunoprecipitated 

was smaller than the amount immunoprecipitated with the anti-FcJ.! mAb. When developing 

this immunoprecipitation method, differences in the amount of CD79b immunoprecipitated 

with mIgM were observed, depending on the number of times the Sepharose beads were 

washed in cold lysis buffer. This could be due to either free CD79b protein binding to the 

Sepharose beads, or the disruption of the BCR complex as CD79b is ionically bound to 

mIgM. Therefore, this method, although giving good preliminary data needs to be more 

thoroughly investigated for future use. 

This phenomenon clearly acted independently of cellular mechanisms. Inhibition of cellular 

metabolic activity with specific inhibitors, or binding anti-BCR mAb on ice without 

warming the cells to 37°C, fails to prevent immunoprecipitation of these large m1gM 

complexes immunoprecipitated with the anti-FcJ.! mAb. This suggests that these large 

immunoprecipitated mIgM complexes could be caused directly by binding of the mAb to 

the BCR, and not due to a cellular response. 

Together, these results suggest that the anti-FdJ.!, A, or Id mAb immunoprecipitated single 

complete BCR complexes. This is due to the fact that these mAb immunoprecipitated less 

mIgM, probably because they bind monogamously to the BCR, with one Ab molecule 

binding to one mIgM molecule. Anti-FcJ.! mAb that could bind bigamously between BCR 

complexes, immunoprecipitated more mIgM, as one Ab molecule can bind to two m1gM 

molecules. To help prove this theory, EHRB cells were incubated with concentrations of 

mAb that gave equal levels of bound mAb. However, the anti-FcJ.! mAb still 

immunoprecipitated more mIgM compared to the other anti-BCR mAb, even when the same 

amount ofmAb was bound at the cell surface as the other anti-BCR mAb. 

Another theory for the large amounts of mIgM immunoprecipitated with anti-FcJ.! mAb was 

that free mAb that had not bound to surface mIgM was available to bind to cytosolic 19M 

when the cells were lysed, prior to immunoprecipitation. To address this question, EHRB 

cells were surface radio-labelled with 1125 and BCR complexes immunoprecipitated 

following binding of mAb to surface BCR, or addition of mAb to cell lysates. Results 

showed that the level of surface mIgM immunoprecipitated with the anti-FcJ.! mAb was 

greater than that observed when cells were treated with the other anti-BCR mAb. Cell 
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lysates showed that all anti-BCR mAb directed at different regIOns of mlgM 

immunoprecipitated complete BCR complexes, shown by the presence of mlgM and the 

CD79 heterodimer. 

Monoclonal Ab directed at the CD79 heterodimer did not immunoprecipitate any mlgM. 

CD79b could only be immunoprecipitated from cells treated with the anti-CD79b mAb and 

not the anti-CD79a mAb. This suggests that binding of CD79 mAb to the BCR could 

spatially disrupt the BCR complex, this may also account for the low levels of BCR 

internalised from the surface of different cell lines treated with either the anti-CD79a or 

anti-CD79b mAb alone. Interestingly, when combinations of the anti-CD79a and b mAb 

were used, an increase in the amount of internalised mlgM was observed. However, only 

very small amounts of mlgM were immunoprecipitated when EHRB cells were treated with 

a combination of the anti-CD79a and b mAb. This could imply that the anti-CD79 mAb 

causes a disassociation of mlgM from the CD79 heterodimer upon binding that does not 

induce apoptosis; this could be due to the anti-CD79 mAb failing to pull the BCR into lipid 

rafts or successfully disrupting an oligomaeric BCR. This aspect of BCR disruption at the 

cell surface needs to be investigated further; perhaps using fluorescent microscopy to 

observe what happens to the bound BCR complexes at the cell surface. 

There have been two major theories recently proposed for initiation of intracellular signals 

upon BCR cross-linking. The first theory, proposed by Reth, et al., (30,42) suggests that upon 

binding of Ag, the BCR which exists as an oligomer on the cell surface is disrupted. The 

disruption of the BCR oligomer blocks the interaction of the PTP: SHP with the PTK: S yk, 

allowing Syk to phosphorylate and bind to the cytoplasmic IT AM motifs located on the 

CD79 heterodimer(30, 128), causing the initiation of the BCR signal. One way to investigate 

this theory is to use a new method of PAGE, known as BN_PAGE(ISS, 182), which has been 

adapted to allow separation of complete BCR complexes(30). 

Therefore, BN-P AGE was adapted to allow us to investigate the nature of the BCR 

complexes immunoprecipitated by the different anti-BCR mAb. We were also interested to 

know ifthere were differences in the size of the BCR complex immunoprecipitated with the 

anti-Fcll mAb, compared to BCR complexes immunoprecipitated with other anti-BCR mAb. 

BN-PAGE showed that the anti-Fcll mAb immunoprecipitated a slightly larger complex 

than the anti-BCR mAb directed at other regions of mlgM. The size of the complete BCR 

complex immunoprecipitated with the anti-Fdll, anti-A, and anti-Id mAb was in the 
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molecular range shown by Schamel and Reth(30) to be an oligomeric BCR. Therefore, the 

anti-BCR mAb that do not induce apoptosis could bind monomerically to a single complete 

BCR complex, this single BCR complex then remains part of an oligomeric complex 

containing more than one BCR. However, as shown with SDS-PAGE, the anti-Fcll mAb 

did not imrnunoprecipitate complete BCR complexes when resolved on BN-PAGE. CD79b 

was shown not to be associated with mIgM immunoprecipitated with anti-Fcll mAb. 

compared to the other anti-BCR mAb that co-immunoprecipitated both mIgM and CD79b. 

The large mIgM complex immunoprecipitated with the anti-Fcll mAb could be accounted 

for by the fact that the mAb bind bigamously to two mIgM molecules. If the mIgM are still 

in an oligomeric complex, then one anti-Fcll mAb could bind between complexes 

immunoprecipitating larger amounts of mIgM, as observed. 

Our results suggest that the anti-Fcll mAb may bind bigamously between BCR, disrupting 

the BCR oligomeric complex. This disruption could lead to the CD79 heterodimer 

disassociating from mIgM, allowing prolonged intracellular signalling and induction of 

apoptosis. This would fit in with the theory proposed by Reth, et al., (30,42, 128) who have 

shown that activation of intracellular signalling cascades of B cells involves BCR in an 

oligomeric complex. However, BN-PAGE has never been used to observe the effects of 

mAb bound to oligomeric BCR complexes. It has also never been reported that anti-BCR 

mAb can cause a disassociation of the CD79 heterodimer from mIgM. Another interesting 

observation from the BN-PAGE gels was that different mAb immunoprecipitated CD79b 

associated with mIgM that were of different sizes. This may be due to different 

glycosylation states of CD79b, which have been reported by Payelle-Brogard, et al.Y92J• 

Another theory is that CD79b could be differentially phosphorylated, depending upon the 

mAb used to cross-link the BCR complex. However, both of these ideas need to be 

investgated further beforte a conclusion can be reached. 

The second, more popular theory to explain initiation of intracellular signalling cascades 

upon cross-linking BCR proposes that cross-linked BCR translocate into lipid raft domains 

of the plasma membrane(114). Therefore, we decided to investigate the association of BeR 

complex with lipid rafts upon cross-linking with different anti-BeR mAb. Initial lipid raft 

immunoblots showed that a small amount of the BeR complex translocates into lipid rafts 

following ligation with the anti-Fcll and polyclonal anti-Il Ab. This was compared to cells 

treated with the anti-Fdll or control mAb, where the BeR remained in the lipid soluble 

fraction. However, lipid raft immunoblots showed that following incubation of cells with 
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either the anti-Fcfl or polyclonal anti-fl Ab, a proportion of the BCR remained in the soluble 

fractions. Previous work has suggested that only 30 to 40% of the BCR translocates into 

lipid rafts following cross-linking(l14, 118), however, in our hands, the percentage appeared to 

be much lower. The reasons for this difference are uncertain. 

Interestingly, the CD79b heterodimer did not translocate into lipid raft fractions following 

cross-linking BCR with anti-BCR mAb, assessed with both the sucrose density gradient and 

lipid/pellet methods. This suggests that the CD79 heterodimer remains outside lipid rafts in 

EHRB cells following BCR cross-linking with all of the anti-BCR mAb. This does not 

agree with Pierce's theory that complete BCR translocate into lipid rafts rich in the Src 

family kinase, Lyn, initiating BCR signalling following BCR cross-linking(114). These 

results again add support to the oligomeric BCR complex theory proposed by Reth, et ai., (30, 

128) that suggest BCR signalling is initiated by the PTK: Syk, upon BCR cross-linking. 

In conclusion we have shown that anti-BCR mAb that induce apoptosis of the BCR 

sensitive cell line EHRB, leads to a physical disassociation of mIgM from the CD79 

heterodimer. However, as discussed in the previous chapter, these anti-BCR mAb that 

induce apoptosis cause prolonged intracellular signalling for up to 1 hour after stimulation. 

Therefore, in this model we suggest that cross-linking the BCR with the anti-Fcfl mAb 

causes a disassociation of the CD79 heterodimer from mIgM, where the CD79 heterodimer 

remains at the cell surface signalling for a prolonged period of time. Further to this, we 

believe that mIgM translocates into lipid raft domains upon cross-linking with anti-Fc~L 

mAb, where it is internalised leaving activated CD79 heterodimers in the lipid soluble 

region of the cell membrane to continue signalling with the PTK: Syk, leading to apoptosis. 
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Chapter 5 

Identification and characterisation of an alternative transcript of murine CD79b 

5.1 Introduction 

CD79b fonns one half of the CD79 heterodimer which is vital for initiating intracellular 

signalling pathways following cross-linking of the BCR(4). An alternative transcript of 

human CD79b has also been reported by Hashimoto, et aI., (138). Alternative mRNA splicing 

is an important mechanism for allowing production of multiple proteins that have distinct 

functions from single genes(143). In this truncated transcript the whole of exon three is 

deleted fonning an alternative transcript that lacks the Ig-like extracellular domain 

(h~CD79b). 

Although there have been several mutations of human CD79b reported in the literature(1341, 

the alternative transcript of CD79b is of most interest as its over-expression has been 

reported in human B-CLL samples(l34, 140). Work by Cragg et aI., (141) within this laboratory 

identified that h~CD79b, when over-expressed in human B cell lines, inhibited BCR 

induced apoptosis. Therefore, the aim of this chapter was to investigate whether an 

alternative transcript of CD79b is present in murine B cells (m~CD79b), and to observe 

whether it shares homology with h~CD79b. If m~CD79b does exist, it was decided to 

investigate whether expression of an alternative transcript had the same effect on inhibition 

of BCR induced apoptosis in murine B cells, as observed in human B cell lines, and to 

detennine how it perfonns this function 
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5.2 Results 

5.2.1 Identification of an alternative transcript of CD79b in murine B cells. 

As increased levels of h6.CD79b have been reported in human B cell lymphomas, it was 

decided to base the preliminary investigation of m6.CD79b on two murine B lymphoma 

models extensively used in the laboratory. As such, mRNA was extracted from splenocytes 

of animals bearing the BCLI or A31 tumours, along with splenocytes from the two host 

strains of mice; Balb/c and CBA, respectively. To perform this analysis mRNA from 1 x 1 07 

splenocytes was isolated, converted to cDNA using first strand cDNA synthesis, and PCR 

performed using primers directed towards the full length molecule of mCD79b with Taq 

polymerase. As shown in Figure 5.1, a PCR product correlating to the full length molecule 

of mCD79b (~678bp) was identified in all cDNA samples. A further, smaller ~480bp PCR 

product was also apparent which correlates to the size predicted for a truncated transcript of 

mCD79b that lacks the whole of the extracellular Ig-like domain. Interestingly this smaller 

PCR product was also detected in naIve splenocytes from the host mice not inoculated with 

the tumour cells. 

5.2.2 Sequence analysis of mACD79b. 

To determine the sequence of m6.CD79b, PCR was again performed using BCLI and A31 

cDNA and primers directed to full length CD79b but this time with Plu polymerase, to 

minimise PCR errors. Both 678 and 480bp DNA bands were extracted from agarose gels, 

ligated into Tapa sequencing vectors and transformed into TOP 1 0 pre-competent cells. 

100 ng of each PCR product was then sequenced by fluorescent sequencing and analysed 

using Chromas software. Sequencing confirmed the larger PCR product to be mCD79b and 

that the 480bp product was indeed and alternative transcript of mCD79b, which lacks exon 

3. The sequence obtained for m6.CD79b is shown in figure 5.2, together with the relevant 

sequences reported for full length murine CD79b(II), human CD79b(l83) and h6.CD79b(13B) 

(human sequences shown in blue text). It is clear from the sequence comparisons that 

m6.CD79b is highly analogous to h6.CD79b in its structure and also contains a potential 

splice site (BOLD), that leads to the exclusion of the whole of exon three. 

Differences between human and munne sequence are indicated in red in the murme 

sequence. Figure 5.2 confirms that whilst the leader sequence (exon 1) and in particular the 

extracellular domains (exons 2 and 3) of mCD79b do not share extensive homology to 

hCD79b, the transmembrane (exon 4) and intracellular domains (exons 5 and 6) of both 
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Figure 5.1 Identification of a truncated alternative transcript of mCD79b. 
mRNA was extracted from I x 107 splenocyes of mice bearing BCL I (lane I) , A3 I ( lane 2), or 
na'ive splenocytes; Balb/c (lane 4), and CBA (lane 4) and converted to eDNA . Primers 
directed to full length mCD79b were used to identify both full length mCD79b (687bp) and a 
smaller PCR product correlating to that predicted for m~CD79b compared to the no eDNA 
control (lane 5). 
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mB29 

m~B29 

hB29 

~(~------------------------------- Exon l--------------------------------
ATG GCC ACA CTG GTG CTG TCT TCC ATG CCC TGC CAC TGG CTG TTG TTC CTG CTG CTG CTC TTC 
Met Ala Thr Leu Val Leu Ser Ser Met Pro Cys His Trp Leu Leu Phe Leu Leu Leu Le u Phe 
Met Ala Thr Leu Val Leu Ser Ser Met Pro Cys His Trp Leu Leu Phe Leu Leu Leu Leu Phe 
Met Ala Arg Leu Ala Leu Ser Pro Val Pro Ser His Trp Met Val Ala Leu Leu Leu Leu Leu 

63bp 
2laa 

21aa 
h~B29 Met Ala Arg Leu Ala Leu Ser Pro Val Pro Ser His Trp Met Val Ala Leu Leu Leu Leu Leu 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB 29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

mB29 

m~B 2 9 

hB29 
h~B29 

mB29 

m~B29 

hB29 
h~B29 

~ ( Exon2) ~(--------
TCA GGT GAG CCG GTA CCA GCA ATG ACA AGC AGT GAC CTG CCA CTG AAT TTC CAA GGA AGC CCT 
Ser Gly Glu Pro Val Pro Ala Met Thr Ser Ser Asp Leu Pro Leu Asn Phe Gln Gly Ser Pro 
Ser Gly Glu Pr o Val Pro Ala Met Thr Ser Ser Asp Leu Pro Leu Asn Phe Gln 
Ser Ala Glu Pro Val Pro Ala Ala Arg Ser Glu Asp Arg Tyr Arg Asn Pro Lys Gly Ser Ala 
Ser Ala Glu Pro Val Pro Ala Ala Arg Ser Glu Asp Arg Tyr Arg Asn Pro Lys 
------------------------------------- Exon 3 -----------------------------------

126bp 
42aa 

42aa 

TGT TCC CAG ATC TGG CAG CAC CCG AGG TTT GCA GCC AAA AAG CGG AGC TCC ATG GTG AAG TTT 189bp 
Cys Ser Gln lle Trp Gln His Pro Arg Phe Ala Ala Lys Lys Arg Ser Ser Met Val Lys Phe 63aa 

* 
Cys Ser Arg l le Trp Gl n Ser Pro Arg Phe lle Ala Arg Lys Arg Gly Phe Thr Val Lys Met 63aa 

CAC TGC TAC ACA AAC CAC 
His Cys Tyr Thr Asn His *** 

TCA GGT GCA CTG ACC TGG 
Ser Gly Ala Leu Thr Trp 

TTC CGA AAG CGA GGG AGC CAG 
Phe Arg Lys Arg Gly Ser Gln 

246bp 
82aa 

His Cys Tyr Met Asn Ser Ala Ser Gly Asn Val Ser Trp Leu Trp Lys Gln Glu Met Asp Glu 84aa 

CAG CCC CAG GAA CTG GTC TCA GAA GAG GGA CGC ATT GTG CAG ACC CAG AAT GGC TCT GTC TAC 
Gln Pro Gln Glu Lys Val Se r Glu Glu Gly Arg lle Val Gl n Thr Gln Asn Gly Ser Val Tyr 

* 
Asn Pro Gl n Gl n Leu Lys Leu Glu Lys Gly Arg Met Glu Glu Ser Gln Asn Glu Ser Leu Ala 

309bp 
103aa 

105aa 

ACC CTC ACT ATC CAA AAC ATC CAG TAC GAG GAT AAT GGT ATC TAC TTC TGC AAG CAG AAA TGT 37 2bp 
Thr Leu Thr lle Gln Asn lle Gln Tyr Glu Asp Asn Gly lle Tyr Phe Cys Lys Gln Lys Cys 124aa 

Thr Leu Th r l le Gln Gly lle Arg Ph e Glu Asp Asn Gly lle Tyr Phe Cys Gln Gln Lys Cys 126aa 

* 
------------------------------------------------~)~(----------
GAC AGC GCC AAC CAT AA T GTC ACC GAC AGC TGT GGC ACG GAA CTT CTA GTC TTA GGA TTC TCA 
Asp Ser Ala Asn His Asn Val Thr Asp Ser Cys Gly Thr Glu Leu Leu Val Leu Gly Phe Ser 

Asn Asn Thr Ser Glu 
Gly Phe Ser 

Val Tyr Gln Gly Cys Gly Thr Glu Leu Arg Val Met Gly Phe Ser 

----------------------_______________________ Exon4------------------------------G-l~y~-P-h-e __ S_e_r __ 

AGC TTG GAC CAA CTG AAG CGG CGG AAC ACA CTG AAA GAT GGC ATT ATC TTG AT C CA G ACC CTC 
Thr Leu Asp Gln Leu Lys Arg Arg Asn Thr Leu Lys Asp Gly lle lle Leu lle Gln Th r Le u 
Thr Leu Asp Gln Leu Lys Arg Arg Asn Thr Leu Lys Asp Gly lle lle Leu lle Gln Thr Le u 
Thr Leu Ala Gl n Leu Lys Gln Arg Asn Thr Leu Lys Asp Gly lle lle Met lle Gln Thr Leu 
Thr Leu Ala Gl n Leu Lys Gln Arg Asn Thr Leu Lys Asp Gly lle lle Met lle Gln Thr Leu 
----------------------------------------------~) ( Exon5 ) 
CTC ATC ATC CTC TTC ATC ATT GTG CCC ATC TTC CTG CTA CTT GAC AAG GAT GAC GGC AAG GCT 
Leu lle lle Leu Phe lle lle Val Pro lle Phe Leu Leu Leu Asp Lys Asp Asp Gly Lys Ala 
Leu lle lle Leu Phe lle lle Val Pro lle Phe Leu Leu Leu Asp Lys Asp Asp Gly Ly s Ala 
Leu lle lle Leu Phe lle lle Val Pro lle Phe Leu Leu Leu Asp Lys Asp Asp Ser Lys Ala 
Leu lle lle Leu Phe lle lle Va l Pro lle Phe Leu Leu Leu Asp Lys Asp Asp Ser Lys Ala 
----------------------------~)~Exon6------------------------------
GGG ATG GAG GAA GAT CAC ACC TAT GAG GGC TTG AAC ATT GAC CAG ACA GCC AC C TAT GAA GAC 
Gly Met Glu Glu Asp His Thr Tyr Glu Gly Leu Asn lle Asp Gln Thr Ala Thr Tyr Glu As p 
Gly Met Glu Glu Asp His Thr Tyr Glu Gly Leu Asn lle Asp Gln Thr Ala Thr Tyr Glu Asp 
Gly Met Glu Glu Asp His Thr Tyr Glu Gly Leu Asp lle Asp Gln Thr Ala Thr Tyr Glu Asp 
Gly Met Glu Glu Asp His Thr Tyr Glu Gly Leu Asp l l e Asp Gln Thr Ala Thr Tyr Glu Asp 

) 

435bp 
145aa 

146aa 

49 8bp 
16 6aa 

167aa 

5 61bp 
187aa 

188aa 

624 bp 
20 8aa 

209aa 

ATA CTG ACT CTT CGG ACA GGG GAG GTA AAG TGG TCG GTA GGA GAG CAT CCA GGC CAG GAA TGA 68 7bp 
lle Val Thr Leu Arg Thr Gly Glu Val Lys Trp Ser Val Gly Glu His Pro Gly Gln Glu Stop 2 29aa 
lle Val Thr Leu Arg Thr Gly Glu Val Lys Trp Ser Val Gly Glu His Pro Gly Gln Glu Sto p 
lle Val Thr Leu Arg Thr Gly Glu Val Lys Trp Ser Val Gly Glu His Pro Gly Gln Glu Stop 230aa 
l le Val Thr Leu Arg Thr Gly Glu Val Lys Trp Ser Val Gly Glu His Pro Gly Gln Glu Stop 

Figure 5.2 Sequence homology between mi1CD79b and the reported hi1CD79b 
sequence. Both truncated transcripts are compared to the pub lished fu ll -length sequences. Murine 
sequences are given in black along with nuc leotide seq uence, with differi ng amino acids to the human 
sequence (blue) shown by red nuc leotides . Re levant base pairs and am ino acid numbers are g iven 

down the right hand side. The arrow lines above nuc leotide sequence give re levant exon numbers. 
m~CD79b seq uence was obtained from cDN A extracted fro m A3 I lymphoma cells. 129 



sequences share a high level of homology, indicating that these regions are important for the 

function of these proteins. Importantly, these conserved sequences are also present in the 

truncated proteins. 

5.2.3 Identification of mACD79b at the protein level. 

Following identification of mi1CD79b at the mRNA level in mouse cells it was decided to 

establish if mi1CD79b also existed as a protein. To address this question both full length and 

mi1CD79b PCR products were cloned into the pCl-puromycin (pCl-puro) expression vector 

(Appendix A). Following confirmation that the correct DNA sequence was inserted into the 

vector by sequencing, plasmid DNA was expanded using maxiprep kits as detailed in 

section 2.7.5 and 25 )..lg of maxiprep DNA transfected into COS-7 cells. Transfected COS-7 

cells were then assessed 24 hours later following lysis of the cells in NP-40 lysis buffer, 

resolved by SDS-PAGE, protein transferred to PVDF membranes and immunoblotted for 

the presence of mCD79b. 

Figure 5.3 shows that mCD79b and mi1CD79b were detected from lysates of COS-7 cells 

transiently transfected with both mCD79b and mi1CD79b pCl-puro expression vectors, 

compared to cells transfected with empty vector. The expression level for both proteins was 

similar, which may indicate a similar stability of the two transcripts. Transfected COS-7 

lysates were probed with both the commercially available mAb HM79-11, raised against an 

extracellular peptide of mCD79b and the in-house mAb AT 1 0712, raised against a peptide in 

the cytoplasmic domain of hCD79b which shares homology with the mouse region. This 

antibody was raised in collaboration with Ms A Tutt and validated by its binding to peptide 

KLH in ELISA and its ability to immunoprecipitate the correct sized protein. 

5.2.4 The presence of mACD79b in murine B cell lines. 

Once the presence of mi1CD79b had been confirmed at the mRNA level in munne 

lymphoma cells and naive splenocytes, and at the protein level in an over-expression system 

(transfected COS-7 cells), it was decided to determine the endogenous level of mi1CD79b in 

a variety of murine B cell lines. The three cell lines chosen were WEHl-231, 1[BCL1 and 

A20, which are thought to represent immature, mature and class-switched B cells, 

respectively. NB: 1[BCL1 cells were derived from a variant of the BCL1 tumour which had 

transformed and become capable of in vitro propagation. First, we assessed the level of 

CD79b mRNA transcripts. mRNA was extracted from the three cell lines and converted to 

cDNA prior to PCR using the primers detailed above. Figure 5.4a, indicates the presence of 
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AT 107/2 HM 79-11 

2 3 1 2 3 

45kD -

~mCD79b 

30kD -

20.1kD -

~1n6CD79b 

14.3kD -

Figure 5.3 Identification of a truncated alternative transcript of mCD79b at the 
protein level. To observe if m,0.CD79b is expressed at the protein level both full length 
mCD79b and m,0.CD79b were cloned into the pCI-puromycin expression vector and 
subsequently transfected into COS-7 cell lines. Lysates were separated through 15% SDS
PAG E and membranes probed with AT 10712 and HM79-1 I mAb to show the presence of 
both full length mCD79b (lane I) and m,0.CD79b (lane 2) compared to COS-7 cells 
transfected with an empty vector (lane 3). 
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Figure 5.4 Identification of a m~CD79b in various murine B cell lines. The level 
of express ion of m~CD79b was assessed in three in vitro murine B cell lines. Initially cDNA 
was obtained fro m 1 xl 06 B cells and probed for the presence of m~CD79b, Figure 5.4a, 
confirms varying levels of express ion of m~CD79b in the WEHl-23 I (lane I), n:BCL I (lane 
2) and A20 (lane 3) ce ll lines along with full length mCD79b at the mRNA level , compared 
to GAPDH controls. Next surface expression of mCD79b was assessed by flow cytometry 
(Figure 5.4b). Cells were stained with FITC conjugated HM79-11 and the level of 
expression assessed; irre levant control (- ), WEHI-23I (- ), n:BCL I ( - ), and A20 (- ). The 
expression of both fu ll length mCD79b and m~CD79b was a lso assessed at the protein level 
in Iysates fro m WEH I-23 1 (lane I) , n:BCL I (lane 2) and A20 (lane 3) cell lines using the 
ATI07/2 mAb (Figure 5.4c). 
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both full length mCD79b and m.6.CD79b in all cell lines. A20 cells expressed the highest 

level of m.6.CD79b followed by nBCL I cells, with slightly lower levels of expression 

observed in WEHI-231 cells. GAPDH PCR controls were used showing that for each 

sample a similar amount ofmRNA was extracted and converted to cDNA. 

Figure 5.4b, shows the surface expression of mCD79b on the murine B cell lines assessed 

by flow cytometry, using the FITC labelled mAb HM79-11. A20 cells expressed the lowest 

levels of surface mCD79b, WEHI-231 cells an intermediate level and nBCL I cells 

expressed the highest level. 

Next, we assessed how the mRNA transcript levels related to the production of CD79b 

proteins in these cells. To perform these experiments, NP-40 lysates of the murine cell lines 

were prepared, separated on 15% SDS-PAGE gels and probed with AT107/2. nBCL I cells 

expressed the highest levels of m.6.CD79b at the protein level, followed by A20 cells, with a 

faint protein band observed in WEHI-231 cells (Figure 5Ac). The levels of protein 

correlated with the mRNA expression levels shown above, in that the B cell lines nBCL I 

and A20 expressed the highest levels of mRNA for m.6.CD79b with WEHI-231 cells 

expressing the lowest. 

5.2.5 The effect of anti-Il mAb on BCR-induced apoptosis. 

To address whether m.6.CD79b has the same anti-apoptotic characteristics as shown for the 

human homolog, we needed to investigate if the B cell lines assessed above showed 

differences in their susceptibility to BCR-induced apoptosis. Before assessing the effect of 

BCR-induced apoptosis on the B cell lines, we first assessed whether the in-house anti-Il 

mAb (Mc39-12) could induce apoptosis upon cross-linking the BCR. The WEHI-231 cell 

line was used in preliminary experiments as it is reported that this cell line is sensitive to 

BCR induced apoptosis(l84, 185). Initially, 1x105 cells were treated with 10 Ilg/ml of an 

isotype matched control (KT3) or the anti-Il mAb for 24 and 48 hours at 37°C. Cells were 

then assessed for levels of BCR induced apoptosis using the annexin V /PI flow cytometry 

assay. Figure 5.5a, shows that higher levels of BCR induced apoptosis were observed after 

incubation of WEHI-231 cells with the anti-Il mAb for 48 compared to 24 hours. For this 

reason, subsequent assays were performed for 48 hours. 

To determine the optimal concentration of mAb, 1x105 WEHI-231 cells were incubated 

with increasing concentrations of either the control or the anti-Il mAb for 48 hours at 37°C. 
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Figure 5.5 Effect of titrating anti-Jl concentration on BCR induced apoptosis on 
WEHI-231 cell lines. (a) I x 105 WEHI -23 I ce lls were treated with either control (KT3) or 
anti- fl (Mc39- 12) at I 0 ~lg/m l for 24 or 48 hours, at 370 C and levels of BCR induced 
apoptos is assessed by flow cytometry using annexin V/PI (b) lx l 05 WEHI-23 I cells were 
treated w ith various concentrations of either control (KT3) or anti -~ (Mc39- 12) mAb for 48 
hours at 37oC. Levels of apoptosis were assessed using annexin V/PI staining by flow 
cytometry. Resu lts shown are mean values ± SO from three separate experiments. 
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Following stimulation, cells were again assessed for levels of BCR induced apoptosis using 

annexin VIPI by flow cytometry. Figure 5.5b, shows that WEHI-231 cells are sensitive to 

BCR induced apoptosis when the anti-)l mAb was used at concentrations above 1 )lg/mL 

compared to cells treated with the control mAb. 

5.2.6 The effect of anti-BCR mAb on BCR-induced apoptosis on various murine B cell 

lines. 

Following assessment of the anti-)l mAb on WEHI-231 cells, it was important to detemline 

the levels of BCR-induced apoptosis on the other in vitro murine B cell lines. 2xl0s WEHI-

231, 7CBCL] and A20 cells were treated with either: control (KT3), anti-)l or anti-K (HB58) 

mAb at 10 )lg/ml for 48 hours at 37°C. Cells were also treated with the anti-K mAb, as A20 

cells express mlgG and not mlgM like the other cell lines. Figure 5.6 shows that WEHI-231 

cells are the most sensitive to BCR induced apoptosis, assessed by both annex in V!PI, with 

about 22% cells staining positive above controls, compared with BCL] cells, with only 

about 5% cells staining positive. A20 cells were more sensitive than 7CBCL] cells when the 

BCR was cross-linked with the anti-K mAb, with 12% and 7% cells staining positive 

respectively, but again these cell lines were not as sensitive as WEHI-231 cells with more 

than 25% cells staining positive. 

5.2.7 Altering the expression of mACD79b in WEHI-231 cells. 

From the above data it was apparent that the levels of m~CD79b expression may correlate 

with cellular susceptibility to BCR-induced apoptosis, at least in respect of the fact that the 

WEHI-231 cells expressed the lowest amount of m~CD79b and were the most sensitive. 

Previous data has suggested that over-expression of h~CD79b may account for a reduction 

in the expression of full length CD79b(l38). However, this was not observed in Ramos cell 

lines, where h~CD79b was over-expressed(l4]). From Figures 5.4 and 5.6 it is clear that the 

WEHI-231 cells that express the lowest levels of m~CD79b are the most sensitive to anti

BCR-induced apoptosis. Therefore, it was decided to try and alter the expression of 

m~CD79b in WEHI-231 cells to determine whether this would change their sensitivity to 

BCR induced apoptosis. 

5.2.7.1 Over-expression ofmACD79b in WEHI-231 cell line. 

It was decided to over-express m~CD79b in WEHI-231 cells, the hypothesis being that the 

cells would become resistant to BCR apoptosis. To achieve this, WEHI-231 cells were 

transfected with m~CD79b:pCI-puro expression vector using electroporation. Clones were 
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Figure 5.6 BCR induced apoptosis on various murine B cell lines. 2xl05 cells were 
treated with 10 /-lg/ml anti-/-l (Mc39-12) or anti-K (HB58) mAb for 48 hours at 37°C, levels of 
apoptosis was measured with Annexin V/PI by flow cytometry. Results shown are levels of 
induced apoptosis above cells treated with irrelevant control (KT3) and represent mean 
values ± SD from three separate experiments. 
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selected under puromycin and screened using RT-PCR. RT-PCR data (Figure S.7a) shows 

that five clones ofWEHI-231 that varied in levels ofmL\CD79b expressed compared to wild 

type cells were obtained. GAPDH was used as a control for the amount of mRNA isolated. 

Previous data has suggested that over-expression of hL\CD79b may account for a reduction 

in the expression of full length CD79b(138). However, this was not observed in Ramos cell 

lines, where hL\CD79b was over-expressed(141). Interestingly, the surface expression of the 

BCR on these WEHI-231 clones also did not alter between the different clones and wild 

type cells, assessed by flow cytometry (Figure 5. 7b) using the FITC labelled anti-fl and anti

CD79b mAb. 

5.2.8 The effect of over-expressing mACD79b in WEHI-231 cells on BCR induced 

apoptosis. 

The five different WEHI-231 clones which express increased concentrations of mL\CD79b 

were treated with either the control or the anti-fl mAb at 10 flg/ml for 48 hours at 37°C. 

Levels of BCR-induced apoptosis were assessed using annexin V/PI and DioC6 by flow 

cytometry. Figure 5.8 shows that WEHI-231 clones that express increased amounts of 

mL\CD79b are not as sensitive to BCR-induced apoptosis compared to wild type WEHI-231 

cells. Interestingly, as the level of mL\CD79b expression increased so the sensitivity of the 

cells to BCR-induced apoptosis decreased, with clone L\35 expressing the highest levels of 

mL\CD79b, being the least sensitive to BCR-induced apoptosis. 

5.2.9 Cellular localisation of mACD79b. 

It is clear that over-expression of mL\CD79b correlates with a reduction in cellular 

susceptibility to BCR induced apoptosis. As mL\CD79b contains an active IT AM motif 

which has been shown to be important for protecting human cell lines from BCR induced 

apoptosis(141), it was hypothesised that mL\CD79b must be situated at or near the plasma 

membrane, allowing it to interfere with PTK activation upon BCR cross-linking. To 

address this question, several experiments were devised to ascertain the cellular localisation 

of mL\CD79b. 

5.2.9.1 Localisation of mACD79b tagged with YFP. 

Both full length mCD79b and mL\CD79b cDNA were isolated from BCL I lymphoma cells 

using YFP primers containing the EcoRI and BamHl restriction sites (Table 2.1). Clones 

with the correct sequence of both full length and mL\CD79b were then ligated into the YFP 

expression vector, pEYFPNI (Appendix C). Following the use of restriction digests to 
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+- GAPDH 
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Figure 5.7 Over expression of mACD79b in WEHI-231 cell line does not affect 
BCR expression. WEHI-231 cells were transfected with mf'1CD79b in the pCI-puromycin 
expression vector, and clones selected under puromycin. Five different clones were selected 
that expressed increasing levels of mf'1CD79b compared to non-treated (wt) WEHI-23 I cells, 
when analysed by RT-PCR. Figure 5.6 a, levels of mf'1CD79b expressed in I x 106 WEHI-23I 
clones assessed at the mRNA level compared to wt and GAPDH controls. Surface expression 
of the BCR receptor was assessed on all clones by flow cytometry (Figure 5 .6 b). Ce ll s were 
stained with either FITC conjugated anti-I-l (Mc39-12) or anti-CD79b (HM79-11) as detailed 
in Figure 2, compared to wt control (- ) and irrelevant mAb (- ). 
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Figure 5.8 Effect of over expression of mACD79b in WEHI-231 cells on BCR
induced apoptosis. 2xIOS WEHI-23 I transfected clones were treated with anti-).l mAb for 
48 hours at 37oC, in a humidified chamber. Cells were assessed for the effects of over 
expressed m~CD79b on BCR induced apoptosis by Annexin VIP! and DioC6 staining. 
Results are mean values ± SD from three separate experiments. 
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confinn the construct and amplification of plasmid DNA using maxipreps, both full length 

mCD79b and mi1CD79b were transfected into 293T cells to assess their expression in a 

transient system. Fluorescent microscopy indicate that in this system, both full mCD79b 

and mi1CD79b are expressed at the plasma membrane, compared to cells transfected with an 

empty YFP vector (Figure 5.9a). 

It was also decided to assess the expression of full length and mi1CD79b proteins in murine 

B cells. Therefore, WEHI-231 B cells were transfected with the same YFP expression 

vectors and selected utilising selection medium and expanded. To assess the overall level of 

YFP expression, cells were assessed by flow cytometry. This analysis demonstrated that 

293T cells expressed much higher levels ofYFP proteins than WEHI-231 cells (Figure 5.9a 

and 5.9b respectively). However, Figure 5.9b shows that although mi1CD79b:YFP staining 

in the selected WEHI-231 cells was much weaker and more diffuse compare to that 

observed in transiently transfected 293-T cells, it again appeared to show a plasma 

membrane orientation, in particular compared to the YFP control which showed weak 

diffuse cytoplasmic staining. 

5.2.9.2 Assessment of surface expression of mACD79b. 

Although the fluorescent image data allows us to visualise where mi1CD79b is expressed 

within the cell, it does not answer the question of whether the molecule is expressed on the 

cell surface. To address this, 293T cells were transfected with 1 /lg of full length mCD79b 

and mi1CD79b in the pCI-puro expression vectors, and incubated for 24 hours at 37°C. 

Levels of mCD79b expressed at the cell surface were assessed using FITC labelled anti

CD79b (HM79-11), that has previously been shown to detect both full length and truncated 

proteins in COS-7 celllysates (Figure 5.3). 293T cells were also co-transfected with empty 

pCI-puro vector as a control or mCD79a;pCI-puro, allowing fonnation of a stable CD79 

heterodimer and increased surface expression in these non-B cells. Figure 5.10, shows that, 

CD79b was expressed at low levels: 3.2%, on the cell surface of 293T cells transfected with 

full length mCD79b. These levels were enhanced upon co-transfection with mCD79a 

(29.8%). However, mi1CD79b was not detected on the cell surface of 293T transfected 

cells. These data indicate that mi1CD79b is not expressed at the cell surface. 

One concern from this experiment was that only a small portion of mi1CD79b (exon 2) is 

available at the plasma membrane, compared to full length mCD79b, to allow the mAb, 

HM79-11 to bind. This close proximity to the plasma membrane could hamper binding of 
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Figure 5.9 Cellular location of YFP tagged mACD79b in 293T cells. (a) 293T cell 
line was transiently transfected with m~CD79b and full length mCD79b transformed into a 
YFP expression vector, images were obtained by fluorescent microscopy 24 hours post 
transfection. (b) WEHI-23 I cell line was transfected by electroporation and cells selected 
under geneticin. Positive colonies were allowed to expand and checked under fluorescent 
microscopy. Level of YFP expressed in transfected cells was also assessed by flow 
cytometry as a methods control. 
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Figure 5.10 Surface expression of full length mCD79b and mACD79b in pCI
puromycin vectors on 293T cells. 293T cells were transfected with I flg mCD79b full , 
I flg m~CD79b pCI-puromycin, or I flg empty pCI-puromycin vector (Figure S.9a). 293T 
cells were also transfected with the above constructs in the presence of either I flg mC D79a 
pCI-puromycin vector (Figure S.9b). Leve ls of mCD79b expressed at the plasma membrane 
were assessed using FITC labelled anti -CD79b (HM79- 1 I) by flow cytometry 24 hours post 
transfect ion. Levels of expression are from gated viable cells, and a representative of at least 
three independent experiments . 
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HM79-11 mAb (Figure 5.11 a). Therefore, it was decided to clone both full length and 

mL1CD79b into an expression vector containing rat CD4 Ig-like domains 3 and 4 

(rCD4d3+4; Appendix D), allowing formation of rCD4d3+4-mCD79b/mL1CD79b fusion 

proteins that express a larger extracellular domain which can be detected by the rCD4d3+4 

specific mAb, OX68(186). It was also known that the rCD4d3+4 protien cannot be expressed 

at the cell surface, unless it is attached to a protein which is normally expressed at the cell 

surface. Once again 293T cells were co-transfected with 1 ).lg of the fusion protein along 

with either empty pCI-puro vector or mCD79a:pCI-puro vector. Surface expression of 

mCD79b was assessed using FITC labelled HM79-11 or OX68 mAb. 

The mAb HM79-11, again showed the expression of full length mCD79b at the cell surface 

which was enhanced in the presence of mCD79a, but once again failed to detect mL1CD79b 

(Figure 5.11 b, upper plots). The OX68 mAb showed the presence of full length mCD79b at 

the cell surface (11.5%), which was again enhanced in the presence of mCD79a (29.1 %). 

However, surface expression of the rCD4d3+4-mL1CD79b fusion protein was also detected 

with the OX68 mAb: 9.3%. The surface expression of mL1CD79b was also, but 

surprisingly, enhanced in the presence of mCD79a to 30.6% (Figure 5.11 b. lower plots). 

These data clearly indicate that mCD79b is expressed at the cell surface. 

5.2.10 Protein tyrosine and threonine phosphorylation in wild type WEHI-231 and 

clone A35. 

Following the findings that mL1CD79b not only inhibits BCR induced apoptosis, but it is 

also located near to the cell surface, it was decided to investigate if mL1CD79b interferes 

with PTK activation. Our hypothesis was that mL1CD79b inhibits activation of early PTKs 

and activation of downstream intracellular signals that result in cell death upon cross-linking 

the BCR. Initially, both wild type WEHI-231 and WEHI-231 clone L135 cells were 

stimulated with either the control, or the anti-).l mAb at 10 ).lg/ml for 5 minutes at 37°C. 

Cells were then lysed, protein separated on 12.5% SDS-PAGE gels, transferred to PVDF 

membranes and probed for phosphorylated tyrosine or threonine residues. 

Figure 5.12 shows that there is little difference in levels of protein tyrosine phosphorylation 

upon cross-linking the BCR between the two different WEHI-231 cell lines. Protein 

threonine activation also differed little between cell lines, and cells treated with either the 

control or the anti-).l mAb. 
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Figure 5.11 Surface expression of full length mCD79b and mACD79b in 
CD4d3,4+1 vectors on 293T cells. (a) Schematic representation for surface 
expression of mCD79b vectors, and detection with either anti-mCD79b (HM79-11) 
or anti-rCD4d3+4 (OX68). (b) 293T cells were co-transfected with I ).lg rCD4d3+4-
mCD79b full or rCD4d3+4-m~CD79b fusion proteins, again in the presence of I ).lg of 
mCD79a or empty rCD4d3+4 vector. Levels of surface expression were again assessed 24 
hours post transfection by flow cytometry using antiCD79b (HM79-1 I) or anti rCD4d3+4 
mAb (OX68). Levels of expression are from gated viable cells, and a representative of at 
least three independent experiments 
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Figure 5.12 Tyrosine and threonine phosphorylation patterns of wild type 
WEHI-231 and clone A35 stimulated with mAb directed at the BCR. 4x 106 wild 
type WEHI-23I or WEHI-23I clone i135 cells were stimulated with either control (KT3 , -) 
or anti-Il (Mc39-12, +) at 10 ~lg/ml for 5 minutes at 37°C. Cells were then lysed and prote in 
separated on 12 .5% SDS-PAGE gels, transferred to PYDF membrane and probed for the 
presence of phosphorylated tyrosine residues using the mAb 4G 1 0 (I Ilg/ml) (a), or 
phosphorylated threonine residues using Ab p-Thr (I : 1 000) (b), and appropriate HRP 
conjugated secondary Ab. Representative of at least three independent experiments 
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5.2.11 The kinetics of protein tyrosine phosphorylation in wild type WEHI-231cells 

and clone A35. 

In chapter 3 we demonstrated the importance of the kinetics of PTK activation for 

subsequent apoptosis via BCR-ligation. Therefore, after investigating initial PTK activation 

following cross-linking of the BCR, it was decided to investigate the kinetics of PTK 

activation upon ligating the BCR with either the control or the anti-)l mAb (10 )lg/ml) for I, 

5, 15 and 60 minutes at 37°C. Celllysates were then separated on SDS-PAGE and probed 

for proteins containing phosphorylated tyrosine residues. Figure 5.13 shows that there is 

little difference in the levels of tyrosine phosphorylated proteins observed following 

stimulation for 5 minutes stimulation with the anti-)l mAb between wild type and clone £-.35 

WEHI-231 cells. However, with longer periods of stimulation (15 and 60 minutes) wild 

type WEHI-231 cells exhibit higher protein tyrosine phosphorylation than WEHI-231 clone 

£-.35 cells, with protein tyrosine phosphorylation appearing to decrease in the £-.35 cells after 

stimulation for 15 and 60 minutes. 

5.2.12 The kinetics of protein threonine phosphorylation in wild type WEHI-231 and 

clone A35 cells. 

It was also decided to investigate the kinetics of protein threonine phosphorylation upon 

cross-linking the BCR with either the control or the anti-)l mAb for 1,5,15 and 60 minutes 

as detailed above. Activated threonine residues were probed using Ab P-Thr-Polyclonal 

(1:1000). Figure 5.14 again shows that for both cell lines there appears to be no difference 

in levels of threonine activated on proteins treated with either the control or the anti-)l mAb 

over the time course. The level of threonine phosphorylated proteins between wild type and 

£-.35 WEHI-231 cells also appears not to differ following early stimulation times of 1 and 5 

minutes. However, following longer periods of stimulation, for 15 and 60 minutes, specific 

phosphorylated threonine proteins were observed in wild type WEHI-231 cells at around 

90kD and 20kD that were not observed in the clone £-.35 cells. 

5.2.13 Activation of p38 and ERK in wild type WEHI-231 and clone A35 

From previous studies investigating BCR-induced apoptosis in WEHI-231 cells, activation 

of the downstream signalling proteins, ERK and p38 has been shown to be important in 

governing cellular fate(I72). Therefore, we investigated the effects of cross-linking mlgM on 

the activation of ERK and p38 in the two cell lines. Initially we used the same kinetics as 

used for investigating total PTK activation in WEHI-231 cells. Cells were stimulated with 

either the control or the anti-)l mAb (10 )lg/ml) for 1, 5, 15 and 60 minutes at 37°C. 

146 



(a) 

220kD -

97kD -

66kD -

WEHI-231 45kD -

wild type 
30kD -

20.1kD -

14.3kD -

(b) 

220kD -

97kD -

66kD -

45kD -
WEHI-231 
clone L135 30kD -

20.1kD -

14.3kD -

1 5 15 

+ + 

5 15 

+ + 

+ 

+ 

60 

+ 

60 

Stimulation time 
(minutes) 
anti-Il 

Stimulation time 
(minutes) 

+ anti-Il 

Figure 5.13 Tyrosine phosphorylation kinetics of wild type WEHI-231 and 
clone A35 stimulated with mAb directed at BCR. 4xl06 w ild type WEHI-23 I (a) or 
WEHI-23 I clone ~35 (b) were stimu lated with either control (KT3 , -) or anti -Il (Mc39-12) 
mAb (I 0llg/ml) for I, 5, 15 or 60 minutes at 37oC, in a pre-warmed water bath. Cells Iysates 
were separated by SDS-PAGE and PYDF membranes probed of phosphorylated tyrosine 
residues using the mAb 4G I 0 ( I Ilg/m l) and an appropriate HRP labelled secondary Ab . 
Representative of at least three independent experiments 
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Figure 5.14 Threonine phosphorylation kinetics of wild type WEHI-231 and 
clone A35 stimulated with mAb directed at BCR. 4x 106 wi ld type WEHI-231 or 
WEHI-23 I c lone ~35 were stimulated with either control (KT3 , -) or anti-)..l (Mc39- 12) mAb 
(I O)..lg/ml) for I , 5, IS or 60 m inutes at 37oC, in a pre-warmed water bath . Cells lysates were 
separated by SDS-PAGE and PYDF membranes probed of phosphorylated threonine 
residues using the Ab p-Thr ( I : 1000) and an appropriate HRP labelled secondary Ab. 
Representative of at least three independent experiments 
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Samples were then lysed, and protein separated on 12.5% SDS-PAGE gels, and transfened 

to PVDF membranes. Membranes were then probed for the presence of active p38 (anti

active p38 1 :2500) or active ERK (anti-active MAPK 1 :5000). As a loading control 

membranes were re-probed for the presence of p-actin (p38) or total ERK (active ERK 

blots). 

Figure 5.15a shows that between cell lines there is no difference in the level of p38 

activation. Western blots were subjected to densitomtry and mean values ± SD were plotted 

for three independent experiments (Figure 5.15b). Maximum levels ofp38 activation were 

then calculated as detailed in section 3.2.11 (Figure 5 .15c). Results show that there is no 

difference in the levels of p38 activation between the cell lines. The maximum levels of 

activated p38 were observed after 5 minutes of stimulation and then decreased. 

Figure 5.16a, shows the levels of ERK activation between the two cell lines. Again western 

blots were subjected to densitometry and mean values ± SD from three independent 

experiments were plotted (Figure 5 .16b), and calculated as percentages of maximum 

activation of ERK (Figure 5.16c). The first observation was that in both, only ERK2 

appeared to be activated upon cross-linking mIgM with the anti-Il mAb, compared to cells 

treated with the control mAb. When immunoblots were re-probed for total ERK, all 

samples showed equal levels of both ERK1 and ERK2 (Figure 5.16a). Therefore, 

intracellular signals generated by anti-Il mAb cross-linking mIgM appear to only activate 

ERK2 and not ERKl. Early kinetics between wild type and clone 6.35 WEHI-231 cell lines 

show similar levels of ERK2 activation, with lower levels of activation observed following 

stimulation for 1 minute (Figure 5 .16b). Maximum levels of ERK activation were observed 

following stimulation for 5 minutes in both cell lines, and then decreased over time (Figure 

5 .16c). However, levels of activated ERK2 fall at a faster rate in the wild type WEHI -231 

cells compared to the 6.35 WEHI-231 cells, where activated ERK2 was still observed 

following stimulation for 60 minutes. 

149 



(a) 

(b) 

(c) 

WEHI-231 wt 

Active p38 

B-actin 

WEHI-231 L135 

Active p38 

B-actin 

65000 

60000 

75000 

70000 

65000 

60000 

55000 

,., 50000 

~ 45000 

~ 40000 
0 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

0 
0 

110 

90 

60 

c 70 0 

~ 

> 60 
u 
~ 

00 50 ,., 
"-
<f. 40 

30 

20 

10 

0 
0 

10 

'0 

+ + + + + anti -Il 

+ + + + + anti-Il 

....... WEHI-231 WI 

-.- WEHI -231 ,\35 

20 30 40 50 60 70 

Time (minutes) 

....... WEHI-231 WI 

-.- WEHI-231 ,\ 35 

20 30 40 50 60 70 

Time (minutes ) 

Figure 5.15 p38 activation kinetics of wild type WEHI-231 and WEHI-231 clone 
A35 stimulated with mAb directed at BCR. 4x 106 wi ld type WEHI-23 I or W EHI-23 1 
c lone L'l35 were stimulated with e ither control (KT3 , -) or anti-~L (Mc39- 12) mAb (I 0 ~Lg/ml) 

for 1, 5, 15, 30 and 60 minutes 370 C in a pre-warmed water bath before being lysed. Proteins 
were separated on 12 .5% SOS-PAGE gels, transferred to PVOF membrane and probed for 
the presence of activated p38 (top blot) using anti -active p38 Ab (I :2500), o r ~-Actin 
(bottom blot) as a loading control. Levels of p38 activation were quantitated us ing 
densitometry (b) mean values ± SO from three independent experiments. Leve ls of p38 
activation were adjusted to maximum obtained when cells were treated with individua l mAb 
( c) . 
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Figure 5.16 Erk activation kinetics of wild type WEHI-231 and WEHI-231 clone 
A35 stimulated with mAb directed at BCR. 4x 106 wild type WEHl-23 I or WEHI-23 I 
clone ~35 were stimulated with either control (KT3 , -) or anti-!J. (Mc39- 12) mAb ( 10 !J.glml) 
for 1, 5, 15, 30 and 60 minutes 370 C in a pre-warmed water bath before being lysed. Prote ins 
were separated on 12.5% SDS-PAG E ge ls, transferred to PYDF membrane and probed fo r 
the presence of activated Erk (top blot) using anti-active MAPK Ab ( I :5000), or total Erk 
(bottom blot) using anti-MAPK Ab (I :5000). Leve ls of Erk acti vation were quantitated 
using densitometry (b) mean values ± SO from three independent experiments. Levels of 
Erk activation were adjusted to maximum obtained when cell s were treated with individual 
mAb (c). 

15 1 



5.3 Discussion 

An alternative transcript of CD79b that lacks exon 3 has been reported in both nonnal and 

malignant human B cells, with an increased expression observed in human B cell 

malignancies including B_CLL(l40, 141). An alternative transcript of CD79b has never, to 

date, been reported in murine cells. Here for the first time we show that an alternative 

transcript of murine CD79b exists. Primers directed towards full length mCD79 indicated 

the presence of full length mCD79b and a smaller PCR product of about 480bp in murine B 

lymphoma cells and splenocytes from naIve mice. The size of the smaller PCR product of 

mCD79b is an accordance with that detennined for the previously reported hi1CD79b. 

which lacks the whole of exon three(l38, 140, 141). 

Sequence analysis of the short PCR product confinned that the transcript was an alternative 

fonn of mCD79b, with the whole of exon three deleted. Therefore, it is clear that 

mi1CD79b does exist, sharing homology with hi1CD79b in that both alternative transcripts 

lack exon three. The leader sequence (exon 1) and extracellular domain (exon 2) of 

mi1CD79b share very little homology with hCD79b and hi1CD79b, while the 

transmembrane domain (exon 4) and cytoplasmic domains of mi1CD79b (exons 5 and 6) 

share almost exact homology with the same domains of hCD79b and hi1CD79b as 

previously noted(l6). 

The expression of mi1CD79b was subsequently assessed in various murine B cell lines 

using RT-PCR. It was shown that the immature B cell line, WEHI-231, which is known to 

be sensitive to BCR-induced apoptosis, expressed lower levels of mi1CD79b compared with 

the mature class-switched murine B cell line A20, and the dual in vivo/in vitro cell line 

nBCL1. When these cell lines were incubated with anti-BCR mAb it was clear that where 

WEHI-231 cells were sensitive to BCR-induced apoptosis, nBCL 1 and A20 cells were less 

sensitive. The mRNA expression of mi1CD79b in murine B cell lines, therefore, appears to 

correlate with their sensitivity to BCR-induced apoptosis, similar to observations in the 

human B celllines(141). 

The protein expression of mi1CD79b was investigated using a commercially available mAb, 

HM79-11, that binds to the extracellular region of CD79b, and the in-house mAb AT 107/2, 

raised against a peptide from the hCD79b cytoplasmic domain. The cytoplasmic domains of 

murine and human CD79b share homology and are almost identical in this region, and as 

expected the mAb recognised mCD79b in western blots of COS-7 cells transfected with 
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pCIpuro vectors encoding mCD79b. Furthennore, as the cytoplasmic domain is present in 

the alternative transcript, the mAb should also recognise m~CD79b if it is expressed as a 

stable protein. Western blot analysis of lysates from COS-7 cells transfected with 

m~CD79b in the pCI-puromycin expression vectors indicated that the alternative transcript 

is indeed capable of encoding for a mature, stable protein as both the mAb HM79-11 and 

AT1 0712 could recognise it when over-expressed in COS-7 cell lines. Furthennore, the 

amount of full length and alternative protein detected appeared equivalent, possibly 

indicating that both full length and alternative transcripts have similar stability. The fact 

that the HM9-11 mAb was able to detect the alternative transcript indicates that this Ab is 

directed to the short peptide sequence encoded by exon 2 present in both full and truncated 

proteins, similar to the observation the mAb directed to human CD79b proteins recognise 

this region. 

To confinn that endogenous levels of m~CD79b are detectable in B cells, i.e. when not 

over-expressed in a non-B cell line, we analysed the protein expression of m~CD79b in a 

selection of mouse B cell lines, and show that the m~CD79b protein could be detected. 

Furthennore, its expression correlated with the level of mRNA produced, in that WEHI-231 

murine B cell lines expressed the lowest level compared to A20 and nBCL I cells. 

Signalling through the BCR is pivotal during B cell deve10pment(2, 187). Signalling from a 

pre-BCR in the absence of an external ligand generates intracellular signals required to 

allow cellular proliferation, rearrangement of mIg light chain, and differentiation(87, 100). In 

the absence of BCR signalling, pre-B cells die. However, at the immature stage of B cell 

development cross-linking the BCR generates intracellular signals that induce programmed 

cell death, apoptosis, preventing fonnation of self reactive B cells(187). Although the fate of 

B cells at different stages of development are quite different, they are all generated from 

intracellular signals initiated from the BCR, in particular the CD79 heterodimer(4, 18). 

At all stages of development it is thought that B cells contain the same basic signalling 

molecules, what has still to be shown are specific differences in signalling pathways 

between B cells at these different stages of development. In this study the WEHI-231 cell 

line, used extensively as a model of immature B cells(184, 185) expressed relatively low levels 

of m~CD79b at both the mRNA and protein level but, was most sensitive to BCR induced 

apoptosis upon cross-linking the BCR, with as little as 1 J.lg/ml of the anti-J.l mAb giving 

effective cross-linking. In contrast, A20 B cells, used as a mature B cell model(l88) express 
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higher levels of mL1CD79b, and are not as sensitive to BCR-induced apoptosis. The ex vivo 

murine B lymphoma model, nBCL1, also expressed higher levels of mL1CD79b compared to 

the WEHI-231 cells, and, like A20 cells, was less sensitive to apoptosis induced by cross 

linking the BCR. Therefore, it is possible that regulating the expression of mL1CD79b 

during B cell development could help in regulating B cell signalling and apoptosis. 

Furthermore, its over-expression could be a causative factor in disease states, such as certain 

types ofB cell lymphoma, where it appears to be up-regulated(l41). 

To test this hypothesis it was decided to attempt to regulate the expression ofmL1CD79b and 

observe the effects on BCR-induced apoptosis. Initially we attempted to utilise siRNA 

technology(l89) to reduce the expression of mi1CD79b, and see if we could make cells more 

sensitive to BCR-induced apoptosis. siRNA primers were designed to span the splice site 

between exons two and four, which is present only in mi1CD79b and not the full length 

molecule. However, as the target region is relatively small, this severely limited the 

possible sequence of siRNA that could be used, and so we were only able to produce a 

single siRNA plasmid for mi1CD79b (data not shown). Experiments were devised to over

express full length and mL1CD79b-YFP tagged proteins in the 293T cell line together with 

the siRNA to mL1CD79b. If siRNA had worked, we would have observed a decrease in the 

fluorescence in cells transfected with the mi1CD79b-YFP protein. Unfortunately, no 

evidence of gene knock down was observed and due to the limited target region mentioned 

above, we did not pursue this avenue of investigation (data not shown). 

Although we were unable to utilise siRNA to knock down the expression of mL1CD79b in 

transient cells, we did manage to over-express mi1CD79b in WEHI -231 cells which are 

sensitive to apoptosis. Five clones that expressed increasing levels of mL1CD79b compared 

to wild type WEHI-231 cells were obtained. Interestingly, as hypothesised, increasing the 

level of mL1CD79b decreased the susceptibility to BCR-induced apoptosis similar to results 

observed in sensitive Ramos cells over-expressing the human L1CD79b(l41). Cragg, et 

aI., (141) also showed that the presence of IT AM motifs within the cytoplasmic domains of 

hi1CD79b was essential to prevent BCR-induced apoptosis. This data suggests that 

L1CD79b interacts with PTK, via IT AM motifs located within the cytoplasmic domain, and 

that over-expression of i1CD79b in cell lines or B-CLL cells prevents PTK interacting with 

normal CD79 proteins, preventing initiation of a complete intracellular signalling cascade. 
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The discovery of h~CD79b expression has lead many groups to postulate whether this 

alternative transcript could have an effect on the physiology of B-CLL cells. It has been 

proposed that h~CD79b, or other point mutations observed in the B29 gene in B-CLL, 

samples may lead to the decreased expression of surface BCR characteristic of B-CLL 

cells(l34). Gordon, et a1.Y90) showed that transfection of the Jurkat T cell line with cDNA 

for mlgM, CD79a, and CD79b led to the expression of a complete BCR at the cell surface. 

If cDNA for CD79b was substituted with cDNA encoding ~CD79b then BCR surface 

expression was lost. This indicates that ~CD79b is not capable of allowing release of a 

complete BCR from the ER and transport to the cell surface, at least in these cells (non-B 

cells). Indraccalo, et aI.Y91), also showed that in a transient expression system, transfection 

of increasing concentrations of cDNA encoding h~CD79b together with cDNA encoding 

full length CD79b led to a reduced expression of surface BCR. However, this research is in 

disagreement with our data presented here. Our research indicates that over-expression of 

h~CD79b in human B cell lines, or over-expression of m~CD79b in WEHI-231 cells does 

not reduce surface BCR expression(l41). It should be noted that these other studies were 

performed in non-B cells commonly used for over-expression studies, which may have 

altered/deregulated intracellular trafficking, and utilised extremely high levels of transfected 

DNA to achieve these effects, which may not be achieved physiologically. Payelle

Brogard, et aI.Y92, 193) have suggested that although there appears to be no defect in the 

assembly of CD79b and mIg in B-CLL samples, the loss of BCR surface expression is 

caused by a constant defect in BCR assembly within the cell, probably due to a defect in the 

glycosylation ofCD79a, which is independent of the over-expression ofh~CD79b. 

However, it must be noted that we did not fully characterise the WEHI-231 cell lines that 

over-expressed m~CD79b. The protein expression of m~CD79b was not investigated and 

so the surface expression of m~CD79b as a protein cannot be taken into account. It should 

also be noted that for further experiments only clone 35, that expressed the greatest amount 

of m~CD79b at the mRNA level was used, it would have been more ideal to use all of the 

clones, but time did not permit this. 

Research by Tseng, et al.Y 94
) showing that BCR-induced apoptosis of WEHI-231 cells can 

only be achieved if both CD79a and CD79b are expressed as a heterodimer, may indicate 

that ~CD79b could act by sequestering PTKs away from normal full length CD79b. This 

could prevent activation of a full signalling cascade leading to apoptosis. To test this theory 
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we investigated the cellular localisation of mllCD79b, and assessed whether it could 

interfere with PTKs activated near to the plasma membrane upon BCR cross-linking. 

The cellular localisation of mllCD79b in cell lines was initially assessed by tagging a YFP 

reporter molecule to the N-terminal domain of both full length and mllCD79b. mllCD79b 

appears to be expressed within the cell, near to the surface in both transiently transfected 

293T cells and stably transfected WEHI-231 cells. These results indicated that llCD79b 

could be expressed near to the plasma membrane of B cells, allowing close proximity to 

essential PTKs utilised by cross-linked BCR. However, as with flouresent microscopy the 

exact location of mllCD79b cannot be assured and so this method only gives an 

approximate cellular location of the protein. We then used mAb directed at the extracellular 

domain of mCD79b to assess whether the proteins were actually expressed at the cell 

surface. We showed previously that the mAb raised against the extracellular domain of 

mCD79b (HM79-11) can recognise both the full length and mllCD79b proteins. 

Interestingly, we were able to detect low levels of full length mCD79b at the cell surface of 

transfected 293T cells, which was enhanced when cells were co-transfected with mCD79a 

allowing the formation of a stable heterodimer, and increased expression at the cell surface. 

However, we were unable to detect expression of mllCD79b either in the presence or 

absence of CD79a. These data appear to indicate that mllCD79b is not expressed at the cell 

surface. However, we reasoned that although the mAb may be capable of binding to the 

short peptide encoded by exon two of mllCD79b, it may be impaired in this context when in 

close proximity to the plasma membrane. To test if this was the case we decided to create a 

fusion protein that contained domains three and four of rat CD4 tethered to the N-tenninus 

of mllCD79b (rCD4d3+4). The theory was that this should create a spacer region 

presenting the short peptide region of mllCD79b away from the plasma membrane, thus 

allowing binding without interference from the close proximity of the plasma membrane. 

293T cells were transfected with both full length (rCDd3+4-mCD79b) and mllCD79b 

(rCD4d3+4-mllCD79b) fusion proteins with or without mCD79a, and surface expression 

assessed using anti-mCD79b (HM79-11) or anti-rCD4 (OX68) mAb. As shown previously, 

the anti-mCD79b mAb could only recognise full-length mCD79b and not mllCD79b. The 

surface expression of full-length mCD79b was once again enhanced when 293T cells were 

co-transfected with mCD79a. It was no surprise that anti-rCD4 mAb recognised 

rCD4d3+4-mCD79b expressed at the cell surface. However, mllCD79b was also detected 
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at the cell surface, when expressed as the rCD4 fusion protein. Surprisingly, the surface 

expression of m~CD79b was enhanced when cells were co-transfected with mCD79a, 

suggesting that m~CD79b can form a stable heterodimer with mCD79a. This evidence 

underlines the findings of Koyama et al., (91) showing the presence of a CD79 heterodimer 

on the surface ofpro-B cells, although a pro-BCR has never been identified on human pro-B 

cells(93). This suggests that CD79b could be expressed on the surface of pro-B cells, 

allowing the generation of intracellular signals that could drive B cell differentiation from 

the pro-B cell stage to the immature stage in the absence of an extemalligand(92, 96, 97). 

Surprisingly, the surface expression of rCD4d3+d-m~CD79b fusion protein was enhanced 

when 293T cells were co-transfected with mCD79a. This is a surprise because the cysteine 

residues required to form disulphide bonds between CD79a and CD79b are deleted in 

m~CD79b, due to the loss of exon three. Although it is likely that ~CD79b is expressed as 

a monomer within the cell cytosol or possibly at the plasma membrane, association between 

CD79a and ~CD79b, and mIg has never been examined. Therefore, ~CD79b could 

associate with mIg due to the expression of polar transmembrane residues present on 

~CD79b, preventing full-length CD79b binding and the formation of a correct BCR(S). It is 

also possible, that ~CD79b could form a stable CD79 heterodimer, stabilising its expression 

at the cell surface and allowing the molecule to interfere with intracellular signalling 

cascades. 

As the data indicated that m~CD79b is located at the plasma membrane, it was predicted 

that m~CD79b may be able to sequester important PTK needed to initiate cell death. At 

early stages of activation following BCR cross-linking, little difference was observed 

between wild type WEHI and clone ~35 WEHI-231 cells over-expressing m~CD79b in 

both tyrosine and threonine activation. However, at later time points it is clear that 

increased PTP is observed in wild type cells compared to clone ~35 cell line. This indicates 

that the duration of signalling is reduced in resistant cells, presumably due to action of 

m~CD79b. This prolonged signalling observed in wild type WEHI-231 cells could be 

similar to situation we observed in the human EHRB cell lines, where prolonged signalling 

was apparent in cells that undergo apoptosis. 

We tried to utilise the immunopreciptation method used previously to isolate specific 

activated PTKs. However, the method could not be optimised for the WEHI-23l cell line 

(data not shown). Therefore, we decided to investigate the activation of downstream 
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signalling molecules that have previously been reported to be important in protecting 

WEHI-231 cell lines from BCR induced apoptosis (174,195). Harnett, et a1.Y96) have recently 

shown that over-expression of the anti-apoptotic factor, Bcl-XL in WEHI-231 cells leads to 

prolonged activation of ERK2 and rescue from cell death. Other reports have also indicated 

that p38 has no effect on the cellular fate ofWEHI-231 cells (43, 173, 195). Our data shows that 

there is no difference in the level or kinetics of p38 activation between wild type or clone 

1-.35 WEHI-231 cells. However, when investigating activation of MAPK, we showed 

differences in activation of ERK2 and not ERKl, confirming previously reported data(174). 

ERK2 appeared to remain activated for longer periods in clone 1-.35 WEHI-231 cells 

compared to wild type cells. Previous data has shown that WEHI-231 cells rescued from 

BCR induced apoptosis by the addition of anti-CD40 mAb showed elevated levels of ERK2 

activation(l74, 197). This data suggests that over-expression of m1-.CD79b in the WEHI-231 

cell line interferes with PTK activation following BCR cross-linking preventing cell death. 

In conclusion, it has been shown that m1-.CD79b expression occurs in both malignant and 

normal murine B cells, both in-vivo murine B lymphoma models and normal in-vivo B 

lymphocytes. m1-.CD79b is expressed at both the mRNA and protein levels, as shown for 

h1-.CD79b, with the level of protein expression correlating to mRNA expression. 

Importantly the protein expression of m1-.CD79b was observed in a non-over expressing 

system. It is also clear that expression of m1-.CD79b appears to correlate with cellular 

susceptibility to BCR induced apoptosis. Our hypothesis of how m1-.CD79b interferes with 

BCR induced apoptosis predicts that m1-.CD79b is situated at the plasma membrane and 

interferes with the signalling cascade. Expression of m1-.CD79b at the plasma membrane 

was confirmed and may help in understanding how 1-.CD79b interferes with pro-apoptotic 

signalling cascades. Although specific PTK activation could not be observed we did 

manage to confirm that wild type WEHI-231 cells do induce prolonged global PTP 

compared with cells that over express m1-.CD79b, and that prolonged activation of ERK2 is 

observed, indicating that m1-.CD79b does interfere with activation of specific PTK inhibiting 

BCR induced apoptosis. 
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Chapter 6 Final Discussion. 

Signalling through the BCR is crucial at all stages of B cell development allowing B cells 

respond to the situation(2). In the case of immature cells, cross-linking of the BCR by self

Ag leads to signals that induce apoptosis and removal of the B cell from the gene pOOl(108). 

Where, mature B cells require intracellular signals driven from the BCR to allow B cells to 

proliferate and differentiate into effector cells leading to removal of the invading pathogen 

from the host(l J J). What is interesting is that the intracellular signals activated by cross

linking BCR are the same in all B cells, and what appears to be important is the kinetics of 

PTK activation that determine cellular fate. 

Since the discovery and the application of mAb for cunng hosts of disease such as 

lymphoma, research has focused on the production of mAb as curative agents(198, 199). 

However, the production of tailor-made anti-Id mAb as a therapeutic agent is both time 

consuming and expensive, therefore, research has focused on the production of single mAb 

that can be used on a number of different patients as an effective remedy(160, 198). The 

importance of intracellular signals initiated by cross-linking the BCR with mAb that may be 

able to induce cell death has also been of interest, since original research showed that B 

cells isolated from patients in remission from NHL, treated with anti-Id mAb, were capable 

of inducing intracellular signals (160). 

Results from this thesis have shown that only mAb raised against the FCIl domain of mIgM 

can effectively induce apoptosis of various in vitro B cell lines. However, all mAb can 

activate intracellular signalling cascades, shown by PTK phosphorylation and release of 

intracellular calcium upon binding to the BCR. It has previously been reported that only 

mAb which are effective at giving therapy can activate PTK(160). However, it is now clear 

that the kinetics and type of PTK activated by cross-linking the BCR is important in 

deciding the fate of the cell. Cross-linking the BCR with anti-Fcll mAb generates a 

prolonged level of PTK activation, compared to mAb raised against other domains of the 

BCR. mAb that cross-linked the BCR, but did not induce apoptosis caused a short period of 

intense PTK activation that quickly fell back to background levels. It appears that it is this 

prolonged kinetics of specific PTK activation which is important in inducing cell death. 

According to Reth, et al.Yo, 42, 128) it is the PTK Syk, which is important for initiating the 

activation of intracellular signalling cascades. Activation of Syk is vital for the activation of 

downstream PTK and release of intracellular ca1cium(171). 
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The basis for importance of Syk in the activation of intracellular signalling cascades is that 

B cells from Syk knockout (Syk -1-) murine models cannot differentiate past the pro-B cell 

stage(44, 126). However, B cells from Lyn knockout (Lyn -/-) murine models can differentiate 

to mature B cells, that appear auto-reactiveCI75, 176,200,201). Therefore, it is apparent that 

where Lyn is important for tuning the immune response, Syk is vital for initiating and 

controlling activation of the intracellular signalling cascade upon cross-linking the BCR(39. 

42). Results here appear to confirm as this little difference was observed in kinetics of Lyn 

activation upon cross-linking the BCR with various mAb. However, anti-Fc).l mAb induced 

prolonged activation of Syk compared to other mAb that caused a rapid increase in levels of 

Syk activation, which fell quickly following activation. 

The PTK Syk has been shown to be essential for the release of intracellular calcium stores 

and subsequent activation of nuclear transcription factors allowing B cells to respond to 

BCR cross-linking(I72). Cross-linking the BCR of immature B cells that contain a null Syk 

protein with Ag will still intemalise, but fail to release intracellular calcium and 

subsequently will not differentiate into mature B cells(44). These results have been 

confirmed by Ma, et aI., (127) who have shown by fluorescent microscopy showing Syk 

tagged with YFP is essential for allowing cross-linked BCR to cap and co-localise following 

treatment with mAb, where Lyn tagged with YFP does not allow BCR to co-localise, but is 

essential for allowing the BCR to intemalise following cross-linking. 

The differences in kinetics of Syk activation also appears to be important in determining the 

fate of B cell in response to cross-linking the BCR. Dolmetsch, et aI., (202) have shown that 

activation of specific nuclear transcription factors relies on differences in the kinetics of 

calcium release upon cross-linking the BCR. A sudden, elevated release of intracellular 

calcium results in the activation ofNFAT, but activation of INK and NF-KB are dependent 

on a moderate, but sustained release of calcium(44, 203). Other research has shown that 

prolonged activation of calcium in B cell models leads to the activation of INK and cellular 

apoptosis(204). Benschop et ai., (108) have also shown that differences in the level of calcium 

release determines the fate of B cells at different stages of B cell development. Cross

linking the BCR of mature B cells with mAb leads to a quick elevated release of 

intracellular calcium, but does not induce cell death. However, cross-linking the BCR of 

immature B cells with mAb that induces cell death leads to a moderate and prolonged 

release in the levels of intracellular calcium(2, 108). As activation of Syk directly correlate's 
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with the release of intracellular calcium, results in this thesis suggest that prolonged 

activation of Syk by anti-Fcll mAb would result in the activation of JNK and NF-KB, 

resulting in cell death. 

The prolonged activation of Syk resulting in cell death upon cross-linking the BCR with 

anti-Fcll mAb is probably caused by a physical disassociation of the CD79 heterodimer 

from mlgM. Modulation experiments showed that the intemalisation kinetics of mlgM 

were similar when BCR was cross-linked with mAb raised against different domains of 

mlgM. However, the intemalisation kinetics of the CD79 heterodimer were slower when 

cells were incubated with anti-Fcll mAb, compared to other mAb raised against the mlgM 

domain of the BCR. These results were confirmed by immunoprecipitation experiments 

which showed that anti-Fcll mAb only bound to mlgM and not the complete BCR, as shown 

by the presence of the CD79 heterodimer which was co-immunoprecipitated with other 

mAb raised against the mlgM domain of the BCR. 

Data presented in this thesis shows that mAb that induce apoptosis lead to a disassociation 

of mlgM from the CD79 heterodimer. This would suggest that the CD79 heterodimer 

would remain at the plasma membrane continuing to signal, leading to prolonged activation 

ofPTKs, including Syk, resulting in cell death, as shown in figure 6.1. However, this would 

directly disagree with theories proposed by Pierce, et aI., (114, 116) that propose cross-linked 

BCR translocates into lipid raft domains of the plasma membrane. The rational behind this, 

is that sucrose density gradient analysis of cross-linked BCR show movement of BCR from 

TX-IOO insoluble fractions into TX-100 insoluble raft fractions(118). It has also been shown 

that the PTK Lyn is mainly located in raft fractions, and therefore would be able to activate 

the ITAM motifs of cross-linked BCR(118, 178). However, there remain several key 

discoveries that argue against this theory. Firstly, as mentioned above Lyn-I- B cells are 

capable of differentiating into mature B cells, which are auto reactive(175, 176, 200, 201). 

Secondly, research using in-vitro Lyn-I- and Syk-I- knock out models have shown that Lyn is 

important for intemalisation of the BCR upon cross-linking and not activation of 

intracellular signalling cascades(44, 127). 

Lipid raft analysis of BCR cross-linked with mAb shows that only polyclonal and anti-Fcll 

mAb cause a translocation of mlgM into lipid raft domains. Surprisingly the CD79 

heterodimer remains outside the lipid raft supporting our hypothesis that mAb which induce 

apoptosis lead to a physical disassociation of the CD79 heterodimer from mlgM upon BCR 
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cross-linking, allowing the CD79 heterodimer to remain at the plasma membrane and signal 

to induce apoptosis. These results have been supported by recently published data which 

shows that the CD79 heterodimer can drive B cell development from outside lipid rafis(20Sl, 

and that a proportion of CD79b remains at the plasma membrane of primary human B cells 

following internalisation ofmIgM upon cross-linking the BCR with polyclonal Ab(206). 

The idea that anti-Fcll mAb induce apoptosis may also be explained as they bind 

bigamously between BCR, compared to mAb that bind monogamously to a single BCR and 

do not induce apoptosis. Bigamously bound mAb may effectively disrupt the oligomeric 

structure of BCR as proposed by Reth et a!., (42). This theory proposes that binding of Ag or 

Ab disrupts a pre-formed BCR oligomeric structure, releasing associated PTPs such as 

SHPl. SHPI along with the PTK Syk, are believed to be constantly phosphorylating and 

de-phosphorylating tyrosine residues located within the CD79 heterodimer IT AM motifs 

generating a basal signal sustaining the life of the cell. mAb that bind to the Fc domain of 

mIgM could disrupt the oligomeric structure of the BCR resulting in the disassociation of 

the CD79 heterodimer from mIgM, allowing Syk to remain activated in the presence of the 

CD79 heterodimer at the plasma membrane. 

The final area of research in this thesis involved investigating an alternative transcript of 

mCD79b that lacked the whole of the extracellular domain encoded by ex on three; 

m~CD79b. Results presented in this thesis confirmed the presence of m~CD79b in both il1-

vivo murine B cells and in-vitro murine B cell lines. It was not surprising that m~CD79b 

showed close homology to the alternative transcript of CD79b previously identified in 

human B cell lines and B cells isolated from B-CLL patients and normal individuals(134. 138. 

141). Therefore, it was also of little surprise to discover that over-expression of m~CD79b in 

the WEHI-231 B cell line inhibited BCR induced apoptosis. From this we hypothesised, 

that m~CD79b must interfere with PTK activation upon cross-linking the BCR, as shown in 

figure 6.2. The reasoning behind this hypothesis is that mutation of the tyrosine residues 

located in the IT AM motif of CD79b to threonine residues ablates the anti-apoptotic 

properties of ~CD79b when over-expressed in a human B lymphoma cellline(l41). 

Experiments looking at the cellular localisation of m~CD79b aided in trying to answer this 

hypothesis, suggesting that m~CD79b may inhibit BCR induced apoptosis by interfering 

with the activation of early PTKs upon BCR cross-linking. Fluorescent microscopy data 

showed that m~CD79b was located near to the plasma membrane of 293T and WEHI-231 
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cell lines. This data was confirmed by flow cytometry data which showed the expression of 

m~CD79b at the cell surface, when transfected with the rCD4d3+4-m~CD79b fusion 

protein. 

Therefore, over-expreSSiOn and cellular localisation studies suggest that m~CD79b is 

located at the plasma membrane of B cells where it can interfere with PTK activation upon 

BCR cross-linking. To address this, we investigated the activation ofPTK upon BCR cross

linking in both wild type WEHI-231 and WEHI-231 cell line that over-expressed m~CD79b 

(~35), and was shown to be resistant to BCR induced apoptosis. Immunoblot analysis 

shows that both the amount and kinetics of PTK were reduced upon BCR cross-linking in 

WEHI-~35 cell line compare to wild type WEHI-231. Surprisingly, although no difference 

was observed in the kinetics of activated p38, Erk2 was activated for prolonged periods in 

stimulated WEHI-~35 cell line. 

Up-regulation of the MAPK; Erk, has been shown previously in WEHI-231 cell lines 

rescued from BCR induced apoptosis(l74, 197). WEHI-231 cell line stimulated to undergo 

apoptosis show short kinetics in Erk2 activation, which is extended if cells are rescued by 

the addition of anti-CD40 mAb(l74). Katz, et at., (196) have recently shown that over

expression of the anti-apoptotic protein BclxL inhibits BCR induced apoptosis, and that this 

correlates with extended kinetics of Erk2 activation, compared to wild type WEHI-231 

cells. Therefore, results presented here suggest that m~CD79b interferes with PTK 

activation, leading to prolonged activation of ERK2 and inhibition of apoptosis. It is most 

likely that m~CD79b is situated near to the plasma membrane, allowing it to interfere with 

the early PTKs, preventing initiation of a full intracellular signal to induce cell death. 

In conclusion, we have tried to show that at different stage of B cell development, the 

kinetics of PTK activation are important for determining the fate of B cells. In the case of 

mAb therapy, mAb that induce prolonged activation of the PTK; Syk, also led to the 

disassociation of the CD79 heterodimer from mlgM. This process allowed prolonged 

signalling and induction of apoptosis. In the murine model, not only did we show that an 

alternative transcript of mCD79b; m~CD79b exists for the first time. We also clearly 

showed that over-expression of m~CD79b leads to reduced PTK activation, prolongd 

activation of Erk2 and inhibited BCR induced apoptosis. Therefore, prolonging the kinetics 

ofPTK activation by cross-linking the BCR leads to cell death ofB cell by apoptosis. 
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6.2 Future Work 

Research carried out III this thesis has not only aided in answenng several important 

questions in the activation of PTK for inducing apoptosis, but, several interesting views 

have developed for future research. Firstly, now we understand how different mAb induce 

apoptosis by activation of early PTKs. However, we have only investigated the activation 

of the early PTKs Lyn and Syk in one cell line. It would be important to further investigate 

the activation of the other PTKs involved in the BCR signalling pathways, and also in the 

other human B cell lines. This could be achieved with the use of 2-D SDS-PAGE and 

proteomic mapping techniques to investigate global PTK activation. This should be 

perfonned at regular time points following cross-linking the BCR with different mAb. This 

technique could also be applied to investingating the activation of PTK in cell lines that 

overexpress the alternative transcript of CD79b, allowing a clearer understanding of the 

PTK actived, or not, by this molecule. 

It would be interesting to investigate which genes are switched on during BCR induced 

apoptosis. Micro-array could be used to investigate which genes are differentially activated 

when B cells are stimulated with different mAb. This would aid in the future development 

of curative agents for lymphoma. As current mAb raised against the BCR cannot be used 

for therapy, the use of small molecules or inhibitors is a possible avenue for investigation. 

One interesting avenue would be the effects of compounds that induce prolonged activation 

of Syk. In breast carcinoma cell lines tested, moderate but constant activation of Syk was a 

trend observed in cell lines that underwent apoptosis(207). There could be a number of 

possible ways for developing compounds, including molecules that inhibit the SHP-l PTP, 

known to regulate the activation of Syk in basal resting cells. 

It would be of interest to determine if mi'1CD79b forms a stable heterodimer with mCD79a, 

as co-transfection of mi'1CD79b with mCD79a increased the expression of mi'1CD79b at the 

cell surface. It would also be of interest to detennine what controls the expression of 

mi'1CD79b in B cells. It is evident that the expression of mi'1CD79b correlates with the B 

cells susceptibility to undergo BCR induced apoptosis. If the protein involved in regulating 

the expression of mi'1CD79b could be located, using similar methods adapted by Konig, et 

at., (208,209) who located the regulating proteins for CD44, then these would prove valuable 

targets for therapy in B-CLL. Over-expression of i'1CD79b has been observed in B-CLL 

patients and is a possible causative factor for disease. Therefore, being able to control the 

expression of i'1CD79b by reducing its expression in B-CLL B cells may lead to cell death. 
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Finally to understand the functional role of m,6.CD79b during B cell development it would 

be of interest to produce a transgenic murine model that over-expresses m,6.CD79b, and to 

observe what the over-expression of m,6.CD79b may have on B cell development. If the 

expression of m,6.CD79b could be controlled by utilising a Cre-Lox system, then the effect 

of over-expressing m,6.CD79b could be observed at different stages of B cell development 

ex-vivo. The effect of overexpresing m,6.CD79b in murine B cells could be investigated at 

the protein level, by looking at PTK affected, and at the genetic level as described above. 
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+--- m~CD79b 

7.1 Appendix A - Cloning of full length mCD79b and mLiCD79b into pPUR 
vector. Following sequence analysis to confirm mCD79b and mf'.CD79b were the correct 
PCR products, cDNA was extracted from agrose gels and ligated into the pPUR (pPuromincin) 
expression vector (a). Restrict digests were performed (b) to ensure the correct PCR product 
had been inselied before transfection of cell lines commenced. 
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(a) 

(b) 

Forward Primer 
TTTCCACGGATTCAGCACGTTCAAGAGACGTGCTGAATC 
CTT GGA AAT TTT TT 

Reverse Primer 
AATTAAAAAATTTCCAAGGATTCAGCACGTCTCTTGAAC 
GTGCTGAATCCTTGGAAAGGCC 

Amptclllin 

(2071)) 

(2009 ) 

&i.pl (2948 i 
(292{l) 

(1 ) 

pSilencer 2.0-U6 
313Q bp 

C~E1 origin 

Hind lll (400) 

siRNA 
BamHI (462) 

... U 6 Promoter 

EcoRI (795) 

C112ll) 

7.2 Appendix B - Designing siRNA for knockout of mACD79b from murine B cell 
lines. Primers were designed according to the Ambion protocol allowing the 
generation of stable siRNA that would span the splice site between exons two and four 
located on mt.CD79b (a). Primers were used to insert the desired sequence into the 
pSILENCER 2.0-U6 vector (b). Sequence analysis was utilised prior to transfections to 
confirm the correct sequence was inserted into the pSILENCER vector before experiments 
were performed. 
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7.3 Appendix C - Cloning of full length mCD79b and mACD79b into pEYFP-l 
vector. Following sequence analysis to confirm mCD79b and milCD79b were the correct 
PCR products, eDNA was extracted from agrose gels and ligated into the pEYFP-l (Yellow 
fluorescent protein) expression vector. Restrict digests were performed to ensure the correct 
PCR product had been inserted before transfection of cell lines commenced. 
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p,cDNA3.1/Zeo 
5.0 kb 

7.4 Appendix D - Cloning full length mCD79b and mdCD79b into pcDNA3.lIZeo 
with rCD4d3+4. Initially rCD4d3+4 was ligated into the pcDNA3.I/Zeo vector allowing the 
generation of a more stable expression system. Following this both full length mCD79b and 
mllCD79b sequenced PCR products were ligated into the vector allowing the generation of 
fusion proteins with the rCD4d3+4 tagged to the N terminus of eiter mCD79b or mllCD79b. 
Restriction digests were performed to confirm the presence of these proteins in the correct 
vector prior to experiments. 
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