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ABSTRACT 

Dendritic cells play a critical role in the induction of the immune response and execute 

unique functions in comparison to other antigen presenting cells such as macrophages and B 

cells. The research in this thesis was directed towards characterizing molecular components of 

dendritic cells and macrophages. The molecules chosen for study were CD45 and an 

uncharacterized protein, the F4/80 molecule. 

CD45 is an important receptor tyrosine phosphatase expressed as various isoforms due to 

highly regulated alternative splicing. Analysis of CD45 cell surface expression on purified, cultured 

splenic and thymic dendritic cells, and freshly isolated dendritic cells, demonstrates that dendritic cells 

express both the CD45R0 and CD45RB isoforms. Biochemical analysis of purified splenic dendritic 

cells confirms the expression of CD45R0 and CD45RB. In addition, purified splenic dendritic cell 

CD45 possesses intrinsic tyrosine phosphatase activity. Macrophage CD45 isoform expression is also 

limited largely to CD45R0 and small amounts of CD45RB or CD45RA depending on the macrophage 

source. CD45 from macrophages possesses comparable tyrosine phosphatase activity relative to 

dendritic cell CD45. The demonstration of CD45 phosphatase activity in cells lacking antigen 

receptors suggests a possible role for CD45 in leukocyte events such as recirculation, homing, 

heterophilic adhesion events, or signalling via non-antigen specific receptors. 

The F4/80 molecule was first characterized over a decade ago and is known to be 

expressed on dendritic cells and macrophages. However, few molecular details of the F4/80 

molecule had been elucidated. This study documents that the F4/80 molecule contains N-linked 

carbohydrates, O-linked carbohydrates, sialic acids primarily in a2-6 linkages to galactose, and 

chondroitin sulfate modifications. Furthermore, the extensive N-linked carbohydrate 

modifications contain a dominant component of repeating N-acetylglucosamine or N -
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acetyllactosamine units. The protein contains extensive intramolecular disulfide bonds, has a slow 

rate of intracellular transport (T/=60 minutes), and has a basic pi of 7.5 for the entire molecule in 

spite of the negative post-translational modifications. The modifications of the F4/80 molecule 

described may also account for certain functional properties. For example, chondroitin sulfate can 

mediate interactions with CD44 and fibronectin, whereas a2-6 linked sialic acids are involved in 

the binding to CD22. Thus, a substantial description of the biochemical nature of the F4/80 

molecule is provided, which leads to direct inferences for potential functions of the molecule. 

In characterizing CD45 and the F4/80 molecule, this work provides a better 

understanding of two proteins of dendritic cells and macrophages. This information should assist 

both the basic understanding of dendritic cell and macrophage biology and in developing 

experimental and clinical targets for functional modulation of dendritic cells and macrophages. 
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1. GENERAL INTRODUCTION 

The discovery of new insights and systems in science is the product of the prior research 

which developed a context for current hypotheses and of the ingenuity of the individual 

researcher and his or her colleagues. The work described in this thesis is no exception as it 

extends and clarifies concepts that are the products of many researchers' work. The beginning of 

this thesis is therefore a short historical account which highlights some of the significant advances 

in immunology prior to the application of modern techniques to the study of the immune system. 

Following this, a more focused introduction of the nature of antigen presenting cells and post-

translational protein modifications will describe the more specific nature of the research in this 

thesis. Finally, the introduction to each chapter will describe the proteins of antigen presenting 

cells that were studied, CD45 and the F4/80 molecule. 

1.1 The immune system 

1.1.1 A brief historical perspective 

The survival of higher organisms including human beings is intrinsically linked to the 

ability to survive insults from pathogenic organisms. The requirement for the maturation of each 

generation has necessitated the evolutionarily driven development of a survival mechanism which 

adapts to protect the population from infectious agents and other foreign molecules which cause 

the death of individuals in the population. Any such system would require the individual to 

respond quickly to any pathogenic organism and to be able to adapt to the ever changing milieu 
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of pathogenic organisms which are also driven by evolution to evade elimination by the 

prospective host. 

One of the first historical accounts of the concept of immunity is conveyed by 

Thucydides as he observed and survived the plague in ca. 450 BC : "Yet still the ones who felt 

most pity for the sick and the dying were those who had had the plague themselves and had 

recovered from it. They knew what it was like and at the same time felt themselves to be safe, 

for no one caught the disease twice, or, if he did, the second attack was never fatal" (1). 

Although the understanding of the mechanisms of disease and immunity was still within the 

realm of demonology and mystical spirituality, the practical consequences of immunity (survival) 

were apparent to all. 

Seminal advances in the study of the immune system were perhaps initiated with the 

observation by Edward Jenner, that immunity to the smallpox virus was present in groups of 

farm workers that daily encountered the related cowpox virus (2,3). This observation and his 

subsequent vaccination study accentuates several key elements of an immune response (IR): the 

specificity of the response, the 'memory' of the body to respond against subsequent challenges 

of the same or closely related pathogen, and that an IR can be induced to specific agents by the 

immunization with that agent, or in the case of cowpox, a related agent. Other cultures had also 

utilized vaccination to prevent various afflictions, including the Chinese who, for over 20 

centuries before Jenner, used dried exudate from smallpox lesions to infect individuals and 

induce protection against smallpox. However, Jenner's observations occurred at the time of the 

intellectual renaissance in European culture, amidst a wealth of other scientific advances. In the 

1670's and 80's, Anton van Leeuwenhoek had developed a microscope that allowed him to 

visualize bacteria (4). These curious observations were largely ignored until the 1800's when 
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industrial revolution advanced the quality and availability of instruments including the 

microscope. With intellectual freedom and the technological advances, the application of 

scientific method to biological problems began in earnest. Louis Pasteur and Robert Koch are 

only two of many scientists that were involved in the explosion of knowledge that occurred 

before the end of the 19th century. Many major bacterial pathogens were identified including the 

causative agents for Anthrax (Bacillus anthracis), Syphilis (Treponema pallidum), and 

Diphtheria (Corynebacterium diptheriae). Koch's postulates also defined the concept that a 

single, specific organism would cause a specific disease. The vaccination protocol which Jenner 

had applied to smallpox, was now utilized by Pasteur and others to attempt protection against 

infectious agents in humans and animals. 

At the level of the individual, the mechanism of immunity is now known to depend upon 

the proper functioning of a complex immune system. Phagocytic activities of cells in response to 

microbial infection were documented in 1887 by Metchnikoff (5) as was the presence of 

protective proteins in the serum of infected individuals. The specificity of these proteins in serum 

was clearly demonstrated by the ability of immune serum to precipitate the antigen to which the 

individual was immune, but not unrelated antigens (6). These proteins were identified as the y-

globulins according to their electrophoretic pattern (7) and termed as immunoglobulin (Ig) due 

to their induction during the IR. The springboard for studies into modern immunology was 

provided by the systematic, genetic analysis of transplantation rejection carried out in the 1940's 

and 1950's by George Snell. Although transplantation is not an event which is involved in 

evolutionary development, the rejection of tissue from an unrelated individual is similar to the 

clearing of pathogenic organisms. A single locus was identified as the primary controlling region 

for the acceptance or rejection of transplants. This locus was termed the major 
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histocompatibility complex (MHC). Inbred strains of mice, disparate at only the MHC locus, 

would accept transplants from mice with the same MHC (syngeneic), but reject transplants from 

mice with differences in the MHC locus (allogeneic) (8,9). The MHC locus has now been 

characterized and consists of three loci, classes I, II and III. The genes in these loci encode 

proteins that serve as the targets for the IR against foreign proteins (MHC class I and II 

proteins), several genes involved in 'processing' the antigens (see Sections 1.2.1 and 1.2.2), and 

other proteins with immune related functions such as tumor necrosis factor-a (TNF-a) and 

complement C4. Proteins unrelated to the IR such as the enzyme 21-hydroxylase are also 

encoded by the MHC locus(lO). The ultimate sequencing of the MHC class I and II protein 

genes, revealed an unprecedented degree of gene polymorphism (10). The three class I MHC 

genes have up to 100 alleles each in humans. Since each individual has 6 class I MHC alleles (3 

from each parent), there are 6 different MHC class I proteins present to be involved in the IR. 

The extensive allelic polymorphism ensures that the population as a whole will survive any given 

pathogen even if a number of individuals in that population perish. 

Even prior to the deoxyribonucleic acid (DNA) cloning of the MHC region, the 

resolution of the functional nature of the MHC class I or class II protein was further clarified in 

the early 1970's with the description of MHC restriction: the requirement of T cells that 

developed in the context of one MHC type to recognize a foreign protein in the context of the 

same MHC in order to recognize that same foreign protein (11). This description propelled 

immunology forward and prepared immunologists to utilize the huge technical advances that 

monoclonal antibody (mAb) generation, x-ray crystallography, protein biochemistry, and 

recombinant DNA techniques provided. We now have an understanding of the IR down to the 

level of molecular structure for certain aspects of the immune system. 
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1.1.2 The specific immune response 

The ability of the immune system to produce a specific response against seemingly any 

antigen, posed an intriguing and puzzling question for immunologists: how does the immune 

system generate such diversity and specificity? The ability of individuals to produce specific Ig 

against a seemingly limitless repertoire of foreign molecules provided the first focus for studying 

the generation of specificity. The production of Abs in soluble form and in large amounts 

facilitated their characterization. The generation of diversity was ultimately explained by the 

clonal selection of lymphocytes which each have a unique antigen receptor created by gene 

rearrangement ((12), reviewed in (5,13)). When the antigen receptor encounters antigen, the cell 

undergoes activation and expansion, producing many clones from the original selected cell. The 

presence of about 109 cells with different specificity at any one time in the body, ensures that a 

given antigen will likely be recognized by at least one cell which will undergo clonal expansion 

to induce an IR. To prevent generating an IR to self-molecules, other mechanisms eliminate or 

inactivate cells which rearrange the antigen receptor genes to produce an anti-self receptor (14). 

The cells possessing antigen-specific receptors are B and T lymphocytes. The B cell 

antigen receptor is a membrane-bound form of Ig produced by alternative splicing. The binding 

of the antigen to the surface Ig (slg) will induce the cell to become activated and divide. For 

most monomelic antigens, the B cell response also depends on helper T cells to produce 

cytokines such as interleukin-2 (IL-2) which serve as a necessary second signal to trigger B cell 

proliferation. Upon activation, a B cell will produce a soluble Ab which will bind to the antigen. 

As is expected for a secreted protein, Abs recognize the intact conformation of molecules, both 

conformational and linear epitopes, as they exist in the extracellular environment. By binding to 
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proteins or organisms, Ab will inactivate them directly or identify these foreign entities for 

clearance by other immune mechanisms. 

In contrast to Ig, T cells possess a specific T cell receptor (TcR) which is exclusively 

expressed as a membrane protein and recognizes denatured peptides of proteins which form a 

complex with MHC class I or II proteins (15). As described above, the MHC region was 

originally identified by the genetic analysis of transplantation rejection. The nature of the foreign 

protein that was recognized by the T cell was the subject of much debate. The analysis of 

macrophage (m(j)) and B cell stimulation of T cells began to elucidate the requirement for 

proteolytic processing of foreign proteins (reviewed in (16)). Upon providing soluble protein or 

bacteria to the antigen presenting cells (APCs), a 30-60 minute period was required before T cell 

stimulation could occur. This 'processing' step was inhibitable by agents such as chloroquine 

and leupeptin that interfere with lysosomal protease function (17,18). Furthermore, fixation of 

cells before the processing step was completed, prevented T cell activation, whereas fixation 

after the processing step did not (17). Another key observation was that presentation of digested 

forms of the antigen were not inhibited by the chloroquine or fixation processes (19,20). This 

research culminated with the mapping of the la (mouse MHC class II) restricted presentation of 

a lysozyme peptide to a 16 amino acid fragment of lysozyme. 

The recognition of class I MHC restricted T cells was also demonstrated to be dependent 

on only small peptides of the antigenic proteins which associate with the MHC class I in order to 

be recognized by T cells (21). The class I MHC antigen processing pathway appeared to be 

distinct from the class II since chloroquine did not interfere with MHC class I presentation, but 

protein synthesis inhibitors did. Therefore, the general paradigm evolved that MHC class I 

proteins presented peptides from proteins synthesized inside the cell while MHC class II 
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pathway appeared to present proteins acquired by endocytosis. This general model does have 

certain exceptions (see (22,23) for examples), but is still a constructive generalization. Antigen 

processing will be more fully explained in Sections 1.2.1 and 1.2.2. 

Once at the cell surface, MHC class I or II are recognized by TcRs which recognize the 

MHC-peptide complex. Additional molecules are also involved in the interactions between the T 

cell and APC such as the adhesion molecule pairs LFA-1 and ICAM-1 and CD2 and LFA-3 

(24). CD4 and CD8 on T cells participate in the TcR-MHC complexes with MHC class II and I 

respectively (25). Because of these co-receptor functions, CD4+ T cells typically recognize 

MHC class II and CD8 + cells MHC class I. CD28 is a T cell molecule which upon binding to the 

B7-1 or B7-2 molecule of APCs, produces a second signal required for TcR-mediated T cell 

activation (26). 

MHC class I is expressed on most nucleated cells of the body with a few exceptions 

(27). Therefore, all cells can potentially be recognized by CD8 + T cells with a TcR specific for 

MHC class I. This allows the CD8 + T cells, which are typically cytotoxic T lymphocytes (CTLs), 

to continuously monitor all cells of the body for infection or 'abnormal' self-protein synthesis. 

Intracellular pathogens such as viruses will synthesize proteins that are degraded and presented 

on the infected cell's MHC class I. Tumor cells can synthesize altered self-proteins which are 

also targets for CTL killing (28,29). Therefore, it is important that MHC class I is expressed on 

most cells to permit the detection of their infection or transformation. 

MHC class II is primarily expressed on specialized cells of the immune system including 

dendritic cells (DCs), activated mcj)s, and activated B cells (30). MHC class II is also inducible 

on certain other cell types including epithelial cells and activated T cells in some systems 

(31,32). This expression pattern suggests that MHC class II has a more specialized role in 
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controlling the immune system. The CD4+ cells that recognize MHC class II influence the IR by 

the secretion of specific cytokines to induce the activation of B cells, the switching of Ig isotype, 

activation of m<t>s, enhancement of CTL development, and numerous other functions (33). Since 

these cells were identified as helping other cells, the CD4+ T cells are referred to as helper T 

(Th) cells. In addition to a signal transduced by the binding of the B cell surface Ig to the 

antigen, B cell division and maturation into antibody secreting cells depends on cytokines such 

as IL-2 and IL-4 from helper cells to provide a second stimulus. IL-2 will also help CTL 

activation which makes T helper cells important in CTL development. 

Since the presence of a strong CD4+ Th response is important to the entire IR, T cell 

activation by the specialized APCs is critical. It is therefore of interest to understand each phase 

of APC function, from antigen uptake and processing, to the activation of T cells and other 

immune system functions that these cells may control. In addition, a definition of the roles that B 

cells, mc|), and DCs occupy would also assist in developing mechanisms to modulate the IR. 

1.2 Antigen presentation and antigen presenting cells 

The mechanisms involved in processing of antigens are clearly important in 

understanding the role of APCs in the IR. Therefore, a brief outline of the MHC class I and II 

processing pathways will proceed a description of the APC activity of m<J>s and B cells. This 

discussion should set the context for a more detailed introduction to the nature of the DC, the 

cell type which directed the research focus of this thesis. 
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1.2.1 Class I M H C 

The nature of the MHC class I-antigenic peptide complex was resolved in 1987 with the 

solving of the crystal structure for HLA-A2, a human MHC class I protein (34). The structure 

revealed a binding cleft formed by the a-helical sides and 0-pleated sheet floor dictated by the 

a l and ct2 domains of the MHC encoded heavy chain. MHC class I also associates with a non-

MHC encoded protein (^-microglobulin (P2m) (Figure 1A) which stabilizes the structure after 

peptide binding for transport to the cell surface for recognition by T cells. The crystal structure 

also revealed an electron dense material in the binding cleft which represented the array of 

peptides able to bind HLA-A2. The crystal structure of MHC class I molecules after loading 

with a single peptide permitted the delineation of the crystal structure of the peptide and MHC 

class I regions interacting with the peptide (35). These results confirmed other studies which had 

predicted specific anchor residues in the peptides which bind into pockets, designated A to F, 

formed by the MHC class I protein (36). For example, the mouse H-2 K b molecule binds 8 

amino acid peptides with a Phe or Tyr residue in position 5 and a Leu at position 8 due to the 

specificity of the MHC pockets (36,37). The peptide's N-terminal amino acid is anchored by 

pocket A whereas pocket F has affinity for the C-terminal amino acid. The remaining amino 

acids can be variable to some degree and will specify minor interactions with the MHC pockets 

or interactions with the TcR. Figure IB shows a view of the MHC-peptide complex that a T cell 

would view as it approaches in attempting to bind (34). 

The pathway that results in the MHC class I-peptide expression at the cell surface begins 

with the cytoplasmic synthesis of a foreign organism or self-protein (schematically represented in 

Figure 2). The degradation of the protein is carried out by the proteasome (40). The 

multisubunit proteasome complex (41) consists of a barrel-like structure created by two rings at 
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Figure 1: 3-Dimensional Structure of MHC class I and H 

A) The 3-dimensional structure of the human class I protein, HLA-A2, is shown from the 
side and B) from the perspective of the TcR looking down into the peptide binding cleft. The 
depictions are derived from (34). 

C) The 3-dimensional structure of the human class II protein, HLA-DR1. D) The peptide 
binding clefts of MHC class I and MHC class II as seen from above, are drawn to indicate their 
similarity. The depictions are derived from (38) and (39). 
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each end of the barrel composed of seven a subunits each and two rings for the middle of the 

barrel created by seven J3 subunits each. Interestingly, two of the optional low molecular weight 

proteins (LMP) of the proteasome, LMP-2 and LMP-7, are encoded in the MHC (40). The 

proteasome degrades proteins into peptides of 8 to 10 amino acids due to the molecular spacing 

of the catalytic P subunits. Perhaps not coincidentally, MHC class I preferentially binds peptides 

of 8 to 10 amino acids. 

The peptides from the proteasome are transported into the endoplasmic reticulum (ER) 

by TAP-1 and TAP-2 (Transporter associated with Antigen Presentation) (30). These proteins 

are members of the adenosine triphosphate (ATP) binding cassette family of transporter 

proteins. The two proteins are encoded in the MHC class TJ locus and exist as polymorphic 

alleles which may complement the MHC polymorphism. The nature of the complex is commonly 

proposed to be a heterodimer of TAP-1 and TAP-2, but functional transport of at least some 

peptides can occur in the presence of only one of the TAP molecules (42). Furthermore, TAP 

molecules are physically associated with the MHC class I heavy chain in the ER, which should 

serve to increase the local concentration of peptide for MHC class I binding. 

The assembly of the final complex of MHC class I heavy chain, peptide , and p2m is 

generally dependent on the presence of all three components. The MHC class I heavy chain is 

retained in the ER by the chaperone calnexin which is displaced upon peptide binding (43). The 

binding of P2m to the complex, stabilizes the peptide binding and completes conformational 

changes in the complex which permit the egress of the complex from the ER, through the Golgi 

to the cell surface (Figure 1 and Figure 2). The dependence of this process on peptide and P2m, 

is emphasized by cell lines and knockout mice lacking a TAP-1 molecule (and therefore lacking 
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the majority of peptides in the ER) or p2m which express significantly less MHC class I on the 

cell surface (44,45). 

The exquisite levels of control for the surface expression of class I MHC likely reflect the 

important consequences of aberrant expression, recognition and cell killing by CTLs. Ultimately, 

the immune system wishes to retain the ability to present peptides from infected or tumorogenic 

cells while ensuring that normal cells are not indiscriminately attacked by CTLs. 

1.2.2 Class n M H C 

As briefly outlined in Section 1.1.2, MHC class II primarily presents peptide antigens 

derived from proteins acquired from the extracellular environment. The processing of 

endocytosed protein had been assumed to occur in an endosomal compartment, although the 

precise compartment proposed varied in different cell types and in work from different 

laboratories (30,46). The MHC class II processing pathway is represented in Figure 2. 

Lysosomes do appear to be the most efficient compartment for producing peptides, but 

proteolysis can also occur in early endosomes and in a newly characterized compartment, the 

MHC class II containing compartment (MIIC) (47,48). The synthesis of the MHC class II 

proteins and their assembly and transport to the peptide binding compartment is well 

characterized (reviewed in (48)). The MHC class II a and 3 chains assemble in the ER with the 

invariant chain (Ii) into a nonamer (o^Iis) (49). The Ii serves two primary purposes. The first 

is to block the peptide binding cleft to prevent ER peptides from binding to class II, and the 

second is to route the MHC class II proteins to the endocytic pathway (50,51). The Ii is cleaved 

in the MIIC leaving only the Ii fragment in the binding cleft. This CLIP (class II Ii peptide) 
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peptide is likely removed by the MHC class II related D M molecule which also localizes to the 

MIIC (52). The empty class II molecule is then free to bind peptides which have accumulated in 

the MTIC before transport to the cell surface. 

The crystal structure of the MHC class II molecule did not produce many surprises (38) 

(Figure IC and D). The overall structure is similar to MHC class I with a helices and P pleated 

sheets forming a peptide binding cleft contributed to by the a and 3 chains. The cleft ends are 

relatively open compared to MHC class I, providing no anchoring via the N-and C-terminal 

residues. Instead, the MHC class II peptide is anchored via the pockets within the cleft. This 

allows the peptides to extend from the end of the groove as long as the anchor residues are 

aligned in the cleft. This explains the heterogeneity in the size of peptides associated with MHC 

class II (53). The structural combination of peptide and MHC that the T cells will recognize is 

relatively similar to that of MHC class I (Figure ID). 

1.2.3 Antigen presenting cells 

1.2.3.1 Macrophages and B cells 

M(|>s, B cells, and DCs are the cell types considered as professional APCs. The focus of 

the research in this thesis has been on describing protein molecules in DCs which could 

contribute to the unique DC functions. Therefore, DC function and phenotype will more be 

thoroughly discussed in Section 1.2.3.2. The antigen presentation and other functions of B cells 

and mcj)s are interesting on their own and are relevant as comparative systems for DCs. 

B cells, primary function is to produce and secrete Abs against specific molecules in an 

IR. As outlined in Section 1.1.2, the B cells are clonally selected by their antigen specificity, 
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clonally expanded in response to antigen and cytokines in the ensuing IR, and ultimately secrete 

Abs. The expression of MHC class II in activated B cells, also endows B cells with the ability to 

stimulate T helper cells. The B cell is in a desirable situation to influence the class II MHC 

restricted IR since the B cell surface Ig preferentially concentrates the antigen recognized by the 

slg. The slg-antigen complex can be endocytosed and delivered to compartments where peptides 

from the antigen will dominate the repertoire of peptides which will be bound by MHC class II 

(54). The entire IR is thus skewed towards producing Th cells with specificity for proteins that 

are recognized at a higher affinity by the B cell slg, and therefore concentrated more efficiently. 

The subsequent secretion of cytokines from the activated T h cells will ensure that the B cell will 

continue to divide, perhaps undergo class switching, and continue to secrete antibody. 

Experiments comparing the antigen presenting capability of DCs with B cells have found 

that even activated B cells stimulate a primary T cell response four-fold less efficiently than DCs 

(55-57). The B cell as an APC is more important in a secondary response where B cells 

preferentially activate Th cells with specificity for the antigen bound by the slg. 

M(|)s are considered a Jack-of-all-trades since they fulfill many functions in the immune 

system. The phagocytic activity of m<j)s is utilized for several purposes including the removal of 

dead cells from the bone marrow and thymus, the removal of bacteria, and the uptake of foreign 

proteins. M<}> surface receptors play a key role in these mfy functions. Fc receptors of several 

types are present on most m(j»s and function to bind Ab-antigen complexes(58). The Ab may 

have bound to a soluble protein which will be endocytosed and digested with the Ab-FcR 

complex. The Ab may also bind to an intact organism or virus which will normally be 

phagocytosed and destroyed. Ab can also recognize foreign proteins expressed on infected cells 

which can lead to the cell's elimination by antibody dependent cellular cytotoxicity (ADCC). 
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M<f)s also remove bacteria via receptors for the complement C3b molecule which opsonizes 

pathogens. The Man-Fuc receptor is one well characterized receptor involved in binding and 

uptake of glycoproteins (59). The scavenger receptor is notable for its involvement in the uptake 

of lipopolysaccharide (LPS), lipoteichoic acid, and oxidized lipoprotein. Several receptors are 

also involved in the uptake of low density lipoproteins (LDLs) from the circulation (60). 

The activation of mobs by cytokines such as Interferon-y (IFN-y), functions to eliminate 

intracellular pathogens. The induction of nitric oxide production and the oxygen burst which 

produces oxygen radicals, act in concert with m<J> proteases to eliminate most intracellular 

pathogens such as Listeria monocytogenes, salmonellae, mycobacteria, and leishmaniae which 

can otherwise replicate inside the cell (61-63). M(J) activation also induces MHC class II 

expression. M(j)s were initially considered the primary APC due to their obvious systems for 

protein uptake and degradation (16). M«j>s are clearly capable of stimulating T cells, but most 

systems utilized secondary responses or T cell lines and clones to assess T cell activation. The 

general failure of mcj)s to function in the initial, primary IR is now clear (64). However, m<|>s 

likely retain an important role in subsequent IRs since antigen can be concentrated via Fc 

receptor binding of Ab-antigen complexes and since the requirements for T cell activation in a 

secondary response are satisfied by mc|>s. 

1.2.3.2 Dendritic cells 

1.2.3.2.1 Identification, classification, and development 

DCs are a trace population of cells within the immune system, representing only 0.5 to 1.0 

percent of leukocytes. The phenotype of DCs, with their dendritic processes, amorphous nucleus, motile 
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nature, and apparent lack of classical endocytosis (65) separates DCs from mfys. This original 

morphological and histochemical description of DCs was soon supported with distinct tissue distribution 

and functional data for DCs relative to m<j)s (66-68). In particular, the DC was recognized as a potent 

stimulator of T cell responses (68). Despite the limited number of DCs, these cells perform unique and 

essential roles in initiating several key immunological phenomena including primary, secondary, and 

memory T cell stimulation, transplant rejection, and the maintenance of self-tolerance (reviewed in (69)). 

DCs form an interactive network of cells between lymphoid organs (spleen, lymph nodes, Peye^s patches, 

etc.), lymphatics, blood, skin (Langerhans Cells (LCs)), and various organs (heart, liver, and lung). The 

location of DCs at all of these locations creates an antigen sampling system to monitor the entire body 

for foreign molecules, infection, or tumor development (69-71). 

DCs have been known to be bone marrow derived, but a more precise description of their 

developmental lineage has only recently been completed. The key observation has been the 

dependence of DC development on granulocyte-macrophage colony stimulating factor (GM-CSF). 

The addition of GM-CSF to bone marrow cultures (72) or blood mononuclear cells (73), 

preferentially expands DCs from a proliferating precursor. Non-proliferating DCs are released from 

clusters of cells which contain the proliferating precursor. This precursor is, not surprisingly, from the 

myeloid lineage since granulocytes and m<J>s can be derived from the same precursor cultures (74). 

GM-CSF effects are augmented by TNFa (75) and IL-1 (76) which likely serve to upregulate the 

number of GM-CSF receptors (75,77). GM-CSF responsive DC precursors are also present in the 

blood and may serve as an extra source of DCs to replenish DCs throughout the body (73). 

Development of thymic DCs from precursors common to thymocytes and thymic DCs has been 

documented as an alternative to myeloid development and may be relevant for the function of DCs in 

thymocyte tolerance induction (78). 
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1.2.3.2.2 Function and Phenotype 

DCs are unique in their ability to stimulate a primary T cell response, including the primary 

mixed lymphocyte reaction (MLR) (68), response to superantigen (79), and primary CTL response to 

hapten (80) and viral antigen (81). As few as 1 DC per 100 responder T cells will still produce 

maximal proliferation in primary MLRs (68). B cells and m<j)s do not efficiently stimulate primary T 

cells (57,68,81), although all three APC types can stimulate secondary T cell responses (56). 

Antibody production against soluble antigen is also thought to depend largely on DCs in a primary 

response (64,82) since antigen specific B cells can be isolated from DC-T cell clusters during the 

initiation of the IR. DCs are also implicated in thymic T cell tolerance since cell activation of a 

thymocyte leads to deletion rather than activation (83,84). Bone marrow chimera experiments have 

suggested the presence of a bone marrow derived cell type involved in thymic deletion of T cells (85), 

although thymic epithelium is also clearly involved in the tolerizing process. Further experiments (86-

88) have shown that DCs are capable of inducing self tolerance in the thymus, although cell types 

such as B cells and thymic epithelia are also involved. 

In order for DCs to be able to efficiently present antigen to T cells, the DC must first acquire 

the antigen, process the antigen into immunogenic peptides, and present the MHC-peptide complex 

to T cells. For MHC class I presentation, the DC can be infected by the intracellular pathogen, the 

proteasome digests the endogenously made protein, the peptides are translocated into the ER by the 

TAP proteins, and MHC class I assembles before it is transported to the surface as discussed in 

Section 1.2.1. The acquisition of proteins for the MHC class U presentation pathway has been more 

difficult to explain. The original, and still valid, description of DCs described the apparent lack of an 

active endocytic pathway and lysosomal system for uptake and degradation of exogenous protein 
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(65,66,89,90). Instead 'vacuoles' were observed which did not fit the expectations of a lysosomal 

degradative pathway (65-67). DCs do not acquire peptides regurgitated from m<j>s. A T cell clone will 

not be stimulated by DCs of the restricting MHC if mixed with MHC mismatched m<j)s (64,91). More 

careful analysis of the DC endocytic pathway has now explained the apparent mystery of DC class II 

antigen processing. Analysis of isolated LCs demonstrated the presence of acidic endosomes which 

were absent following in vitro culture (92). The functional correlate of these two LC populations is 

that freshly isolated LCs (fLCs) are capable of processing and presenting whole antigen, but cultured 

LCs (cLCs) cannot (93). Similar observations apply to fresh splenic DCs which can process 

exogenous antigen whereas overnight cultured splenic DCs cannot (94,95). The ability of DCs and 

LCs to endocytose antigen in vivo was also demonstrated in several systems (64,96,97). For example, 

antigen is detectable in DCs as soon as two hours after intraperitoneal injection (64). M(j>s are still not 

functional six hours post-injection even in stimulating a secondary response (64). Fluid phase uptake 

in DCs has now been shown to be greater than in other cell types (98-100), but proceeds via 

macropinocytosis rather than pinocytosis. The uptake of large vesicles permits the uptake of one cell 

volume of fluid per hour by one DC (99). The macropinocytotic vesicles are transported inside the 

cell where at least a portion of their contents fuse with the class II rich vesicles (99,101). 

DCs also possess receptor-mediated mechanisms for antigen uptake which, although not 

antigen specific like B cell surface Ig, serve to concentrate antigens inside the DCs. DCs utilize FcRy, 

the DEC-205 protein, and the Man-Fuc receptor (99,102,103) for protein internalization. The 

internalized proteins are then processed and efficiently presented by DCs. Interestingly, DEC-205 

contains 10 C-type lectin domains and therefore also exhibits the general specificity for carbohydrates 

like the Man-Fuc receptor (103). Since the degradation pathway is underdeveloped in DCs, these 

receptors are more actively recycled, allowing the repetitive uptake of proteins (99). 
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The antigen processing capacity of DCs is also controlled by their rate of MHC class II 

synthesis (104,105). fLCs synthesize both MHC class II a and P chains as well as Ii very rapidly, 

whereas in vitro cultured LCs have very low rates of MHC class U a and P synthesis and Ii synthesis 

with a concomitant increase in MHC class U molecule stability at the cell surface. The LC MHC class 

U shows no decrease in expression after 32 hours, whereas MHC class TJ on m<j)s is reduced by 55% 

after 20 hours (105). Therefore, the antigens acquired from the skin will be efficiently processed and 

displayed with MHC class n and not displaced by the continued processing of new MHC class n. 

This ensures that the antigens acquired by LCs as they surveyed the skin for foreign agents, are 

presented to T cells in the draining lymph nodes. 

As the LC migrates to the lymph node, one can conceptually envision the LC changing its 

physiology from antigen uptake and processing to enhanced T cell stimulatory capabilities. This 

expectation has been shown to be true. For example, if peptide antigen is provided, the cLC can 

stimulate T cells 10-fold more efficiently than fLC (93). The change between fLC and cLC is thought 

to mimic the alterations which occur as an LC acquires antigen and migrates to the local lymph node. 

The control of this DC 'maturation' is mediated by cytokines and other factors produced by the 

innate, non-specific IR or factors commonly associated with inflammation. The immature state is 

likely maintained by GM-CSF produced by keratinocytes and IL-4 (99). TNF-a is produced in 

dermal tissue following antigen encounter and likely induces DCs to begin migration to the local 

lymph node (106). IL-1, which has long been known to augment DC T cell stimulatory properties 

(107,108), is also commonly produced by m<J)S as an early inflammatory response. LPS is another 

common immune regulator found at the site of bacterial infection. All three of TNF-a, IL-1, and LPS 

initiate the down-regulation of antigen processing functions of DCs including macropinocytosis which 

is otherwise utilized constitutively by DCs (99). The phenotypic, stepwise alteration from the antigen 
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acquisition and processing stage to the T cell stimulatory phase is now considered a hallmark 

characteristic of DCs. 

The phenotypic change between the two stages of DC maturation, also encompasses cell 

surface molecules. The DC cell surface expresses several molecules which are important for function 

including those molecules involved in DC adhesion mechanisms, MHC molecules for interaction with 

the TcR, DC costimulatory molecules, and receptors which serve to modulate DC function. As DCs 

begin the maturation phase, molecules including the FcRyl and Ii are downregulated and other 

molecules such as MHC class TJ, ICAM-1, LFA-1, B7-1, and B7-2 are upregulated (57,94,95,109) 

The adhesion molecules of DCs include ICAM-1, ICAM-3, LFA-1, heat stable antigen, and LFA-3 

(57,110,111). These molecules are important for DC adhesion to T cells since antibodies which 

disrupt the LFA-1 binding interfere with the primary MLR and affect DC-T cell cluster stability 

(112). However, this effect is proceeded by an antigen independent, LFA-1 independent, clustering of 

DCs with T cells (112,113) which is also crucial for DCs1 potency in stimulating the primary TRs 

(82,113). This clustering allows TcR specific interactions to occur after which the other adhesion 

molecules strengthen the DC-T cell binding. Since T cell recognition of antigen is determined by TcR 

interaction with MHC class I or U molecules and associated antigen peptides (15), it is not surprising 

that DCs constitutively express very high levels of MHC class I and TJ proteins which are further 

upregulated as DCs prepare to encounter T cells. 

The activation of T cells is generally considered to require two signals, one via the TcR and 

one via costimulatory molecules (26,32). DCs express high levels of receptors for CD28, B7-1 

(CD80) and B7-2 (CD86), which are both expressed at high levels on DCs and are upregulated 

following maturation (57,100,114-117). Interference with the binding of DCs to CD28 reduces T 
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cell stimulation by 3-fold in one system (57) and 90% in another system (117), but not to background 

levels, which indicates other costimulatory mechanisms may also be present on DCs. 

As described above, the modulation of DC function and phenotype is controlled by cytokines 

and inflammatory factors. The presence of receptors for GM-CSF and IL-1 has been clearly shown 

(76) as has a low level of CD14 for binding LPS (100). IL-4 and TNF-a receptors are also present. 

The presence of CD40 on DCs (118) also has functional implications for DC maturation. The CD40-

CD40 ligand (CD40-L) interaction was first shown to be important for T cell dependent B cell 

activation (119) where B cell CD40 engagement induces a proliferative rather than apoptotic 

response to surface Ig signaling. CD40 crosslinking on DCs increases DC viability likely also by 

prevention of apoptosis (120,121). In addition, CD40 ligation upregulates LFA-3, B7-1, B7-2, 

CD25, and class U MHC (120). The production of TNF-a, IL-8, and macrophage inflammatory 

protein-la by DCs is also induced. Therefore, upon encountering CD40-L on T cells in the lymph 

node, DC maturation is further driven to optimize T cell stimulation and DC viability is increased. A 

representation of some of the molecules involved in the DC-T cell interaction is shown in Figure 3. 

In addition to the antigen presentation functions of DCs, DCs have also become implicated in 

allergic responses mediated by IgE. DCs express CD23, the low affinity IgE receptor, and FcRsI, the 

high affinity receptor for IgE (122-124). DCs have been shown to bind IgE in allergic responses 

(124,125) and crosslinking of FceRI has been shown to evoke a calcium flux in DCs (126,127). DCs 

could be presenting the IgE-bound allergen to T cells, thus potentiating the anti-allergen T cell 

response. Alternatively, the DCs may produce cytokines or other effector molecules triggered by the 

Ca^ flux. The precise role of DCs in controlling of the IgE-mediated IR remains to be determined. 
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The specialized functions of DCs places them in a unique position for controlling the IR. A 

desirable IR could be augmented by increasing DC function whereas an unwanted IR such as 

autoimmunity or transplant rejection could potential be prevented by interfering with DC function. 

The use of DCs as nature's adjuvant (128) has been proposed and utilized in vaccination 

protocols for the induction of antibody and CTL responses. Antigen provided extracellularly will be 

endocytosed and presented via the class U MHC pathway to stimulate a CD4+ helper T cell response 

as shown with numerous soluble proteins (reviewed in (69)) and for organisms such as mycobacteria 

(97). Although a primary CTL response has been induced by in vitro infection of DCs (81), a more 

practical delivery approach may be using soluble proteins delivered in pH-sensitive liposomes (130). 

A CTL response to soluble ovalbumin was efficiently elicited by DCs if pulsed in vitro or in vivo with 

antigen in pH sensitive liposomes. The ease and efficiency of this system may prove useful in 

designing vaccines to promote CTL based immunity. 

DCs are also notably unique in their ability to overcome antigen presentation deficiencies. In 

the mutant bml3 and bml4 mouse strains, the H-2Db presentation of the H-Y antigen is defective 

due to mutations in the bml3 or 14 molecules' peptide binding clefts. However, purified H-TD*™13 or 

H 2 D b m i 4 D C s c a n s t i m u i a t e H-2Db, H-Y specific T cells (131). The unique ability of DCs to mediate 

T cell stimulation under certain conditions is readily applicable to cancer treatment (70). Studies have 

reported the successful induction of anti-tumor immunity utilizing DCs pulsed with tumor cell 

membranes in vivo before injecting the DCs into the animal (132,133). Reports of clinical trials 

involving the generation of DCs from blood precursors (134) and pulsing with isolated tumor cells 

prior to infusion into the patient are not likely far off. 

The ability of DCs to produce antigen specific primary CTL in vitro is also relevant to 

immune based treatment of tumors. Viral models have demonstrated the outgrowth of virus specific 
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CTL from naive populations when DC stimulators were infected with virus or incubated with a 

specific viral peptide (81,135). The ability to expand tumor specific CTL in vitro utilizing the 

patient's T cells, DCs, and a tumor sample has yet to be explored. 

The strong stimulatory capacity of DCs and high MHC expression also support hypotheses 

which implicate DCs in autoimmune disease (136-138) and as the passenger leukocytes responsible 

for graft rejection (139). Studies tracing DC migration following heart transplantation revealed that 

donor DCs leave the graft and home to the recipient spleen where recipient T cell stimulation occurs 

resulting in graft rejection (140). This situation also likely occurs in transplants of skin and kidney 

where DCs are also present (141,142). In vitro pretreatment of thyroid gland allografts with a mAb 

and complement, showed near 100 percent acceptance of grafts pretreated with MHC class U mAb 

or the DC-specific mAb 33D1 (143). Similarly, allografts of dissociated islets of Langerhans are also 

accepted if pretreated with anti-MHC class II or the 33D1 mAb (144). The successful adaptation of 

protocols to remove DCs from solid tissue transplants may also reduce the rejection rate in these 

procedures. 

The importance of DCs in HTV infection is also worth noting. While the majority of research 

in the HTV field is concerned with T cell infection, infection of m(j)s, DCs, and follicular dendritic cells 

is likely of equal importance (145,146). DCs isolated from HIV* patients contain utfectious virus 

(147) and purified DCs from uninfected patients can be productively infected with HTV (148). 

Therefore, it is likely that DCs serve as a reservoir for HTV prior to disease onset and provide a 

mechanism for subsequent infection of CD4+ T cells (149). Furthermore, DCs have also been 

implicated in mechanisms for killing of uninfected T cells by rare HIV* T cells (150). 
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1.3 Post-translational modifications of plasma membrane antigens 

The previous section has highlighted the presence of several cell surface 

molecules that are important for DC function. The functions of these molecules range from the 

establishment of cell-cell interactions to providers of T cell costimulatory signals to growth 

factor receptors to the ultra-specialized MHC class I and II molecules. By understanding the 

functional role of each molecule, the composite picture of DC function has become clearer. In 

undertaking the characterization of DCs, many of the mechanisms described in Section 1.2.3.2 

were not understood and many questions of DC function still remain now to be answered. We 

had hypothesized that DC cell surface molecules would be central to DC function and therefore 

concentrated on characterizing DC cell surface proteins. The following sections, therefore, 

introduce general qualities of cell surface proteins. Key among these, and a central theme of the 

research, are the post-translational modifications which proteins undergo. These modifications 

perform key structural and functional roles for proteins as will be described in Section 1.3. 

Proteins of the plasma membrane are initially synthesized by ribosomes and directed to 

the ER by the signal peptide-signal recognition protein interaction (151). The signal sequence is 

cleaved, the protein translation is completed, and the protein remains associated with the ER 

membrane via one or more transmembrane sequences. Typically the protein's N-terminus is in 

the ER lumen and the C-terminus in the cytoplasm. Proteins showing this orientation are 

referred to as a Type I membrane proteins whereas Type II proteins utilize an internal signal 

sequence and are in the inverse orientation relative to Type I proteins. Type III proteins do not 

fall under either of the Type I or II categories. One of the first modifications to the protein 

occurs co-translationally by the addition of an oligosaccharide to certain Asn residues. This 

process will described further in Section 1.3.1. The translated protein is often bound by 
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chaperone molecules such as the heat shock protein family members, BIP, or calnexin. The 

formation of disulfide bonds, catalyzed by protein disulfide isomerase, is an early event in the 

folding of many proteins (152). Following proper folding, proteins destined for the plasma 

membrane leave the ER and pass through the cis, medial, and trans-Golgi apparatus which are 

the sites of many of the processes described in the following sections. Most proteins are then 

delivered to the plasma membrane, although some including MHC class II (described in Section 

1.2.2), are routed through the trans-Golgi network and other post-Golgi vesicular compartments 

prior to arriving at the cell surface or remaining in intracellular compartments. 

1,3.1 N - and O-linked glvcosvlation 

1.3.1.1 Synthesis 

Several reviews describing the mechanism and control of N-linked glycosylation exist 

(153,154) so mechanistic detail will not be delved into here. Instead, the processes that occur 

will be related to the effect of structural alterations or to the demonstrated or proposed function 

of the particular carbohydrate structure. N-linked glycosylation can occur on Asn residues in the 

sequence Asn-X-Ser/Thr where X is not Pro or Gly. The initial core oligosaccharide is 

transferred to the Asn from a dolichol-phosphate lipid carrier in the ER. The core 

oligosaccharide has the structure shown in Figure 4. 

The oligosaccharide processing is initiated immediately in the ER by the removal of the 

terminal Glc residue and subsequent removal of the other two Glc residues. The removal of 

zero, one, or two core Man residues is also possible at this stage to produce a Mang^orzGlcNAc? 
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Manal-2 Manal. 

6

3Manal, 

Manal-2 Manal^ 6

3 Manpl-4 GlcNAcpl-4GlcNAc-P-P-Dol 

Glca 1 -2Glca 1 -3Glca 1 -3Mana 1 -2Mana 1 -2Mana 1' 

Figure 4: Structure of the core N-linked oligosaccharide 
The structure of the N-linked oligosaccharide transferred from the dolichol phosphate 

carrier is represented. The abbreviations for the respective monosaccharides are identical to 
those described in Figure 5. 

structure. This structure is then reglucosylated and immediately deglucosylated again which has 

functional implications as described in the next section. 

Upon exiting the ER and entering the cis-Golgi, the N-linked glycan is further modified 

by the removal of two Mans, one from the al-3Manal -6Manpi-4GlcNAc branch and one from 

the al-3Manpi-4GlcNAc branch, to form a Man5GlcNAc2. Proteins destined for lysosomal 

expression do not lose these two Man groups, but are instead phosphorylated on specific Man 

residues. This phosphorylation ultimately targets the glycoprotein to the lysosome via binding to 

the Man 6-phosphate receptor (155,156). For non-lysosomal glycoproteins, the Man5GlcNAc2 

form is transported to the cis-Golgi where processing continues by the addition of GlcNAc to 

the terminus of the cd-3Manpi-4GlcNAc branch. An important technical note is that the 

enzyme endoglycosidase H (Endo H) will recognize the Man^g,^ GlcNAc2 structure and cleave 

the oligosaccharide between the core GlcNAcpi-4GlcNAc bond. Since Endo H does not 

recognize the glycan after further trimming of Man residues and GlcNAc addition to the a l -

6Man branch in the medial-Golgi, only the glycans in the ER, cis-Golgi, and early medial-Golgi 
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OH HO 

cc-D-Mannose (Man) a-L-Fucose (Fuc) 

P-D-Xylose (Xyl) ot-N-Acetylneuraminic acid 
(SA) 

Figure 5: Structures of monosaccharides most commonly found in glycoproteins 
The structures of the monosaccharides that commonly occur in glycoproteins are shown. 

The abbreviations utilized throughout the body of this thesis are indicated for each 
monosaccharide. The variations in different forms of sialic acids are not indicated and are 
collectively referred to as sialic acids throughout the text. 
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are sensitive to Endo H. Glycan structures in the late medial-Golgi and trans-Golgi are resistant 

to Endo H cleavage. The kinetics of protein transport from the ER to the medial-Golgi can 

therefore be monitored by the conversion from an Endo H sensitive to Endo H resistant form. 

The removal of two more Man residues from the al-3Manal-6Manpi-4GlcNAc branch 

is the final trimming of the oligosaccharide. Nucleotide monosaccharides act as donors to feed 

the enzymatic addition of the terminal glycan residues in the medial and trans-Golgi. The sugars 

added at this point include the GlcNAc residues in the medial-Golgi to which more GlcNAc, or 

Gal, Fuc, and SA can be added as the glycoprotein passes through the trans-Golgi and trans-

Golgi network to the plasma membrane. 

The sequence of events is subject to many levels of control at each step of carbohydrate 

processing. For example, only 30-40% of potential Asn-X-Ser/Thr sequences are glycosylated 

(153). The processing of the core oligosaccharide is also extremely variable and can result in 

carbohydrate structures classified into high Man, hybrid, and complex carbohydrates forms. The 

general structures of these forms and some variations in the final structures of complex N-linked 

carbohydrates are shown in Figure 6. Even the same protein from one cell type is often 

glycosylated differently, as was shown most clearly with rat Thy-1 (157). There are 8 different 

glycoforms of the thymocyte Thy-1 which differ in the usage of the 3 N-linked glycosylation 

sites and in the specific structures at each site. Thy-1 expressed in brain tissue has four 

glycoforms, none of which is shared with the thymocyte glycoforms. Differences of 

glycosylation patterns for various proteins in different species have also been demonstrated 

(158). The example of Thy-1 is only one example of many, but should inform the reader that the 

control of N-linked glycosylation is a complex process that is still not entirely understood. 
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N-linked Carbohydrates 
1) high Man 

Mana 1 -2Mana 1 

Manal -2Mana 1 *3Mana 1 6

3-ManP 1 -4GlcNAcP 1 -4GlcNAc 

Mana 1 -2Mana 1 -2Mana 1 ^ 

2) hybrid 

Mana 1 -2Mana 1 

Mana 1 -2Manal -3Mana 1 " 6

3-ManP 1 -4GlcNAc P1 -4GlcNAc 

Galp l-4GlcNAcp l - 2 M a n a l / 

3) complex 

S Aa2-6Galp 1 -4GlcNAcP 1 -2Mana 1 
6

3-Manpl-4GlcNAc pl-4GlcNAc 

SAa2-3Galp 1 -4GlcNAcp l-2Manal ^ 

O-linked carbohydrates 
Fucal^ 

4

3GlcNAcpl-3GalNAc-0 

Ga lp l^ 

SAa2-3Galpl^ GlcNAcpl-

Fucal- 4

3GlcNAcpl- 3

 6 GalNAc-0 

Galp l-4GlcNAcp 1-6 

GalcNAc-0 

Gaipi-4GlcNAcpl-3^ 

Figure 6: Potential structures of some N- and O-linked carbohydrates. 



O-linked glycosylation is not initiated until the protein reaches the Golgi apparatus where 

polypeptide-N-GalNAc transferase adds a GalNAc to a Ser or Thr residue. Elongation of the 

glycan occurs entirely by the stepwise addition of monosaccharides from activated sugars 

(reviewed in (159)). The core structures of O-linked carbohydrates are generally grouped into 5 

classes with the terminal structures built onto these core glycans. Although the O-linked 

structures are not as large nor as branched as N-linked structures, extensive variation is still 

possible. The structures in Figure 6 indicate only a few of the potential termini of O-linked 

glycans. The O-linked carbohydrates also have diverse functions as discussed in the next section. 

1.3.1.2 Function 

The largest advances in glycobiology in the past few years have been in the identification 

of functional roles for carbohydrates. One function for carbohydrates is their participation in the 

folding and transport of glycoproteins. The reglucosylation of Man7GlcNAc2 in the ER is 

catalyzed by the enzyme UDP-Glc:glycoprotein glucosyltransferase (160). This protein 

recognizes the N-linked carbohydrate via the GlcNAc residue attached to Asn, and also 

recognizes denatured peptide regions of glycoproteins (161). Since calnexin has affinity for 

monoglucosylated carbohydrate (162), calnexin and UDP-Glc:glycoprotein glucosyltransferase 

likely form a mechanism to retain incorrectly folded proteins in the ER (163). Once the protein is 

correctly folded, the N-linked glycans can also influence the protein's ultimate cellular 

localization. The role of the Man-6 phosphate in lysosomal targeting was explained above. N -

linked glycosylation also apparently directs the apical localization of proteins. Unglycosylated 

mutants of growth hormone preferentially localize to the basolateral surface, whereas 

glycosylated growth hormone regains apical localization (164). 
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N-linked glycans are also important for stabilizing the structure of several proteins. For 

example, the hinge region carbohydrates of IgG interact to strengthen the interaction of the two 

heavy chains (165). Interestingly, the same glycosylation site of the two IgG heavy chains have 

distinct glycan structures, which emphasizes the fine regulation of carbohydrate processing. 

Carbohydrates have also been demonstrated to directly participate in the stabilization of the protein 

backbones, including the example of human CD2 (166). The single high Man N-linked glycan of 

human CD2 apparently stabilizes a cluster of 5 Lys residues which otherwise destabilize the CD2 

structure and disrupt the CD58 binding site. Rat CD2 has a Glu residue among the Lys cluster which 

obviates the need for the N-linked glycan (167). 

O-linked carbohydrates can also affect the local glycoprotein structure. Regions with a high 

local concentration of O-glycans in one domain often form extended structures such as in CD45 

(168) or the mucin-like CD43 (169). This effect is likely due to a combination of the amino acid 

sequence in these domains which is generally high in Pro residues and the O-linked glycans. The 

functional result of the extended structure is to lift the remainder of the protein away from the 

membrane and most other membrane proteins to permit molecular interactions to occur (169). 

Carbohydrates are now also recognized as participants in specific molecular interactions. The 

progressive characterization of mammalian lectins has resulted in the identification of families of 

lectins including C-type lectins (Ca** dependent carbohydrate binding) and galectins (soluble P-Gal 

binding lectins) (170). In addition, Ig superfamily members such as CD22 and sialoadhesin have 

carbohydrate binding activity (171,172). The characterization of these carbohydrate binding proteins 

has also focused much research into identifying ligands for these proteins 

Selectins are a family of proteins with the shared structural elements of several extracellular 

short consensus repeat domains similar to domains found in complement-regulatory proteins, a single 
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epidermal growth factor (EGF) domain, and an N-terminal C-type lectin domain (173-175). The 

three selectins E, P, and L are selectively expressed on activated endothelium (E and P), platelets 

following activation (P), and leukocytes (L). The interaction between leukocyte and endothelial 

selectins and their respective ligands mediates initial cell-cell adhesion events in response to 

inflammation. IL-1, LPS, and TNF-a upregulate endothelial E- and P-selectin surface expression 

(176,177), permitting the interaction of P-selectin with the leukocyte ligand PSGL-1 to initiate 

leukocyte rolling on the endothelium (178-180). The subsequent tight binding and leukocyte 

extravasation into tissues is mediated by leukocyte integrin interactions (174,178). L-selectin binds to 

lymph node and Peyer's patch high endothelial venule (HEV) selectin ligands, MadCAM-1, CD34, 

and GlyCAM-1 (181). This specificity explains the functional characterization of L-selectin as the 

lymphocyte homing receptor (182). 

Selectin ligands are extremely variable although most contain SA, sulfate and/or Fuc residues 

in the recognition sequence (173) (Figure 7). Consequently, the removal of SA, sulfate, or Fuc from 

selectin ligands can destroy selectin binding (173). These carbohydrate sequences can be found on N -

and O-linked carbohydrates, but the selectin ligands characterized to date appear to primarily be 

mucin-like molecules with high levels of O-linked carbohydrates (173). In addition to the 

carbohydrate recognition specificity, sulfation of Tyr residues in the P-selectin ligand, PSGL-1, is also 

critical to P-selectin binding (183,184). The general roles of sulfation will be described in Section 

1.3.2. 

Other members of the C-type lectin family include the asialoglycoprotein receptor, the m<|) 

Gal receptor, CD23, collectins, soluble Man binding proteins, the m<J) Man receptor, and the DEC-

205 protein. CD23 is the low affinity IgE receptor, FceRII, but the lectin domain appears not to be 

necessary for IgE binding (185). Instead, CD21 carbohydrates appear to mediate CD21-CD23 
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interaction which potentiates the IgE IR (186,187). The asialoglycoprotein receptor has specificities 

for Gal and GalNAc and is expressed primarily in liver hepatocytes where it serves to remove 

desialylated proteins from the blood (188). Collectins are soluble C-type lectins with collagen-like 

domains found in the liver and serum which appear to preferentially bind carbohydrates of pathogens 

to initiate immune recognition (189). Man binding proteins are also soluble proteins which have 

specificity for Man, Fuc, and GlcNAc residues. These proteins can be upregulated in the acute IR and 

serve to opsonize cells for complement mediated killing or phagocytosis (190-192). In contrast, the 

Man receptor and DEC-205 proteins are membrane-bound and contain multiple C-type lectin 

domains in a single polypeptide (59,103). The carbohydrate specificity of DEC-205 has not been 

investigated, but the Man receptor will bind to terminal Man, Fuc, or GlcNAc. Since these termini are 

more commonly found on bacteria than pathogens, the Man receptor will preferentially induce the 

phagocytosis of foreign organisms (190). The DEC-205 protein likely serves to enhance antigen 

acquisition by DCs and thymic epithelial cells (103) (see also Section 1.2.3.2). 

The S-type lectins have now been unified under the classification of galectins, a family of 

molecules with specificity for N-acetyUartosamine, lactose, and Gal residues(193). The galectins are 

secreted, soluble molecules, but display distinct tissue localization. For example, thymic epithelial 

cells express galectin-1, but not galectin-2 (194). Galectin-1 on thymic epithelia appears to mediate 

binding of thymocytes to thymic epithelium via carbohydrates of CD45 and CD43, indicating a role 

for galectins in thymocyte development. Galectin-1 does appear to mediate T cell apoptosis by 

binding to CD45 (195). Galectin-3 is produced by numerous cell types including keratinocytes, 

activated m<J>s, epithelial cells, and colon carcinomas. Galectin-3 has been implicated many functional 

processes including in FceRI signaling in mast cells and DCs (196,197), JL-\ production in 

monocytes (198), cell-cell adhesion (126), and binding to ECM components (199). Galectin-3 
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monomers have the intriguing ability to dimerize via a Pro/Gly rich N-terminal domain. This 

dimerization will increase the affinity of Galectin-3 carbohydrate and permit CTOsslinking of 

recognition structures via the C-terminal lectin domain. Other galectins such as 1 and 2 can be 

naturally found as dimers (200). 

Other proteins with requirements for carbohydrate in their recognition structures are CD22 

and sialoadhesin which bind to ligands containing SA. CD22 is a member of the Ig superfamily which 

possess specificity for cc2-6 linked SA residues in its terminal 2 Ig domains (171). The binding to a2-

6 linked SA is also dependent on the context of the surrounding protein, not merely on the SA (171). 

Ligands for CD22 have included all isoforms of CD45 (201). The CD22-CD45 interaction likely 

plays a role in T cell-B cell binding which is important in B cell antigen presentation to and activation 

of T cells. Sialoadhesin is also an Ig superfamily member, with 17 Ig domains that is primarily 

expressed on mcj> populations (172). Sialoadhesin has specificity for ct2,3 linked SA not a2,6 linked 

SA (202) which is likely involved in mfy adhesion events (202). 

Studies of CD44 have also demonstrated an additional role for carbohydrates and 

glycosaminoglycans (GAGs) on glycoproteins. CD44 exists in three activation states with respect to 

its hyaluronic acid (HA) binding: inactive, inducible, or constitutively active (203). Removal of the 

N-linked carbohydrates, SA, or removal of the chondroitin sulfate (described in detail in the next 

section) moieties could each convert CD44 from a non-binding state to a constitutively active HA 

binding phenotype (204,205). 
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1.3.2 Sulfation 

The trans-Golgi and trans-Golgi network appear to be the location of most sulfation 

reactions, where the sulfation reactions appear to be individually controlled by the expression of 

specific enzymes. Sulfate can be incorporated into several modifications of proteins including N -

and O-linked carbohydrates, GAGs, and Tyr residues. These components appear to have a wide 

variety of functions, although the sulfate residues are most often involved in creating recognition 

structures that are ligands for specific receptors. 

Proteins which contain sulfated N-linked carbohydrates include certain glycoprotein 

hormones. Studies of the pituitary hormone lutropin, identified the sulfated sequence S0 4-

4GalNAcpi-4GlcNAcpi-2Manct (206) which is specified by a sequence Pro-X-Arg-Lys 6-9 

amino acids from the N-linked attachment site (207). The sulfated sequence is bound by a 

receptor on both liver endothelial and Kupffer cells, which removes lutropin from the circulation 

(208). Sulfated N-and O-linked glycans are also implicated in selectin-mediated binding as 

described in Section 1.3.1.2. and shown in Figure 7. 

Tyr sulfation is also a biologically relevant protein modification (209). The consensus 

site for Tyr sulfation includes an Asp or Glu preceding the Tyr, which signals the trans-Golgi 

network enzyme tyrosylprotein sulfotransferase to sulfate the Tyr (210). As described in 

Section 1.3.1.2, Tyr sulfation of the P-selectin ligand, PSGL-1, is critical for P-selectin binding 

(183,184). These groups, therefore concluded that P-selectin binding to PSGL-1 is dependent 

on the O-linked sialyl Lewis x and the sulfated Tyr residues which colocalize to the molecule's 

amino terminus. Tyr sulfation is also implicated in increasing the binding von Willebrand factor 

to Factor VIII (211) and hirudin to thrombin (212). In addition, Tyr sulfation increases the rate 

of proteolytic activation of progastrin to gastrin (213). 
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Another important class of sulfated proteins is the proteoglycans. Proteoglycans are 

modified by GAGs, repeating disaccharide units which are added to Ser residues and sulfated in 

the trans-Golgi (reviewed in (214)). HA is also a GAG, but is not attached to proteins or 

sulfated since it is synthesized on the plasma membrane and directly exported in free form. The 

initial carbohydrate addition typically consists of a glucuronic acid pi-3Gaipi-3 Gaipi-4Xyip-

Ser core where Ser-Gly-X-Gly is a common acceptor sequence. The nature of the disaccharide 

repeat differs between the different classes as shown in Figure 8. The sulfation of GAGs occurs 

after disaccharide chain synthesis and is intricately linked to the deacetylation of GlcNAc 

residues (215). O-sulfation can also occur at carbon C-6 and occasionally C-3. The GAGs are 

amongst the most negatively charged molecules in nature, with heparin possessing up to 3 

negative charges per disaccharide (214). 

Proteoglycans are likely to play an important role in the structure of the extracellular 

matrix (ECM). Heparan sulfate (HS) proteoglycans will mediate interactions with laminin and 

fibronectin, thus anchoring the proteoglycan to the ECM. HA forms a net-like structure in the 

E C M and can be specifically bound by CD44 to mediate cell migration. CD44 also has affinity 

for chondroitin sulfate (CS) GAGs which can mediate cell adhesion and cell migration 

(216,217). The binding of GAGs by CD44 is likely important in leukocyte migration by binding 

to HEVs (218), thus complementing the role of L-selectin. Anchoring of cells to the E C M by 

CD44 may conversely serve to retain the leukocytes once they have reached the site of 

inflammation. Splice variants of CD44 have also been correlated with metastatic phenotype of 

certain tumors (219). 

GAGs heparin and CS also modulate blood clotting via the actions of heparin on anti-

thrombin and CS on heparin cofactor II (214). Thrombomodulin is a cell surface protein on 
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Figure 8: Classes of GAGs and their disaccharide repeat structure 
A) The structure of the disaccharide of chondroitin sulfate B is shown. The high degree 

of negative charge for each disaccharide is also indicated. B) The other classes of GAGs and their 
disaccharide repeats are listed. The sulfate linkages have only been indicated for chondroitin 
sulfate A and B since this differentiates the two classes. Only HA is not naturally sulfated. 

40 



endothelial cells which inhibits blood clotting. A CS chain on thrombomodulin inhibits the 

action of thrombin bound to EGF repeats of thrombomodulin (214). 

GAGs are also involved in the binding of growth factors to their specific receptors. Basic 

fibroblast growth factor (bFGF) binds to specific cell surface receptors, but is dependent on the 

cell surface expression of HS (220). In the case of bFGF, the GAGs appear to bind to the bFGF 

and facilitate bFGF dimer formation (221). The dimers then interact with the bFGF receptors 

which likely also dimerize to induce signal transduction. For other growth factor receptors, 

GAG binding to the growth factors has been suggested as a mechanism to increase the cell 

surface concentration of growth factor prior to high affinity binding by the specific receptors 

(179,222). 

1.3.3 Phosphorylation 

Phosphorylation of proteins is one of the most studied post-translational modifications. 

Phosphorylation of Tyr or Ser and Thr residues is involved in numerous cell processes including 

transmembrane signaling, cytoplasmic signal transduction, nuclear localization, transcription 

factor activity, and cell cycle control. The recent characterization of phosphatases has also 

emphasized that dephosphorylation and phosphorylation control many cellular events. As such, a 

complete review of these processes is beyond the scope of this thesis. Instead, a few pertinent 

examples should serve to indicate the general functional implications, mechanisms, and control 

of protein phosphorylation. 

Tyr kinases are generally divided into receptor-like transmembrane and cytoplasmic Tyr 

kinases. The EGF receptor is a prototype of the receptor Tyr kinases which, upon binding EGF, 

dimerizes and undergoes autophosphorylation (223). Receptor dimerization in the activation of 
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kinase activity and downstream signal transduction, is a common theme for the activation of 

many receptor families (224). The autophosphorylation initiates downstream signaling by 

recruiting and activating other signal transduction components including the Ser/Thr kinases 

MAP kinase (mitogen activated protein kinase) and RAF-1 (225-228). 

Although several kinases are localized to the cytoplasm, these kinases are often 

intimately involved in plasma membrane signal transduction (229,230). The functional role and 

control of cytoplasmic Tyr kinases is exemplified by the T cell protein p56lck(231). None of the 

components of the TcR have intrinsic Tyr kinase activity, but TcR signaling is nonetheless 

initiated by Tyr phosphorylation. The phosphorylation is probably due to the cytoplasmic kinases 

associated with the TcR, ZAP-70 and the 2 src family kinases p59fyn and p56 lck (231,232). Cell 

lines without p56 lck are unable to properly respond to TcR engagement as seen by a lack of Tyr 

phosphorylation and subsequent downstream signaling events (233). p56 lck will localize to the 

plasma membrane via N-terminal myristylation, a unique interaction with the cytoplasmic 

domain of CD4 or CD8, via its SH2 domain, via a unique interaction with the IL-2 receptor, or 

via a recently described interaction with CD45 (234-237). These alternatives likely serve to 

ensure that sufficient amounts of p56 lck are localized to the membrane during T cell activation. 

p56 lck will presumably phosphorylate the Tyr residues on Immunoreceptor family Tyrosine-

based Activation Motifs (ITAMs) which have the sequence [D/E-X7-D/E-X2-Y-X2-L/I-X7-Y-

X2-I/L] (238). ITAMs are present on CD3 e,y, and 8 and the £ chain which, upon 

phosphorylation, recruit SH2 containing proteins including phosphatidyl inositol 3-kinase and 

ZAP-70 to the TcR complex. This results in the generation of diacylglycerol, inositol-3-

phosphate, subsequent Ca + + flux, and protein kinase C (PKC) activation and leads to IL-2 gene 

transcription and T cell activation (239). 
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Phosphatases do not simply counteract the action of kinases, but initiate positive 

responses in cells. T cell activation again provides an instructive example of this role of 

phosphatases. The role of the receptor protein Tyr phosphatase (PTP) CD45 is likely to 

dephosphorylate the negative regulatory Y-505 site of p56 ,ck, which activates p56 lck to 

phosphorylate the IT A M motifs on the TcR proteins. The Y-505 of p56 lck is thought to serve as 

a site for the intramolecular binding of its N-terminal SH2 domain to the C-terminal Y-505. In 

this form, the Tyr kinase is thought to be inactive, whereas dephosphorylation of Y-505 releases 

p56 lck into an enzymatically active form (240). The TcR signal transduction complex thus 

illustrates how phosphorylation is involved in creating structures for molecular interactions and 

in regulating enzymatic activity. The coordinate regulation of kinases and phosphatases in TcR 

mediated signal transduction is a useful paradigm for the importance of both kinases and 

phosphatases. 

Ser and Thr phosphorylation is also important in numerous physiological responses. 

Among the important Ser/Thr kinases are PKC, PKA, MAP kinases and Raf kinases. The Raf 

kinases and MAP kinases are involved in downstream signaling from membrane events of which 

the TcR is once again a relevant example. As mentioned above, the many isoforms of PKC can 

be activated by the production of diacylglycerol. PKA is activated by cAMP increases and is 

involved in numerous physiological processes. Raf-1 was originally characterized as a proto-

oncogene (241). Following TcR triggering, Raf-1 is activated by a PKC dependent process 

(242). Raf-1 is able to phosphorylate and thereby activate the MAP kinase kinases, which then 

phosphorylate MAP kinases resulting in MAP kinase activation (226-228). MAP kinase provides 

a link to the cell cycle control due to its phosphorylation of FAR1 (243). Phosphorylated FAR1 

binds to and inactivates the cdc28 kinase-cyclinl, 2, or 3 complex. This block in cdc28 activity 
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induces cell cycle arrest. MAP kinase can also regulate transcription factor activity by 

phosphorylating proteins such as c-jun. (244). 

As a final note, phosphorylation of His residues also appears to be relevant to eukaryotic 

systems. Phosphorylation of His in the P-selectin cytoplasmic domain following platelet 

activation was demonstrated (245). This phosphorylation was proposed to be important for 

translocation of P-selectin from intracellular granules and may be relevant for other membrane 

signal transduction events. 

This discussion of protein phosphorylation should indicate the importance of this post-

translational modification for a number of proteins. Protein phosphorylation can affect enzyme 

activity, subcellular localization, and protein-protein interactions. The identification of 

phosphorylation of a protein is often central to determining the role it occupies in a specific 

signal transduction pathway and in the cell as a whole. 

1.3.4 Other modifications 

Proteins are also subject to numerous other modifications which are briefly outlined here. 

Cytoplasmic proteins can also be modified by the attachment of a lipid moieties such as myristic 

acid. The lipid addition is specified by sequences in the N-terminus of proteins and serves to 

localize the protein to the plasma membrane (reviewed in (246)). This addition is often critical as 

demonstrated by the transforming activity of ras which is dependent on the palmitylation 

attachment (247). 

Amino acids can be modified following translation to produce, for example, 

hydroxyproline from Pro and 2-amino-3-oxopropionic acid from Cys. The role of 

hydroxyproline in hydrogen bonding of the collagen triple helical structure is well known. The 
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function of 2-amino-3-oxopropionic acid (modified Cys) is not as well known, but is critical to 

the catalytic activity of sulfatases (248). Individuals with a genetic defect in the ability to modify 

the Cys residue, have a general deficiency in sulfatase activity. These individuals have a clinical 

phenotype of leukodystrophy and mucopolysaccharidosis since sulfated molecules cannot be 

metabolized (249). 

Ubiquitin modification is a common, well characterized protein modification which tags a 

protein for degradation by the cytoplasmic proteasome (reviewed in (250)). 

The addition of a glycosylphosphatidylinositol (GPI) membrane anchor, rather than the 

standard hydrophobic transmembrane protein domain, is an important post-translational 

modification described on increasingly more proteins (reviewed in (251,252)). Following 

translation, the putative transmembrane segment is cleaved at a consensus recognition site, and 

the GPI is added (253). The GPI tail endows the molecule with interesting properties such as 

increased mobility in the membrane, the ability to be released from the cell surface by specific 

phospholipases, and internalization via a clathrin independent endocytosis system (254-256). If 

the protein is released by a phospholipase, the glycan moiety of the GPI tail remains on the 

protein to contribute to the released molecule's glycosylation. 

1.4 Objectives and approaches 

The focus of this research was designed to address the molecular basis of DC function. 

Several molecular aspects of DC function still remain uncharacterized. For example, do DCs produce 

novel cytokines? What factors are responsible for in vivo DC differentiation? Which molecules are 

required for DC migration? Which molecules process antigens in DCs? Which molecules mediate 

antigen independent clustering with T cells? 
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In deciding upon strategies to address these unsolved questions, we considered that many 

answers would lie in the characterization of DC cell surface molecules. The unique functions of DCs 

appear to be due to the expression of largely DC-specific molecules such as DEC-205 and the 

combined expression of other molecules which can also be found on other cells such as B7-1, CD40, 

ICAM-1, and LFA-1. Therefore, we wanted to characterize both proteins that appeared novel to 

DCs as well as DC proteins expressed by other cells, but with potentially important functions on DCs. 

Monoclonal antibodies specific for human DCs have still not been produced despite much 

effort (257). The characterization of mouse DC-specific proteins is provided by a limited number of 

mAbs, including 33D1 (258), N418 (259), MIDC-8 (260), and NLDC-145 (261). Due to the 

availability of these specific mAbs, the research project focused on mouse DCs. Molecular 

characterization of the antigens recognized by the anti-DC mAbs was minimal at the outset of the 

project. The NLDC-145 mAb recognizes the DEC-205 protein with its 10 C-type lectin domains 

(103), which is expressed on DCs, thymic epithelial cells, and a limited number of leukocytes as 

described in Section 1.2.3.2 (261,262). The N418 mAb is specific for murine CD1 l c which is largely 

DC-specific and labels all DCs (94,259), but does react with certain B cell and m<j) subsets (Ian Haidl 

and Richard Stokes, UBC, unpublished observations). This distribution of CD1 l c in the mouse is far 

more restricted than humans where CD11C is expressed on macrophages and neutrophils and 

therefore not useful as a human DC marker. The N418 mAb does not appear to alter T cell 

stimulating or clustering ability of DCs so its function is not presently known. The 33D1 mAb is 

specific for the major subset (90%) of spleen and Peyer's patch DCs and many tissue DCs, but does 

not label DCs in other locations, although this observation has been challenged (110). The molecule 

recognized by 3 3D 1 is still uncharacterized. The MIDC-8 mAb recognizes a primarily intracellular 

antigen of unknown identity and function. The NLDC-145 and MTDC-8 mAbs appear to bind to a 
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separate subset of DCs from 33D1 which comprise 10 % of splenic DCs and almost all non-spleen 

lymphoid DCs (263). 

Another mAb which labels DCs is the F4/80 mAb which was originally characterized by its 

reactivity to subsets of m<j>s (264). The expression pattern of the F4/80 molecule is intriguing since 

expression in m<|>s and DCs is modulated relative to body site location and state of cellular activation. 

The F4/80 molecule is expressed on most lymphoid DCs, but is lost after one day of culture (94,95). 

Fresh LCs express higher levels of F4/80 (89,265), but this expression is also lost upon antigen 

stimulation or in vitro culture (89,93) as DCs progress from the antigen acquisition and processing 

phase to the T cell activation phase (see Section 1.2.3.2). Given this differential expression, the F4/80 

molecule may regulate antigen processing, cell-cell adhesion, or cell migration. The characterization 

of the F4/80 molecule will be the subject of Chapter 4 of this thesis. 

Among the other non-DC-specific proteins that we found of interest was CD45. CD45 

has been extensively studied in lymphocytes due to the exquisitely controlled expression of 

multiple isoforms and more recently due to the role of CD45 in lymphocyte antigen receptor 

mediated signal transduction (266). The isoform expression of CD45 and CD45's functional role 

in non-lymphocyte hematopoietic cells, has received relatively little attention. In the context of 

DCs, CD45 could fulfill functions via its large extracellular domain in mediating cell-cell 

interactions, cell migration, or by mediating protein-protein interactions in the cell membrane. 

Alternatively, CD45 could be involved in DC functions requiring intracellular signaling such as 

DC maturation, DC cytokine responsiveness, and the potentiation of DC APC function during 

the IR. These possibilities will be more thoroughly introduced and considered in Chapter 3 

where the characterization of DC and m(J> CD45 is described. 
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2. MATERIALS AND METHODS 

2.1 Cellular Methods 

2.1.1 Tissue culture 

The cell lines utilized for the research described in this thesis are listed in Table 1. 

Several cell lines were obtained through the generosity of the individuals indicated below: J774.2 

(Dr. Matthew Sharpe), P388D!-m<j> (Dr. Robert Hancock), L cells (Thymidine kinase", L-M tk") (Dr. 

Frank Tufaro). L106A6 and L36B3 are L cells transfected with the cDNAs for CD45RABC or 

CD45R0 isoforms respectively and were obtained from Dr. Pauline Johnson and Arpita Maita. The 

remaining cell lines were obtained from the American Type Culture Collection (ATCC). All cell lines 

were grown in RPMI or DMEM supplemented with 10% fetal bovine serum (FBS), 2 mM L-

glutamine and 5 x 10'5M 2-mercaptoethanol (2-ME) (complete tissue culture media). Alternatively, 

hybridomas were cultured in a protein free medium (PFHM, Gibco) supplemented with 2 mM L-Gln, 

and 5 x 10"5M 2-ME. Antibiotic use was avoided, but when antibiotics were required, 100 units/ml 

penicillin and 100 u.g/ml streptomycin were used. 

Adherent cells were propagated by allowing the cells to grow to 85-90% confluence, 

detaching the cells by treatment with 0.05% trypsin in phosphate buffered saline (PBS) + 1 mM 

ethylenediaminetetraacetic acid (EDTA) at 37°C, diluting the cells into fresh complete culture media, 

and plating the cells in fresh tissue culture treated dishes (Nunc). Non-adherent cells were propagated 

by allowing the cells to grow to 5xl05 to lxlO 6 cells/ml and diluting the cells to 1x10s cells/ml in fresh 

complete tissue culture media. 
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Cell Line Description Source 

RAW309 Cr.l Mouse m<|> ATCC TIB 69 

J774A.1 Mouse md> ATCC TIB 67 

J774.2 Mouse m<J> M.Sharffe (NY,NY) 

P388IVm<f> Mouse m({) B.Hancock (UBC) 

P388D,-leukemia Mouse leukemia ATCC CCL 46 

WEHT-274 Mouse m<|» ATCC CRL 1679 

L cells Mouse embryonic fibroblast F.Tufaro (UBC) 

L10A6 L cells transfected with the cDNA for murine PJohnson (UBC) 

CD45RABC. 

L36B3 L cells transfected with the cDNA for murine P Johnson (UBC) 

CD45R0 

F4/80 Hybridoma producing a mAb specific for a ATCC HB 198 

mouse m<j> 160 kDa protein. 

SFR8-B6 Hybridoma producing a mAb specific for ATCC HB 152 

HLA-Bw6. 

33DI Hybridoma producing a mAb specific for ATCC TIB 227 

mouse DCs. 

N418 Hybridoma producing a mAb specific for ATCC HB 224 

mouse CD1 lc, primarily expressed on DCs. 

M l / 9 Hybridoma producing a mAb specific for all ATCC TIB 122 

isoforms of murine CD45, 

14.8 Hybridoma producing a mAb specific for ATCC TIB 164 

isoforms of murine CD45 with exon A. 

13/2 Hybridoma producing a mAb specific for all Ian Trowbridge (San 

isoforms of murine CD45 Diego, Ca) 

Table 1: Cell lines used in this thesis 
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Large scale cultures of RAW 309 Cr.l cells were grown in 3 litre spinner flasks (Belco) 

which had been siliconized to prevent cell attachment. The cells were grown in normal tissue 

culture medium (complete RPMI) with the flasks sealed and placed into a non-C02 37°C 

incubator. The cell spinners were set at 60-70 rpm to maintain the cells in suspension. The cells 

were maintained between 1x10s and lxlO 6 cells per ml and typically grew to a maximum cell 

density of lxlO 6 to 2xl0 6 cells per ml. 

2.1.2 Animals 

All animals were maintained in accordance with the Canadian Council on Animal Care 

guidelines. Animals were housed at the UBC animal care facilities located at South Campus or at 

the Department of Microbiology and Immunology animal facility. Food and water was provided 

ad libitum. Animals were maintained under normal conditions, not specific pathogen free 

conditions. Mice of the BALB/c strain and C57B1/6 inbred strains were used for most studies. 

Both sexes of mice between the ages of 5 and 20 weeks old were used with similar results for all 

purposes described in this thesis. Animals were humanely sacrificed by C 0 2 euthanasia. 

2.1.3 Dendritic cell purification 

Splenic and thymic DCs were purified essentially by the methods described by Steinman et al 

(263). BALB/c and C57B1/6 male and female mice aged 6-16 weeks were used with similar results. 

Organs were removed from humanely sacrificed animals and subjected to collagenase digestion. Each 

spleen and thymus was injected with 0.5 ml of 100 units per ml of collagenase (Sigma Type ID) in 

Hank's Balanced Salt Solution without carbonate. Following incubation at 37° for 45 minutes, spleens 

were passed through wire screens to create a single cell suspension. The original thymus perfusate 

was discarded and collagenase was added at 400 U/ml to cover disrupted thymi. Thymi were 

incubated for an additional 30 minutes at 37° before passing through wire mesh to create a single cell 
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suspension. Splenic and thymic cells were resuspended to 5 x 107 cells/ml in dense bovine serum 

albumin (BSA) (density=1.080 g/ml), added to 15 or 30 ml Corex tubes, and overlaid with RPMI. 

The tubes were then centrifuged at 10,000 g for 45 minutes at 4°C. Interface cells were harvested, 

washed, and plated at 2 x 107 cells per 60 mm dish. After incubation at 37° for 60 to 120 minutes, the 

non-adherent cells were removed with several washes of warm complete tissue culture media. After a 

further incubation of 30 minutes at 37°C, non-adherent cells were again removed before continuing 

the incubation overnight in RPMHT0 % FBS. Sixteen to 20 hours after the initial plating, the non­

adherent cells were collected and replated in fresh dishes for 30 to 60 minutes to allow contaminating 

m<|>s to adhere. The remaining non-adherent cells were harvested and used as purified DCs. The 

purity of the splenic DC populations was 85 to <95 % as assessed by specific mAb labeling and 

morphology of the purified populations. The major contaminating populations were mcjbs and B cells 

which generally constituted 10 % and less than 5 % respectively of the purified populations. 

2.1.4 Peritoneal macrophage preparation 

Resident peritoneal mcj>s (RPMs) were harvested from BALB/c mice aged 5-16 weeks by 

peritoneal lavage with 7 mis PBS + 30 mM citric acid. Peritoneal exudate cells (PECs) were 

harvested 4 days after intraperitoneal injection of 2 mis of 4% Brewer's Thioglycollate Broth (Difco). 

PECs were harvested by peritoneal lavage as for RPMs. The harvested cells were washed with 

supplemented RPMI and plated into tissue culture treated petri dishes. Two hours after initial culture, 

the non-adherent cells were removed and the rernaining adherent cells were used for overnight 

radioactive labeling or were cultured overnight in complete RPMI before cell surface labeling or 

pulse-chase radioactive labeling. 

51 



M<j)s from Bacille Calmette Guerin (BCG) infected mice were produced and harvested as 

described (267). BALB/c mice were injected i.v. with 106 BCG (strain Pasteur, TMC #1011). Crude 

BCG extract (250 pg) was injected into each mouse 21 days after BCG infection. After 3 days, the 

peritoneal cells were harvested and treated as described above. 

2.1.5 Fluorescence activated cell sorter (FACS) analysis 

Cell lines grown as described above or mouse cell populations purified as described above 

were harvested and washed once in 1.5 ml of FACS buffer (DMEM, 2.0% calf serum, 20 mM 4-(2-

hydroxyethyl)-l-piperazineethanesulfonic acid (HEPES), 20 mM azide) prior to staining. Adherent 

tissue culture cells were removed by treatment with versene (137 mM NaCI, 2.7 mM KC1, 0.5 mM 

EDTA, 8.1 mMNa2HP04, 1.5 mM KH 2 P0 4 , 1.1 mM glucose) at 37°C for 5 minutes. McJ>s isolated 

from mice (section 2.1.4) were removed from plates by treatment with versene for 30 minutes at 4°C 

and gentle scraping of the plates. For primary antibody staining, 200 pi of each mAb were added per 

sample as either purified antibody diluted to lOpg/ml in FACS buffer or as tissue culture supernatants 

+ 20 mM NaN3. Following incubation for 45 minutes on ice, the samples were washed twice with 1.5 

ml of FACS buffer. Detection of the primary mAb was achieved by addition of 100 pi of the 

secondary antibody at lOug/ml in FACS buffer. Goat-anti-mouse IgG fluorescein isothiocyanate 

(FITC) (Jackson 115-095-062), a goat-anti-hamster IgG FITC (107-095-142), or a Donkey-anti-rat 

IgG FITC (Jackson 712-095-153) were used depending on the nature of the primary mAb and cell 

population being labeled. Following a 45 minute incubation on ice, the cells were washed once in 

FACS buffer and once in PBS and fixed in 1.5% paraformaldehyde in PBS. Cells were analyzed on a 

Becton Dickinson FACScan. Dead cells were gated out using forward scatter and side scatter 
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parameters. Fluorescent compensations were determined by analyzing control single labeled and 

double labeled populations. Five thousand events were collected for each sample. 

The double staining protocol for DC CD45 isoform analysis (Chapter 3) was initiated with 

the anti-CD45 mAb for 45 minutes on ice, followed by 100 pi of a highly specific donkey anti-rat IgG 

FTTC (Jackson 712-095-138) at 10 u,g/ml for 45 minutes on ice. To block free anti-rat IgG sites, cells 

were incubated with 50 pi of 40 % rat serum in FACS buffer for 15 minutes on ice. N418 

supernatant (100 pj) was then immediately added to each sample and incubated for a further 45 

minutes on ice followed by 100 ui of a highly specific biotinylated goat anti-hamster (Jackson 107-

065-142) at 10 ug/ml in FACS buffer plus 10% normal rat serum. 100 pi of a 1:100 dilution of 

Streptavidin-PE (Jackson 016-110-084) was added for 30 minutes on ice to complete staining. Cells 

were then washed and fixed with 1.5% paraformaldehyde in PBS. 33D1 was directly coupled to 

biotin and detected with streptavidin-PE. Use of biotinylated goat anti-hamster increased the 

fluorescent signal obtained and produced lower background than biotinylated N418 preparations. As 

a control for the non-specific binding of the hamster IgG N418, normal hamster serum or the hamster 

mAb 145-2C11 specific for mouse CD3 was used since purified splenic DCs typically contain less 

than one percent T cells (data not shown). Notably, no non-specific staining occurs when double 

staining with either the negative control rat IgG SFR8-B6 or the positive control 13/2. Cells were 

analyzed on a Becton Dickinson FACScan. Dead cells were gated out using forward scatter and side 

scatter parameters. Fluorescent compensations were determined by analyzing control single labeled 

and double labeled populations. Three to ten-thousand events were acquired for each sample. For 

histogram analysis N418 positive cells were selected to determine the reactivity of the control or 

CD45 antibodies with DCs. 
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2.2 Protein Techniques 

2.2.1 Antibodies 

The mAbs used for the research described in this thesis are described in Table 2. 

Nomenclature for CD45 isoforms is defined throughout this thesis with reference to their particular 

use of exons A, B, and C. For example, CD45RA contains only exon A, while CD45RAB contains 

exons A and B. The CD45R0 isoform lacks exons A, B, and C. CD45RABC, is most commonly 

referred to as B220 since it is the major isoform present in B cells and has an apparent Mr of 220 

kilodaltons (kDa). All anti-CD45 mAbs were utilized as tissue culture supernatants. SFR8-B6 is a rat 

IgG2b mAb used as an control since it does not react with mouse cells (268). Both IgGia and lgGa, 

isotypes displayed a similar level of background staining in FACS analysis. A rabbit antiserum 

recognizing a common CD45 epitope was used for immunoblotting (provided by Dr. J. Marth, UBC, 

Vancouver, Canada) (269). As described in Table 2, T24/31 and LM7.8.1 were generous gifts of 

Bob Hyman, and YN1/1 and YE1/9.9.1 were kind gifts from Fumio Takei. 

2.2.2 Cell surface biotinylation 

Cells were collected by centrifugation and washed twice with 25 ml of biotin labeling buffer 

(Hank's Balanced Salt Solution minus phosphates, 10 mM glucose, plus lOmM NaHC03, pH 7.4) at 

4°C. Cells were finally resuspended to 1 - 2 x 107 cells/ml in labeling buffer. Alternatively, adherent 

cells were left adhered to petri dishes for the washing and labeling procedure. A stock solution of 

sulfo-N-hydroxy succinimide biotin (sNHS-biotin, Pierce) was prepared at 10 mg/ml in labeling buffer 

immediately prior to use. While gently vortexing the cells, 80 ui of biotin stock solution was 
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mAb Specificity' Isotype" Source 

Ml/70 C3Bi receptor IgGa, ATCC TIB 128 

N418 CD1 lc; DC-specific in the murine system Hamster IgG ATCCHB 224 

GK1.5 IgG* ATCC TIB 207 

IM7.8.I IgGa, Dr. Robert Hyman 

13/2 CD45, all isoforms IgG a Dr. Ian Trowbridge 

Ml/9 CD45, all isoforms IgGa, 

RA3-6B2 CD45,B220(exonA) IgGa, Dr.Robert Coffman 

14.8 CD45, exon A IgGa, ATCC TIB 164 

16A CD45, exon B IgGa, Dr. Kim Bottomly 

MB23G2 CD45, exon B IgGa. Dr. Ellen Pure 

MB4B4 CD45, exonB IgGa Dr. Ellen Pure 

DNL1.9 CD4S, exon C IgG^ Pharmingen 

Rabbit 132 CD45-specific antisera against all CD45 Rabbit serum Dr. Jamie Marth 

Î B̂IIIlll̂ Ĥlillllllilllllll̂  IgGa, ATCC TIB 105 

33D1 DC cell-surface antigen IgGa ATCC TIB 227 

34-5-8$ IBIIIll̂ B̂  mouse IgG& ATCCHB 102 

2.4G2 FcRyll IgG a 
ATCCHB 197 

SFR8-B6 HLA-Bw6, human IgGa, ATCCHB 152 

B21-2 IgGa, ATCC TIB 229 

MK-D6 lllliB mouse IgG* ATCCHB 3 

YN1/1 ICAM-1 IgGa, Dr. Fumio Takei 

PC61 33L-2 receptor IgGa ATfC* T i n *>'»'> 
A J CL- l i t ) ZrJirJr 

F4/80 m<j)/DC glycoprotein IgGa ATCCHB 198 

YE1/9A1 transferrin receptor (TfR) IgGa, Dr. Fumio Takei 

T24/31 IIHipllllllllllllll IgGa, Dr. Robert Hyman 

* All specificities are against murine molecules unless noted. 

* * All mAbs are rat unless otherwise noted. 

Table 2: Description of antibodies 
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added per 2xl0 7 cells. For adherent cells, 1.0 ml of an 800 pg/ml sNHS-biotin solution in labeling 

buffer was added to each 100 mm petri dish. The cells were incubated 15 minutes on ice with 

occasional shaking before washing extensively with tissue culture medium to remove and neutralize 

free sNHS-biotin. Following labeling, cells were lysed in lysis buffer (1.0% NP-40, 120 mM NaCI, 4 

mM MgCl 2, 20 mM Tris(hydroxymethyl)aminomethane (Tris) pH 7.5, and 4 pg/ml 

phenylmethylsulfonylfluoride (PMSF)). 50 mM L-Lys was also included in the lysis buffer to ensure 

quenching of any remaining sNHS-biotin. Five mM IAA was also included in the lysis buffer where 

indicated. 

2.2.3 Biotin-hydrazide labeling 

PECs (day 1 after isolation) or RAW 309 Cr.l cells were left adhered to 100 mm tissue 

culture dishes and washed twice with 10 mis PBS. NaI04, 1 mM in PBS, was added to the cells 

for 15 minutes on ice. The NaI04 was removed and 10 mis of 20 mM Na2S04 in PBS was added 

to the cells for 5 minutes at room temperature. The Na2S04 was removed and the cells were 

washed 3 times with 10 mis of PBS at room temperature. Biotin hydrazide, 1 mM in PBS, was 

added to the cells for 30 minutes at room temperature. The biotin hydrazide was removed, the 

cells were washed 3 times with 10 mis of PBS, and the cells were lysed in lysis buffer (1.0% NP-

40, 120 mM NaCI, 4 mM MgCl2,20 mM Tris pH 7.5, and 4 pg/ml PMSF). 

2.2.4 Metabolic labeling 

2.2.4.1 |35|S-methionine-cvsteine 

Metabolic labeling of cell lines and PECs was done with 150 uCi/ml [35S]-Met-Cys PRO-

MIX (Amersham) in DMEM minus Met and Cys (Gibco). For pulse chase analysis of protein 
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transport, the cells were cultured in medium without Met and Cys for one hour before adding 150 

p.Ci/ml [35S]-Met-Cys for a 15 minute pulse. The radioactivity was replaced with complete tissue 

culture medium for the duration of the chase time. Five percent dialyzed calf serum (GTBCO) was 

added for overnight (18 hour) labeling. Following labeling cells were lysed with lysis buffer (1.0 % 

NP-40,140 mM NaCI, 10 mM Tris, 2 mM EDTA, pH 7.4,40 pg/ml PMSF). 

2.2.4.2 3SSNaiSOa 

Sulfate labeling was accomplished by incubating the PECs or cell lines with 3 5S Na2SC>4 

(ICN) at 0.5 mCi/ml in RPMI without sulfate (Gibco) supplemented with 2 mM L-glutamine. For 

pulse chase analysis, the cells were cultured in the sulfate deficient medium for one hour before 

adding Na2SC<4 at 0.5 mCi/ml for a 15 minute pulse. The radioactivity was replaced with complete 

tissue culture medium for the duration of the chase time. Five percent dialyzed calf serum (GIBCO) 

was added for overnight (18 hour) labeling. Following labeling cells were lysed with lysis buffer (1.0 

% NP-40, 140 mM NaCI, 10 mM Tris, 2 mM EDTA, pH 7.4, 40 pg/ml PMSF). 

2.2.5 Tunicamycin treatment of cells 

Tunicamycin treatment was used to interfere with N-linked glycosylation prior to pulse chase 

analysis with [35S]-Met-Cys. Cells were pretreated with or without 7 p-g/ml tunicamycin in complete 

tissue culture medium for 1 hour. The control cells without tunicamycin were treated with 0.0014% 

dimethyl sulfoxide (DMSO) wherever tunicamycin was added to the treated cells. The medium was 

then removed and medium minus Met and Cys was added to the cells with or without tunicamycin for 

1 hour. PECs were next pulsed for 15 minutes with 150 p.Ci/ml [35S]-Met-Cys with or without 

tunicamycin and chased with complete medium with or without tunicamycin for the times indicated 

before the cells were lysed in lysis buffer (1.0 % NP-40, 140 mM NaCI, 10 mM Tris, 2 mM EDTA, 
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pH 7.4, 40 pg/ml PMSF). The lysates were utilized for immunoprecipitations as described in Section 

2.2.7. 

2.2.6 Cell surface crosslinking 

Cells were harvested or cultured as described in Sections 2.1.1 and 2.1.4. Cells were 

labeled with [35S]-Met-Cys for 18 hours as described in Section 2.2.4.1. Prior to crosslinking the 

cells were washed 3 times with 10 mis PBS. [3.3'-Dithiobis(succinimidylpropionate)] (DTSSP) 

was added to the cells at 100 p.g/ml/107 cells and incubated for one hour on ice with mixing 

every 15 minutes. The cells were washed 3 times with 10 mis of unsupplemented DMEM to 

remove and inactivate the DTSSP. The cells were lysed in 1.0% v/v NP-40, 120 mM NaCI, 50 

mM Tris, 2 mM MgCb, 10 mM IAA, 40 pg/ml PMSF, pH 7.5 and utilized for subsequent 

procedures. 

2.2.7 Tmmunoprecipitation 

All procedures were performed at 4°C or on ice. Cell lysates were first clarified by 

centrifiiging 20 minutes at 10,500g at 4°C. The resulting supernatants were precleared by incubating 

15 minutes with 2 ul rabbit anti-rat IgG serum and 5 pg of purified SFR8-B6, followed by two 

successive one hour incubations with 50 u.1 of a 1:1 slurry of protein A Sepharose (Pharmacia) and 

centrifugation for 5 minutes at 10,500 g at 4°C. CD45 was immunoprecipitated by adding 100 pi 

total volume of 13/2 and Ml/9 supernatants for 30 minutes at 4°C, followed by 60 minutes incubation 

with 45 pi of a 1:1 protein A Sepharose slurry which had been coated with rabbit anti-rat IgG 

(Jackson 312-005-003). To preclear lysates of the B exon containing isoforms of CD45, lysates were 

immunoprecipitated with 100 pi of an equal mix of mAbs MB23G2, and MB4B4 followed by protein 

A Sepharose coated with rabbit anti-rat IgG. The procedure was repeated before one final incubation 
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with protein A Sepharose coated with rabbit anti-rat to ensure removal of all antibody before 

precipitating the remaining CD45 with 13/2 and Ml/9. Alternatively, immunoprecipitations with the 

mAbs F4/80,13/2, and Ml/9 were performed with the mAb coupled at 2-4 mg/ml of beads to CNBr 

activated Sepharose according to the manufacturer's instructions (Pharmacia). The appropriate 

beads, 15 pi per tube, were added for 60 minutes at 4°C. All beads were washed twice in one ml of 

low salt buffer (0.2% v/v NP-40, 2 mM EDTA, 10 mM Tris pH 7.5, 150 mM NaCI), once in one ml 

of high salt buffer (0.2% v/v NP-40, 2 mM EDTA, 10 mM Tris pH 7.5, 500 mM NaCI), and once in 

one ml 10 mM Tris pH 7.5. Proteins were eluted from beads by boiling in 3% SDS with 30 mM 

dithioithreitol (DTT), followed by the addition of IAA to 80 mM, and resolved on 5-10% or 5-15% 

gradient polyacrylamide SDS-PAGE gels or 7.5% polyacrylamide minigels. DTT was replaced by 

distilled water in the preparation of non-reduced samples. Where samples were subjected to further 

processing such as glycosidase digestion (Section 2.2.8) before SDS-PAGE, the proteins were eluted 

from the mAb-Sepharose columns with 50 mM diethylamine (DEA), 0.5% w/v octylglucoside 

(C8Glc),pH11.5. 

2.2.8 Glycosidase digestions 

All endoglycosidases and neuraminidases were purchased from Boehringer Mannheim. Vibrio 

cholera neuraminidase digestion was performed in 50 mM NaAc, 4 mM CaCb pH 5.5 using 1 mU of 

enzyme for 2 hours at 37°C. After neuraminidase digestion, digestion was initiated in 20 mM Na 

Cacodylate, 20 mM NaH 2P0 4 pH 6.5 at 37°C for 12 hours with 1.0 mU of enzyme. Newcastle's 

Disease Virus (NDV) neuraminidase digestion utilized the manufacturer's buffer with 1 mU enzyme 

for 2 hours at 37° C. Endo H digestion was performed for 20 hours at 37°C in 70 mM NaCitrate pH 

5.5 with 2.5 mU of enzyme for the first 12 hours, followed by a fresh 2.5 mU for the rernaining 8 

hours. For peptide-N-glycosidase F (PNGase F) digestion, the proteins were first denatured in 0.2% 
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SDS, 20 mM EDTA, 50 mM Na 2HP0 4, pH 7.8. CgGlc was added to give a final percentage of 1.0% 

w/v CgGlc and 0.1% w/v SDS and 0.5 mU of enzyme was added per sample. Digestion proceeded at 

37°C for 12 hours. PNGase F and a PNGase/Endo F mixture produced comparable results. 

GAGs were analyzed by digestion of immunoprecipitated proteins with Chondroitinase ABC 

and Heparinase IU (Sigma). 10 mU of Chondroitinase ABC in 60 mM NaAc, 60 mM Tris, pH 8.0 

and 0.5 U of Heparinase UJ in 0.1 M NaAc, 1 mM CaAc, pH 7.0 were utilized. The samples were 

incubated for 12 hours at 40°C. 

2.2.9 SDS-PAGE, autoradiography, and isoelectric focusing 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed 

essentially according to the method of Laemmli (270). Large gels (25 cm x 30 cm) were used for 5-

15% or 5-10% polyacrylamide gradient gels. Minigels (10 x 7 cm) were poured and run with the 

BioRad MiniProtean system. 

Isoelectric focusing (IEF) analysis was performed as previously described (271) utilizing a 3:1 

ratio of pH 5-7 ampholytes:pH 3.5-10 ampholytes (Pharmacia) before second dimension separation 

on 5-10 % gradient SDS-PAGE (25 cm x 30 cm). 

Gels with radioactive protein samples were fixed in 30% v/v methanol, 10% acetic acid for 

45 minutes at room temperature. A 45 minute incubation in Amplify (Amersham) or in 1M 

NaSalicylate in 30% v/v methanol completed the treatment of the gel prior to drying and exposure of 

the dried gel to film (Kodak XAR) at -80°C. 

2.2.10 Silver staining 

Silver staining of protein gels was initiated by fixation in 12% w/v trichloroacetic acid (TCA), 

50% v/v methanol for 30 minutes. All steps of the silver staining protocol were performed at room 
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temperature with shaking. Following fixation, the gel was transferred to 10% v/v ethanol, 5% v/v 

acetic acid for 20 minutes. The gel was transferred to 0.06% w/v KMn04, 0.02% w/v C.USO4, for 8 

minutes and immediately transferred to 7.5% v/v ethanol for 3 consecutive 1 minutes washes, one 8 

minute wash, and one 40 minute wash. The gel was transferred to ddH20 for 20 minutes before 

placing in 0.1% w/v AgNCu for one hour. The silver staining was developed by rinsing the gel briefly 

in ddH20 and incubating in 2% w/v K 2 C0 3 , 0.04% v/v formaldehyde until the protein staining 

reached the desired level. The silver staining reaction was terminated by a 4 minute incubation in 

1.0% v/v acetic acid. 

2.2.11 Western blotting 

Following SDS-PAGE, proteins were transferred to Immobilon-P polyvinylidene difluoride 

(PVDF) membrane (Millipore) using the Tris-Gly-methanol transfer system (272). To detect cell 

surface biotinylated proteins, the membranes were immediately placed in blocking buffer (2% BSA, 

0.05% Tween-20, 250 mM thimerosal, in PBS) for one to two hours at room temperature. 

Alternatively, the PVDF membranes were thoroughly dried and used for the remaining staining 

protocol without rewetting in methanol. Membranes were washed three times for five minutes in 

wash buffer (0.1% BSA 0.05% Tween-20, 250 mM thimerosal in PBS) before adding streptavidin-

horseradish peroxidase (SA-HRPO) (Jackson, 016-030-084) diluted 1:10,000 in wash buffer. After 

incubating 30 minutes at room temperature, membranes were washed in three five minute incubations 

of wash buffer and one five minute wash of PBS. Finally, membranes were developed according to 

the manufacturer's instructions for enhanced chemiluminescence (ECL) detection (Amersham) and 

exposed to x-ray film (Kodak XRP or XAR). 

To Western blot total CD45, the membranes were completely dried after transfer before 

incubating with a 1:1000 dilution of anti-CD45 antisera in wash buffer for one hour at room 
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temperature. Following three five minute washes in wash buffer, protein A HRPO (1:10,000 in wash 

buffer, BioRad) was added to the blot for one hour at room temperature. The membranes were 

washed again and detection was completed using ECL as above. 

Biotinylated lectins used for blotting were from Vector Research (provided by Dr. Peter 

Lansdorp, UBC, Vancouver, Canada) and were used at 0.5 pg/ml in wash buffer. The lectins used 

and are as follows: Datura stramonium lectin (DS), Phaseolus vulgaris erythroagglutinin (PHA-E), 

Phaseolus vulgaris leukoagglutinin (PHA-L), Bandeirea simplificifolia lectin I, Pisum sativum lectin, 

Lens culinaris lectin, Dolichus biflorus agglutinin, Vicia villosa lectin, Ricin communis agglutinin 

(RCA), Ulex europaeus agglutinin I. Incubations, washing, and detection with SA-HRPO and ECL 

were performed as described above. For certain experiments the Miniblotter-16 (Immunetics) was 

used to analyze multiple lectins on a single blot. 

2.2.12 Tyrosine phosphatase assay 

The PTP activity of DC CD45 was assayed essentially as previously described (273). DCs, 

m<|>s, and cell lines were prepared as described (Sections 2.1.1, 2.1.3, and 2.1.4) and lysed on ice for 

10 minutes in 0.5% Triton-XlOO, 20 mM Tris pH 7.5,150 mM NaCI, 2 mM EDTA, 0.2 mM PMSF, 

1.0 u,g/ml pepstatin, 1.0 pg/ml leupeptin, and 1.0 u,g/ml aprotinin. The lysates were centrifuged at 

16,000 g for 20 minutes at 4°C after which all cell lysates were adjusted to 2xl0 6 cells/ml in lysis 

buffer. CD45 was immunoprecipitated with 5 pi of I3/2-Sepharose CL-4B beads (Pharmacia, 4 

mg/ml packed beads) per ml of lysate. SFR8-B6 conjugated Sepharose beads (10 pi at 2 mg/ml) were 

used to assess non-specifically immunoprecipitated proteins. Following end over end incubation at 

4°C for two hours, the immunoprecipitates were washed twice with one ml of lysis buffer and twice 

with protein PTP buffer (50 mM Imidazole-Cl pH 7.2, 1.0 mM EDTA, 0.1% w/v2-ME, 0.05% w/v 
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Brij 96). The immunoprecipitates were finally resuspended in 100 ul PTP buffer such that every 10 pi 

of the suspension contained CD45 immunoprecipitated from 2 x 10s cells. 10 pi of each bead 

suspension was added per well to 100 pi microtitre plate wells (Costar) and equilibrated to 30°C. The 

reaction was initiated with the addition of 10 pi of the Tyr phosphorylated peptide, fyn 525-537 p531 

(TATEPQpYQPGENL), to a final concentration of 6 mM in PTP buffer. The plate was agitated at 

120 rpm during the assay. The reaction was stopped by the addition of 80 pi malachite green 

reagent (1 part 0.135% malachite green-oxalate in distilled water, 1 part 4.2% molybdate in 4 M HC1, 

2 parts distilled water, and Tween-20 to a final concentration of 0.01%). The release of inorganic 

phosphate was measured by determining the absorbance at 650 nm and converted to nmol phosphate 

released utilizing KH2PO4 to establish a standard curve. 

2.2.13 Membrane preparation 

Total cellular membranes were prepared according to the Tween-40 methodology as 

described by Williams and Barclay (274). RAW 309 CR.1 cells were harvested by centrifugation 

and washed twice in 50 mis of PBS. The cells were resuspended to 5 x 108/ml in PBS and 

proteolytic inhibitors were added to the following concentrations: IAA 5 mM, 4 mM EDTA 10 

pg/ml pepstatin, 40 pg/ml PMSF, and 5 pg/ml leupeptin. An equal volume of 5% w/v Tween-50 

in 10 mM Tris, 140 mM NaCI, pH 7.4, 0.02% w/v NaN 3 was added to the cell suspension. The 

cells were mixed at 4°C for 60 minutes and Dounce homogenized on ice. The homogenate was 

centrifuged at 650 g for 5 minutes and 4°C to remove nuclei and unhomogenized cell 

components. The supernatant was removed and placed on ice. The pellet was re-extracted in 

1/6* of the original volume of 2.5% w/v Tween-40 to which protease inhibitors had been added 

at half of the concentration described above. Following homogenization, the homogenate was 
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centrifuged as above. The pellet was re-extracted and homogenized until the intact cell number 

was less than 5% of the starting cell number. 

The supernatants from the 650 g centrifugations were placed into SW28 centrifugation 

ultraclear tubes (344058, Beckman) and centrifuged at 100,000 g at 4°C for one hour in a 

Beckman SW28 rotor. The supernatant (cytosolic fraction) was removed and the remaining 

pellet was used as a crude membrane fraction. This pellet was solublized in 1.0% v/v NP-40, 10 

mM Tris, 150 mMNaCl, and protease inhibitors as described for the 2.5% Tween-40 solutions. 

The resulting lysate was homogenized on ice, placed into SW28 tubes, and centrifuged at 

100,000 g in an SW28 rotor at 4°C for one hour. The supernatant was removed and place on 

ice. The lysate pellet was resuspended in 1/6* the original volume of NP-40 lysis buffer, 

homogenized, and centrifuged as above. The resulting supernatant was pooled with the initial 

lysate supernatant and utilized for mAb affinity chromatography. Samples of the homogenates 

and centrifugation supernatants and pellets were retained for analysis of the F4/80 molecule 

content. All material was stored at -80°C until further use. 

2.2.14 Monitoring of F4/80 molecule purification 

Monitoring of a molecule's purification can be performed by SDS-PAGE analysis of 

purified fractions. Although monitoring for the molecule's antigenic epitope provides a more 

rapid and quantitative assay of the desired molecule's purification (274), this assay could not be 

successfully used for antigen inhibition of the F4/80 mAb binding to fixed cells. Therefore, the 

F4/80 molecule purification was monitored by silver staining (section 2.2.10) of fractions eluted 

from an F4/80 mAb column (section 2.2.15.1). 

The purification for the F4/80 molecule was also monitored by DS lectin blotting after 

the reactivity of the DS lectin with the F4/80 molecule was characterized (section 4.2.2.6.1). 
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This analysis involved NP-40 solublization of samples removed from each stage of the 

purification. The NP-40 lysates were immunoprecipitated with F4/80-Sepharose beads and the 

samples were separated by SDS-PAGE, blotted to PVDF, and probed with biotinylated DS (see 

sections 2.2.7, 2.2.9, and 2.2.11). The intensity of the signal for each sample was determined be 

densitometric analysis. The amount of F4/80 molecule at each stage of purification was 

represented by the number of cell equivalents recovered relative to the value for intact cells 

(taken as 100% recovery). The protein quantity present at each stage of the F4/80 molecule 

purification was determined by the BioRad Coomassie Blue assay or by OD280 for the final 

column elutions since the protein concentration in the fractions was low. The F4/80 molecule 

content and the total protein at each stage were used to determine the purification factor for the 

F4/80 molecule. 

2.2.15 Chromatography 

2.2.15.1 Monoclonal antibody affinity chromatography 

Affinity chromatography was performed essentially as described by Williams and Barclay 

(274). Lysates of RAW 309 Cr. 1 cells or lysates derived from membrane enriched fractions of 

these cells (Section 2.2.13) were utilized for affinity chromatography on a F4/80-Sepharose 

column. The F4/80 and SFR8-B6 mAbs were purified from tissue culture supernatants of cells 

grown in 10% FBS (screened for reduced bovine IgG content) or in PFHM medium plus 0.1% 

FBS utilizing a protein G column according to the manufacture's instructions (Pharmacia). 

Bovine IgG was purified from calf serum for use as a non-specific Ab. The purified Abs were 

switched into 0.5 M NaCI, 0.1 M NaHC0 3, pH 8.3 by gel filtration chromatography with 

Sephadex G-50 (Pharmacia). The Abs were coupled to CNBr-activated Sepharose CL-4B 
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(Pharmacia) according to the manufacturer's instructions. Five milligrams of Ab were coupled 

per ml of final gel volume. 

All chromatography procedures were performed at 4°C. The SFR8-B6 and F4/80-

Sepharose columns were treated with elution buffer (0.1M DEA, 0.5% w/v CgGlc, pH 11.5) 

prior to testing of the column with radioactive cell lysates to determine if the F4/80 mAb was 

still recognizing the F4/80 molecule. After the elution was completed, the column was re-

equilibrated with 0.2% v/v NP-40, 20 mM Tris, 150 mM NaCI, 1 mM EDTA, pH 7.5 plus 20 

mM NaN3. The NP-40 lysate prepared in section 2.2.13 was first passed through a 40 ml packed 

volume of bovine IgG-Sepharose in a 2.5 cm diameter column (BioRad). A column flow rate of 

10-15 ml/hour was maintained by recycling lysate through the column via a peristaltic pump for 

18 hours. The lysate from the bovine IgG-Sepharose column was applied to a 5 ml SFR8-B6-

Sepharose column. The lysate was passed through this precolumn at 10-15 ml/hour until three 

volumes of the lysate had passed through the column. The precleared lysate was applied to a 5 

ml F4/80-Sepharose column in a BioRad Dispocolumn. A column flow rate of 10-15 ml/hour 

was maintained by recycling lysate through the column via a peristaltic pump for 18 hours. 

The column was first washed with 6 column volumes of 0.2% v/v NP-40, 20 mM Tris, 

150 mM NaCI, 1.0 mM EDTA, pH 7.5 plus 40 ug/ml PMSF at 15-20 ml/hour. Washing was 

continued with 6 column volumes of 0.2% v/v, 20 mM Tris, 1.0 mM EDTA, 0.75M NaCI, pH 

7.5 plus 40 pg/ml PMSF at 15-20 ml/hour. The next washes were with 4 column volumes of 20 

mM Tris pH 7.5, followed by 2 column volumes of 0.5% w/v C8Glc, 20 mM Tris pH 8.0, both at 

15-20 ml/hour. Elution of the column was performed with 0.5% w/v CgGlc, 50 mM DEA, pH 

11.5 at 15-20 ml/hour. Eluted fractions of 1.0 ml were immediately neutralized with 50 pi of 1.0 

M NaH 2P0 4 and PMSF was added to 40 pg/ml. The OD 2 8 0 and 3 5S content of each fraction 

66 



were determined. Fractions with S were analyzed by silver staining to determine the presence 

of the F4/80 molecule. Purifications which were done after the development of DS lectin 

blotting, also used DS lectin blotting to determine presence of the F4/80 molecule. 

2.2.15.2 Datura stramonium lectin affinity chromatography 

DS lectin (Sigma) was coupled to CNBr-activated Sepharose at 2-4 mg/ml of final 

Sepharose gel volume according to the manufacturer's instructions (Pharmacia). The DS-

Sepharose column was eluted with 0.5% w/v CgGHc, 50 mM DEA, pH 11.5 prior to further use 

and stored in 0.2% v/v NP-40, 20 mM Tris, 150 mM NaCI, 1.0 mM EDTA, pH 7.5 plus 20 mM 

NaN 3. The DS-Sepharose was utilized following prior use of a mAb-Sepharose column to purify 

the protein of interest. For small scale analytical samples, NaCI was added to the eluate from the 

mAb column to 0.15 M . The DS-Sepharose was processed exactly as described for the 

immunoprecipitation protocol described in Section 2.2.7. For large scale purifications of the 

F4/80 molecule, the eluted fractions from the F4/80-Sepharose column which were positive for 

3 5S counts were pooled, NaCI was added to 0.15 M , and the eluate was added to 1 ml of the 

DS-Sepharose. The batch incubation was for 6 hours to permit binding of the F4/80 molecule to 

the DS lectin. The DS-Sepharose was transferred to a 12 ml BioRad dispocolumn and washed 

as described above for the F4/80 mAb column (Section 2.2.15.1). Proteins were eluted from the 

DS-Sepharose with 0.5% w/v CgGlc, 50 mM D E A pH 11.5 at 15-20 ml/hour. The OD 2 8 0 and 

3 5S content of each fraction were determined. Fractions with 3 5S were analyzed by silver staining 

to determine the presence of the F4/80 molecule. Purifications which were done after the 

development of DS lectin blotting, also used DS lectin blotting to determine presence of the 

F4/80 molecule. 
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2.2.15.3 Anion exchange chromatography 

Anion exchange chromatography was performed on an FPLC system (Pharmacia). A 

Mono Q resin was used with a column height of 5 cm and a column diameter of 0.5 cm (HR5/5 

column, Pharmacia). The 3 5S Met-Cys labeled samples were prepared as in section 2.2.4.1, but 

were lysed in 1.0% v/v NP-40, 0.5% w/v CHAPS, 50 mM Tris, pH 9.0. The column was pre-

equilibrated with lysis buffer plus 1.0M NaCI before a final equilibration in lysis buffer. The 

sample was loaded onto the Mono Q column in lysis buffer at 1.0 ml/min. The flow rate was 

maintained at 1.0 ml/minute throughout the column elution. Column loading proceeded for 2 

minutes, followed by a further 4 minutes of washing with wash buffer. Column elution was 

achieved by an increase to 0.2 M NaCI over the next four minutes and a subsequent increase of 

the NaCI concentration to 0.5 M over 30 minutes. The NaCI concentration was then increased 

sharply to 1.0 M over 5 minutes and maintained at 1.0 M for a further 5 minutes. 1.0 ml 

fractions were collected and samples were removed for the determination of the radioactivity in 

each fraction. Even numbered fractions were analyzed by immunoprecipitation with F4/80-

Sepharose beads as described in section 2.2.7. 

2.2.16 Protease and CNBr digestion 

The purified F4/80 molecule eluted from the affinity columns, was first denatured with 

30 mM DTT and 6M urea at 80°C for 10 minutes. IAA was added to 80 mM and incubated at 

room temperature for 30 minutes in the dark. The samples were desalted with a Sephadex G25 

column (Pharmacia) and further desalted and concentrated with a centricon-30 (Amicon). The 

sample was subjected to cleavage by CNBr, Lys-C, or Glu-C digestion. 

CNBr digestion was accomplished in 70% trifluoroacetic acid (TFA) and 0.3 mg/ml of 

CNBr. The protein was incubated in an oxygen free atmosphere for 24 hours at room 
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temperature in the dark. The reaction mix was next lyophilized, resuspended in 100 pi ddH20, 

and lyophilized again. 

Lys-C digestion to cleave the protein at Lys residues utilized a digestion buffer of 100 

mM Na2HP04, 1 M urea, pH 8.2. The protein was kept in a 30 pi reaction volume to which 0.2 

pg of Lys-C (Promega) was added. Incubation was for 18-24 hours at 37°C. A further 0.2 pg of 

Lys-C was added after 12-14 hours of incubation. 

Glu-C digestion utilized 50 mM NFLAc, 1 M urea, pH 4.0 for cleavage at Glu residues 

only, or 50 mM NatLPC^, 1 M urea, pH 7.8 for cleavage at Glu and Asp residues. The reaction 

volumes were again 30 pi to which 0.2 pg of Glu-C (Promega) was initially added and 0.2 pg 

was added after 12-14 hours of incubation at 37°C. The incubation was continued for 18-24 

hours. 

The lyophilized protein from CNBr digests or the solution following enzyme digests was 

resuspended in SDS-PAGE loading buffer for analysis by 10-17.5% SDS-PAGE 

2.2.17 Amino acid analysis and peptide sequencing 

Amino acid analysis and peptide sequencing were performed by Ms. Sandy Kielland of 

the Protein Microchemistry Centre at the Department of Biochemistry and Microbiology, 

University of Victoria, Victoria, BC, Canada. Proteins were blotted to PVDF membrane, 

extensively rinsed in ddH20, and hydrolyzed in 6N HC1 for 16-24 hours prior to amino acid 

analysis with an Applied Biosystem 420A derivatizer-analyzer system. N-terminal or CNBr 

peptides were sequenced from proteins blotted to PVDF membrane also using standard 

sequencing techniques. Phenylisothiocyanate (PITC) chemistry was employed for amino acid 
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derivatization. The sequencing was performed with an Applied Biosystem 470A gas phase 

sequencer. 

2.2.18 Sucrose density centrifugation 

Density gradient ultracentrifugation was performed similarly to the procedures described 

by Martin and Ames (275) and Cresswell (49). PEC cell lysates were prepared as described in 

section 2.1.4 and 2.2.4.1 with the following modifications. PECs were cultured 48 hours after 

initial isolation in supplemented RPMI in the presence or absence of 200 U/ml murine IFN-y 

(Genzyme). The PECs were labeled with [35S] Met-Cys for 1 hour followed to allow transport 

of CD45 to the cell surface (Figure 22). The cells were lysed in 1.0% w/v C8Glc rather than NP-

40 lysis buffer. The cell lysates were not centrifuged at 10,800 g for 20 minutes before use. 

Gradients of sucrose from 5-20% in 50 mM phosphate buffer, pH 7.5, plus 0.5% C8Glc, were 

poured with a 0.2 ml cushion of 20% w/v sucrose at the bottom of the tube and 11 ml of the 

sucrose gradient. Gradients were prepared with a gradient maker into SW41 (344059, 

Beckman) tubes. Detergent lysates from equivalent numbers of cells were overlaid onto the 

sucrose gradients and centrifuged in an SW41 rotor at 4°C and 148,000g (36,800 rpm) for 24 

hours for CD45 analysis and 184,000g (38,600 rpm) for 29 hours for I-Ad. Following 

centrifugation, the lysate was removed as the first fraction. Fractions 2 through 12 of 1.0 ml 

were manually collected from the top of the gradient. The collected fractions were 

immunoprecipitated with the anti-CD45 mAbs Ml/9, F4/80, or B21-2 (see Table 2) as described 

in Section 2.2.7 and analyzed by SDS-PAGE and fluorography as described in Sections 2.2.9. 

and 2.2.7. 
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2.2.19 Densitometry 

Quantitation of radioactive proteins separated by SDS-PAGE and exposed to x-ray film was 

performed where necessary with a Molecular Dynamics laser densitometer. 
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2.3 Nucleic Acid Techniques 

2.3.1 Description of plasmids 

The three variably spliced exons of mouse CD45 are each inserted into the pGEM3 

polycloning site at the Smal site (Promega) as described (276). The exon 4, 5 and 6 inserts 

contain the nucleotides 206-349, 350-497, and 498-628 respectively of the mouse CD45 cDNA 

sequence. The plasmids are referred to as p6pGEM3 for the plasmid with the exon 4 insert, 

p4pGEM3 for the plasmid with the exon 5 insert, and pCpGEM3 for the plasmid with the exon 

6 insert. 

2.3.2 Description of oligonucleotides 

In order to determine the expression of CD45 isoforms by reverse transcriptase-

polymerse chain reaction (RT-PCR), 2 oligonucleotides were used for the PCR and one 

additional oligonucleotide for blotting of the CD45R0 isoform. The sequences of the 

oligonucleotides for PCR have been previously described (276) and are as shown below. 

IHCD45-1 5' ACCATGGGTTTGTGGCTCAAACT 3' 

(nucleotides 128-150 sense) 

IHCD45-2 5' GCTATGGTTGTGCTTGGAGGGTC 3' 

(nucleotides 689-711 antisense) 

The oligonucleotide used to detect the amplified CD45R0 PCR product was designed 

with 11 nucleotides from exon 3 (underlined below) and 12 nucleotides from exon 7. The T m of 

the entire 23-mer is 75.4°C in 2M NaCI whereas the T m for the individual exon 3 11-mer and 
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exon 7 12-mer portions are 48.1°C and 57.6°C respectively. Therefore, hybridization at 65°C in 

2M NaCI resulted in the detection of the exon 3/exon 7 boundary present in CD45R0, but no 

detection of other CD45 isoforms. 

IHCD45-3 5' TGAGGCTGGCACGATCACTGGGT 3' 

(nucleotides 639-650/210-220 antisense) 

2.3.3 RNA purification 

Total ribonucleic acid (RNA) was purified from cells by the guanidinium isothiocyanate 

(GITC) protocol (277). Briefly, cells were washed in PBS and pelleted by centrifugation. The 

cell pellet was lysed in 6 mis of 4M GITC, 25 mM NaCitrate pH 7.0, 0.8% v/v 2-ME. The cell 

lysate was passed through a 23 gauge needle 6 to 10 times in order to shear DNA. The cell 

lysate was next layered onto a 4 ml CsCl cushion (5.7 M CsCl, 25 mM NaAc pH 5.0, 0.1 mM 

EDTA) in SW41 tubes (344059, Beckman). The tubes were centrifuged at 32,000 rpm at 23°C 

for 16 hours in the SW41.1 rotor. The RNA pellet was resuspended in 200 pi ddH20 with 0.2 

U/ml RNAsin and 1.07 mM DTT. The RNA was ethanol precipitated, centrifuged and 

resuspended in ddH20 plus RNAsin and DTT. The resulting RNA was quantitated by the OD26o 

and stored at -80°C before use. 

2.3.4 First strand cDNA synthesis 

First strand cDNA synthesis was performed using standard molecular biology techniques 

(277). Total RNA (1.0 pg) was added to the reaction mixture which contained the following 

components at the final concentration listed: 2.5 mM MeHgOH, 10 mM DTT, 0.6 U/ml 

RNAsin, IX reverse transcriptase reaction buffer (25 mM Tris-HCl, 37.5 mM KC1, pH 8.3), 1 
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mM dNTPs, and 12.5 pg/ml oligo dTi2-i8 (Pharmacia). The mixture was made up to a volume of 

19 pi with ddH20 and heated to 42°C for 2 minutes. 1.0 pi of reverse transcriptase (4 Units, 

Superscript, BRL) was added and the reaction was continued at 42°C for 1 hour. The reaction 

mix was incubated at 75°C for 5 minutes before placing the tubes at 4°C until use in the PCR 

reaction. 

2.3.5 Polymerase Chain Reaction 

The first strand cDNA was used for a template in the PCR reaction. One pi of the first 

strand product was diluted with ddH20, denatured at 95°C for 5 minutes, and placed on ice. 

PCR reaction buffer (Boehringer) was added to IX strength (10 mM Tris-HCl, 1.5 mM MgCl 2, 

50 mM KC1, pH 8.3) and dNTPs added to the final reaction concentration of 1.0 mM. For the 

primers IHCD45-1 and IHCD45-2, 125 pmol of each was added per reaction. Finally, 0.5 U Taq 

polymerase was added. Following an initial 5 minute 95°C incubation, the samples were cycled 

with a denaturation step of 45 seconds at 95°C, an annealing step of 30 seconds at 65°C, and an 

extension time of 60 seconds temperature at 72°C. The PCR reaction was performed with a 

Perkin Elmer GeneAmp 9600. After 29 cycles, a final extension step at 72°C for 10 minutes was 

performed before cooling the samples to 4°C. Typically 12.5 pi of a 25 ul reaction volume for 

each sample was analyzed by 2.0% w/v agarose gel electrophoresis. The representation of the 

PCR reaction procedure and the expected products for the different isoforms are described in 

Figure 9. 

74 



. O RJ 
M-I •»-> 
O O 

Oil 
G 

.>; 

n 
s-

IT) 

Q 
U 
o 

=5 

O 

is 
c 

o 
a . 

sit 
ro 

5 CO 

O 
i—i 
<N 
O o 
cS 

O 

8 

i n 

o 
CN 

NO , ON 

8 

ro 

o 
ON 

oo 
o 
ro 

o 
ON 

NO 

o 
00 

8 

<*< CO o O 
s 

CD
45

1 

CD
45

1 

C
D

45
 

CD
45

 

i c q 

ro ro 

U. 

ro ro ro ro ro 

« p ^ _ , etf 

to .2 r CO c o 
X 

cn 

o 3 H p$ 

08 

X! 
TS 

U i 

O 5 N ^ r } 

"2 e « ••S oo S ,S « o c 
* - r 8 « - s 
w o a u ^ 

S g | 

I S1 j &<2 

.£ .5 >r . <« 
« - a <u b c2 XJ E > * 5o oo 
4j c o £ c -> 

«» fi -I ° e 
s c § § 8 2 
IS -H - o -55 3 
0 0 <D co S H 5 
CU > C *3 _ : 

a * g * 3 . s 

U 2 "5 •§ -S 2 
co S g co & 

£ ^ H £ >>PH 

o a. £ je rt * 

2̂ „ e 0 5 a «u. 
ON H 
CU 
fa S 
DC 

c 

U 0) l co 

S .S oo H 

75 



2.3.6 Agarose gel electrophoresis and blotting 

Agarose gel electrophoresis was performed essentially as described by Sambrook et al 

(277). Typically, 0.5X Tris-Borate-EDTA was used as the buffering system for 1% to 2% w/v 

agarose gels. Gels included a final concentration of 0.1 pg/ml ethidium bromide. 

DNA separated by agarose gel electrophoresis was blotted to Hybond-N (Amersham) by 

capillary blotting as described (277). The agarose gel was incubated in denaturation solution 

(1.5M NaCI, 0.5M NaOH) for 30 minutes at room temperature, rinsed briefly in ddH20, 

incubated in neutralization solution (1.5 M NaCI, 0.5 M Tris, 1 mM E D T A pH 7.2) for 15 

minutes at room temperature, and rinsed briefly in ddH20 before capillary blotting. Following 

capillary blotting, the DNA was crosslinked to the Hybond-N filter by exposure to UV light 

(254 nm wavelength) for 4 minutes. 

2.3.7 3 2 P labeling of probes and hybridization 

The exon specific probes were generated by random priming of the pGEM3 constructs 

described in section 2.3.1. The random priming reaction contained 50 ng of the plasmid D N A 

50 uCi [a32P] deoxycytidine triphosphate (dCTP), 10 U Klenow fragment, 40 pg/ml B S A 0.2 

M HEPES, 50 mM Tris-HCl pH 8.0, 5 mM MgCl 2, 1 mM 2-ME, 0.4 mM of each dNTP, 200 

pg/ml random hexamers (Boehringer), and ddH20 added to 50 pi final volume. Prior to the 

addition of the Klenow fragment, the reaction mixture was incubated at 95°C for 5 minutes and 

placed on ice. After addition of the Klenow fragment, the reaction mixture was incubated at 

22°C for 12 hours. 

The oligonucleotide IHCD45-3 was used to detect the CD45R0 isoform PCR product 

which uniquely possesses the exon 3/exon 7 boundary (Figure 9). IHCD45-3 was labeled by 3' 

tailing with terminal deoxynucleotide transferase (TdT). The reaction contained 50 ng IHCD45-
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3, 50 uCi [a32P]dCTP, 25 TJ TdT, 0.75 mM CoCl 2, reaction buffer to IX concentration (0.1 M 

potassium cacodylate, 12.5 mM Tris, 125 ug/ml BSA, pH 6.6) and ddFkO to a volume of 50 pi. 

The labeling mixture was incubated at 37°C for 4 to 6 hours. 

Unincorporated 3 2 P was removed from random primed plasmids or TdT tailed oligos by 

nick-spin chromatography with Sephadex G-50 spin columns (Pharmacia). 

The random primed probes were denatured at 95°C for 5 minutes and placed on ice 

before use. Filters were prehybridized in 12X SSC, 5X Denhardt's, 0.5% SDS, and 100 pg/ml 

sheared herring sperm DNA for 1 hour at 65°C. The denatured random primed probes or labeled 

IHCD45-3 were added to the filters in 12X SSC, 5X Denhardt's, and 0.5% SDS. Random 

primed probes were incubated 12 to 18 hours at 65°C with the filter before washing once at 

room temperature with 2X SSC, 0.5% SDS and typically three times in 0.1X SSC, 0.5% SDS at 

68°C. IHCD45-3 was incubated with the filters for 2 to 6 hours at 65°C before washing once at 

room temperature in 12X SSC, 0.5% SDS and twice for one minute in 2X SSC, 0.5% SDS at 

65°C. The filters were exposed to Kodak XAR film at -70°C. 
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3. CHARACTERIZATION OF CD45 IN DENDRITIC CELLS AND MACROPHAGES 

3.1 Introduction 

The characterization of DCs has primarily concentrated on their unique functional 

capabilities. However, the molecular mechanisms responsible for these unique abilities had 

remained largely unaddressed at the time of initiation of this research project. Thus, a 

characterization of DC proteins could provide important information to explain DC biology and 

provide targets for experimental manipulation of the IR by targeting DC function. The 

comparison of DCs to mfys is also important in defining the contribution of DCs and 

macrophages to IRs and in defining the biology of m<|)s themselves. The beginning of this chapter 

describes testing of a sensitive labeling and detection system for cell surface proteins for use with 

DCs. The characterization of CD45 on DCs was of significant interest (as described in the next 

sections) which directed the research towards the characterization of DC and m<|) CD45. 

3.1.1 The general characteristics of the CD45 protein. 

CD45 is expressed at the cell surface of all lineages of hematopoietically derived cells with the 

exception of mature erythroid cells (reviewed in (266,278)). CD45 is among the most abundant 

lymphocyte glycoproteins which led to its characterization by several mAbs against human, mouse, 

and rat CD45. CD45 can be divided into structural domains consisting of an extracellular N-terminal 

region which is heavily O-glycosylated, a Cys rich membrane proximal extracellular region which 

contains primarily N-linked glycosylation, a transmembrane segment, and a cytoplasmic region which 

consists of two PTP domains (Figure 10A). As described in the following section (Section 3.1.1.1), 

alternative splicing generates distinct protein isoforms with isoform specific protein backbones and 

the differential inclusion of O-glycosylation sites. The tendency of O-glycosylated regions to form 
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extended structures, could cause the CD45 protein to extend further from the membrane than most 

typical transmembrane proteins, 51 nm from the membrane for the CD45 isoform containing all of 

the alternatively spliced exons (Figure 10B). 

3.1.1.1 Alternative splicing of the CD45 gene 

The alternative splicing of exons 4, 5, and/or 6 (also called exons A B, and C, respectively) 

increases the molecular complexity of CD45 expression by the generation of different protein 

isoforms (279-283). The eight potential products of the alternative splicing events are outlined in 

Figure 9. Alternative splicing events involving exon 7 have been detected at the mRNA level 

although a protein product from this mRNA has not been detected (284). 

The alternative splicing events appear to be tightly regulated as evident from the cell type 

specific isoform expression. B cells primarily express the CD45RABC isoform which is also referred 

to as B220 due to its 220 kDa apparent molecular mass in SDS-PAGE. In contrast thymocytes 

primarily express the CD45R0 isoform. CD45R0 lacks all of the alternatively spliced exons and 

demonstrates an apparent molecular mass of 180 kDa. Peripheral T cells also demonstrate regulation 

of isoform expression with naive T cells expressing isoforms with alternatively spliced exons 

(285,286). Activated and memory T cells return their expression to primarily CD45R0 (287). The 

regulation of CD45 isoform expression can be further delineated among the THi and TEfe cell lines 

(276). THi cells express primarily CD45R0 whereas TH 2 clones appear to express several isoforms 

with one or two alternatively spliced exons. The patterns of CD45 isoform expression outlined here 

are not absolute and may represent the dominant occurrence in a given cell population. Finer analyses 

can detect further variations among thymocyte, naive, and activated T cell populations. For example, 

activated T cells can regain expression of alternatively spliced exons in the CD45 isoforms following 
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an initial change to CD45R0 (288-291). More detailed reviews of CD45 isoform expression can be 

found in (278) and (266). The regulation of CD45 isoform expression and the effort which the cell 

must expend to exert this control, suggest that the CD45 isoforms likely have different functional 

properties. 

The control of CD45 alternative splicing is still not fully understood, but has been postulated 

to involve specific factors which either positively (292) or negatively (293) regulate splicing events. 

The transfection of a minigene construct including only exons 3 to 7 into B cells, T cells, and L cells 

demonstrated that alternative splicing of the minigene mirrored the endogenous splicing pattern 

(292). In L cells, which do not normally express CD45, only the splicing form between exons 3 and 7 

was seen. This result was interpreted to support the requirement for trans-acting factors in the 

inclusion of exons 4, 5, and 6. Further support for this idea was provided from the fusion of B cells, 

which primarily express the CD45RABC isoform, and T cells, which predominantly express the 

CD45R0 isoform. The hybrid cells demonstrate a B cell splicing pattern with the inclusion of CD45 

alternatively spliced exons. Other studies have demonstrated that signals flanking or within the 

alternatively spliced exons are important for directing correct alternative splicing (294). Therefore, 

trans-acting factors which interact with the sequences surrounding or in the alternatively spliced 

exons likely mediate specific splicing events, whereas the production of CD45R0 would be the 

default product in the absence of the proposed trans-acting factors. 

3.1.1.2 Tyrosine phosphatase activity of CD45 

The identification of the placental phosphatase PTP IB (295) and its homology with the two 

CD45 cytoplasmic domains, led to the demonstration of CD45's phosphatase activity (296). Other 

studies with mutant T cell (297,298) and B cell lines (299) which lack CD45 pointed to the 
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requirement for CD45 in signal transduction following antigen receptor stimulation. Tyr 

phosphorylation, inositol triphosphate production, and an increase in Ca** flux which normally take 

place following CD3/TcR engagement are absent in CD45 negative T cell lines (298,300). Not 

surprisingly, normal TcR signaling is dependent on the CD45 PTP activity (301) which may serve to 

dephosphorylate negative regulatory sites on p56lck and p S ^ (302,303). CD45 may function 

similarly in B cells where p56lyn and/or p56bDc may be the target for CD45 PTP activity (304,305). The 

src family kinases subsequently phosphorylate ITAM motifs on proteins in the antigen receptor 

complexes including CD3 y, 8, s, the TcR £ chain, Iga, and Ig(3. The phosphorylated ITAM motifs 

likely serve as a scaffold upon which proteins with SH2 domains, such as PI-3-kinase and ZAP-70, 

bind and initiate further downstream signaling events (238). Studies of CD45 knockout mice have 

confirmed the importance of CD45 in T cells (306). Mice without CD45 have a dramatic defect in T 

cell development in addition to producing B cells and mast cells that are defective in their signaling 

capacities through specific surface receptors (307). 

More specific functional and structural analysis has provided detailed knowledge of the CD45 

phosphatase domains. Of the two phosphatase domains, only the membrane proximal domain 

possesses phosphatase activity (308), although mutations in the membrane distal phosphatase domain 

will affect the membrane proximal domain's phosphatase activity (309,310). The interaction between 

the two domains may also negatively regulate the membrane distal domain's activity since the 

expression of the distal phosphatase domain independently of the membrane proximal domain results 

in PTP activity (311). The phosphorylation of CD45 on Ser, Thr, and Tyr residues has also been 

implicated in the regulation of CD45 function. Ser/Thr phosphorylation correlated with inhibition of 

CD45 PTP activity (312), but the significance of Tyr phosphorylation (313)is not yet clear. These 
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findings resulted from non-physiological or in vitro analysis so further investigation will be required to 

clarify the in vivo role of CD45 phosphorylation on CD45 phosphatase activity. 

3.1.1.3 Isoform specific functions 

As described in Section 3.1.1.1, functional differences for each isoform have been inferred 

from the tight regulation of isoform expression in different cell types. This control is most evident in T 

cells where naive T cells express higher molecular weight isoforms that include the alternatively 

spliced exons, whereas activated and memory T cells primarily express the low molecular weight 

isoform, CD45R0, or the single exon isoforms (285,286). Functional differences for the CD45 

isoforms have been described in lymphocytes (269,314-316). Each isoform expressed on memory, 

but not naive, T cells appears capable of associating with a unique co-receptor or co-stimulatory 

molecule such as CD2, LFA-1, or CD4/CD8 in the T cell membrane (314,315). Likewise, in human 

peripheral T cells, CD45R0 is associated with CD2, CD45RA is associated with LFA-1, and 

CD45RC is associated with CD4 or CD8 (315). In mouse memory T cells, CD45 appears to be 

associated with CD4 or CD8 and the TcR/CD3 complex (314). These altered membrane dynamics 

could explain why memory and naive T cells have differential sensitivity and response kinetics to T 

cell activation signals (25,317). 

The expression of individual isoforms in antigen specific T cell lines and in transgenic mice 

indicates that specific isoforms can differentially affect T cell proliferation in response to antigen or 

TcR stimulation (269,316). In thymocytes CD45R0 is typically the dominant isoform expressed. Chui 

et al found that the transgenic expression of CD45RABC in thymocytes increased thymocyte 

proliferation in an MLR or in response to TcR crosslinking (269). CD45RABC enhanced thymocyte 

Tyr phosphorylation and Ca^ flux following TcR engagement. The transgenic overexpression of 

83 



CD45R0 in thymocytes had little effect, but did potentiate TcR signaling if phorbyl myristic acid was 

added as an additional stimulus. In these transgenics, CD45RABC was able to interfere with the anti-

CD4 mediated inhibition of TcR signaling, whereas CD45R0 had no effect. The transfection of 

specific CD45 isoforms into a CD45" T cell clone also differentially rescued TcR signaling capabilities 

(316). In this case, the transfection of CD45RABC caused a poor response to antigen, whereas 

CD45R0 or CD45RC transfected cells possessed a good response to antigen. In all cases the 

expression level and the PTP activity of CD45 was similar, indicating that the domains from 

alternatively spliced exons were modulating the T cell response. 

Despite the prediction that different isoforms may alter the binding of CD45 to different 

ligands in cell-cell interactions, the search for a CD45 ligand is still in progress. The binding of CD45 

to CD22 has been clearly demonstrated, but this interaction is mediated by the specificity of CD22 for 

<x2-6 sialic acid residues on CD45 (201,318). The interaction is not specific for CD45 and occurs 

between CD22 and all CD45 isoforms (171). Galectin-1 has also been proposed as a CD45 ligand 

via binding of the Galectin-1 lectin domain to the carbohydrates of CD45 (194). The existence of 

specific receptors for CD45 isoforms remains to be demonstrated. 

3.1.2 Rationale for characterizing CD45 on dendritic cells and macrophages 

CD45 is not only expressed on lymphocytes, but also on other hematopoietic cells including 

m<J)s and DCs. Whereas CD45 appears to be implicated in lymphocyte antigen receptor signal 

transduction, the function of CD45 on other hematopoietic cell lineages which lack antigen receptor 

complexes may extend to other physiological functions. The extracellular region of CD45 could be 

functionally relevant as a receptor for other proteins involved in cell-cell adhesion with DCs and m<J)s 
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or in interactions between molecules within the cell membrane (314,315). In this respect, the 

characterization of the isoforms expressed by DCs and m<j>s is of interest since isoform specific 

functions described for lymphocytes may also be relevant to non-lymphocyte membrane protein 

interactions. 

Some attempts have been made to address the function and isoform expression of CD45 in 

DCs, but the results are largely inconclusive. mAbs to human CD45 have been shown to disrupt 

primary MLRs and T cell-DC clustering (319). The majority of the effect appears to be mediated 

through T cell CD45 as judged by preincubation of separate populations with anti-CD45 mAbs prior 

to the MLR. However, blocking of CD45 expressed on DCs did result in a significant inhibition of 

the MLR. Analysis of human LCs have shown results varying from expression of low quantities of 

known isoform epitopes despite high expression of total CD45 (320) to expression of CD45R0 and 

CD45RB (127). FACS analysis and staining of cytospin preparations of human blood DCs showed 

expression of CD45RA, RB, and RO epitopes (122). M<j) CD45 isoform expression has not been 

extensively characterized. Human monocytes have been reported to express the CD45R0 and 

CD45RA isoforms (321). 

The PTP activity of CD45 could also be involved in DC and m<j> antigen presenting function, 

tissue localization, and/or differentiation. Signal transduction events in DCs and m<|)s including 

responsiveness to cytokines, Tyr phosphorylation, and calcium fluxes have been described. In studies 

of DC signal transduction, the responsiveness of DCs to specific cytokines has been the only 

indication of active signal transduction pathways in DCs. GM-CSF has been implicated in enhancing 

the T cell stimulatory functions of DCs, supporting the in vitro viability of purified DCs, and in the 

stimulation of DC production from DC precursors in the blood and bone marrow. TNF-ct and IL-1 
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have also been well characterized for their effect on DCs (see Section 1.2.3.2). Thus, signal 

transduction pathways must be present and active in DCs, potentially involving CD45. 

The presence of CD16(FCRYIH), CD32(FcRyII), and CD64(FcRyI) on mtys and 

CD32(FcRyH) on DCs indicated the presence of signaling pathway involving Tyr 

phosphorylation and calcium fluxes (322). Tyr phosphorylation of m<)>s in response to 

stimulating agents such as LPS (323,324) also indicated further responses in which CD45 could 

be involved. The characterization of m<t» src family kinases such as hck (325) indicated potential 

targets of CD45 PTP activity, analogous to CD45's activation of T cell p56 lck by 

dephosphorylation of the negative regulatory Tyr 505. Therefore, it was reasonable to speculate 

that CD45 and its PTP activity could be involved in signal transduction in cells lacking classical 

antigen receptors. 

The demonstration of FcRel on DCs (122) also indicated the potential involvement of CD45 

in DC response to IgE. The FcRel complex consists of an a chain which binds IgE, a non-covalendy 

associated P chain, and a disulfide linked y chain homodimer. The y chain is also used in the 

CD16(FcRyIJJ), CD32(FcRyII), and CD64(FcRyI) complexes (326) and is related to the Q chain 

which forms a homodimer in the TcR/CD3 complex (327). The cytoplasmic C chain domain is 

capable of mediating T cell activation following crosslinking even if C, is expressed independently of 

the TcR/CD3 complex (328,329). The phosphorylation of TTAM motifs in the C cytoplasmic domain 

by T cell kinases p56lck or p56^" likely recruits other proteins with SIC domains to the signaling 

complex to initiate downstream events (238). The presence of TTAM motifs in the FcRel y and P 

chains indicates that CD45 may be involved in the regulation of DC kinases which phosphorylate 

these TTAM motifs. 
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3.1.3 Objectives 

The characterization of the CD45 isoforms expressed by DCs and the comparison to m<t> and 

lymphocyte isoform expression patterns was the initial goal of these studies. This initial 

characterization led to interest in characterizing the potential for CD45 to exist as multimers at the 

cell surface. The characterization of DC and m<J> CD45 phosphatase activity was pursued to support 

the possibility of CD45 being involved in the activity, migration, and differentiation of DCs and m<j)s 

before investigations of specific signaling pathways were undertaken. CD45 PTP activity also 

required further definition since the existence of multimers can negatively influence the PTP activity 

of CD45 (330). Finally, a demonstration of DC CD45 PTP activity would be the first identification of 

an enzymatically active, isolated component of signal transduction in DCs. 

3.1.4 Approach 

The study of DC proteins had been severely hampered by the difficulty in isolating sufficient 

quantities of DCs and the previous absence of DC culture methods or DC cell lines. Therefore, the 

determination of isoform expression of DCs required the use of methods which allow the detection of 

protein or mRNA from small numbers of cells. Three approaches were used to provide 

complementary and corroborative information about CD45 isoform expression. The first method was 

FACS analysis. FACS analysis is suited to the analysis of limited cell numbers since staining and 

detection can involve 50,000 cells per sample. The study of murine DCs rather than human DCs was 

also preferable for several reasons including the existence of DC-specific mAbs and improved 

purification methods for murine DCs which permit phenotypic and biochemical characterization of 

murine DCs. Therefore, the analysis of isoform expression on different murine cell types was initiated 
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by single staining of homogeneous populations (i.e. m<|>s) with a panel of mAbs with anti-CD45 exon 

dependent mAbs (Table 2) or double labeling of mixed populations (i.e. DCs) using the anti-CD45 

mAb panel and a DC-specific mAb. Since an anti-CD45R0 mAb is not available in the murine system, 

a second method to analyze CD45R0 was required. 

The biochemical characterization of CD45 affords a method to help delineate specific 

isoforms. By developing a sensitive cell labeling system, biochemical analysis of DC CD45 was made 

easier, although still challenging. The exon dependent mAbs can be used to immunoprecipitate all 

higher molecular weight isoforms of CD45. If this precleared lysate is subjected to 

immunoprecipitation with mAbs to common CD45 epitopes, CD45R0 should be clearly detected as 

the predominant isoform remaining. This biochemical analysis would also provide the opportunity to 

assess if the protein isoforms of DCs and m(j>s exhibit similar migration in SDS-PAGE relative to 

lymphocyte CD45. Differences in the apparent molecular weight could imply altered glycosylation of 

CD45 in DCs and m<|>s which has been reported in the comparison of CD45 between lymphocytes 

before and after activation (331,332). 

The third method to assess CD45 isoform expression was RT-PCR which determines which 

CD45 isoform transcripts are expressed in a particular cell population (276). This method is 

dependent on pure populations of cells and on the assumption that the cell type of interest is still 

expressing the mRNA for CD45. 

CD45 PTP activity from different cells was directly assessed by immunoprecipitating CD45 

and quantitating the amount of PTP activity and the amount of CD45 present. This allows a 

comparison of the PTP activity from different cells relative to the amount of CD45 present (273). 

In attempting to demonstrate CD45 multimers, three approaches were utilized. Co-

immunoprecipitation provided the first impetus to study the phenomenon, but provided inconsistent 
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results. Therefore, the existence of multimers was assayed after chemical cross-linking of cell surface 

molecules and by ultracentrifugation through sucrose gradients. These two approaches should detect 

molecular complexes via the covalent crosslinking of associated molecules or the migration 

characteristics of detergent solublized CD45, respectively. 

3.2 Results 

3.2.1 Testing of a sensitive cell surface protein labeling and detection system for the 

characterization of DC surface proteins 

3.2.1.1 Development of a biotin labeling system 

The largest problem in the analysis of DC proteins was the limited number of DCs which 

could be isolated from mice. Therefore, the development of a system which would permit the 

detection of proteins from small numbers of DCs was required. For the cell surface labeling of 

cells, the most common methods are iodination of Tyr residues of proteins with 1 2 5I or labeling 

of glycoproteins with 3 H following sodium periodate treatment. 

An alternative to radioactive labeling of cell surface proteins, is to label with activated 

biotin derivatives such as sNHS-biotin. The detailed protocol for cell surface biotinylation with 

sNHS-biotin is described in section 2.2.2. A titration of the sNHS-biotin reagent, indicated that 

100 to 1600 u,g/ml/2xl07 cells produced significant biotinylation of the cell surface molecules 

(Table 3). The decreased labeling for 3200 p.g/ml sNHS-biotin is indicative of the detrimental 

effect of the high final concentration of DMSO on the cells. The concentration of DMSO was 
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kept below 1.0 % to avoid internal protein labeling. Therefore, 800 u,g/ml/2xl07 cells of sNHS-

biotin was routinely utilized for cell surface biotinylation. The results obtained in representative 

labeling experiments are described in the following section (3.2.1.2). 

sNHS-biotin concentration (fjg/ml) mean linear fluorescence units 

0 0 
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Table 3: Titration of sNHS-biotin for cell surface biotinylation 

P388Di-leukemia cells were cell surface biotinylated with the concentrations of sNHS-
biotin indicated (see Section 2.2.2). Following cell surface biotinylation, the cells were analyzed 
by FACS analysis with SA-FITC. The mean linear fluorescence (MLF) was derived by 
subtraction of the MLF of unlabeled cells from the MLF of each sample. 

3.2.1.2 Determination of the sensitivity of the labeling system 

Prior to utilizing the cell surface biotinylation protocol for DC protein analysis, the 

protocol was first tested on cell lines to determine the efficacy of the system. The P338Di-

leukemia cell line was utilized as a test cell line since initial analysis indicated it expressed DC 
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Figure 11: Determination of the sensitivity of the cell surface biotinylation system 

A) P388Di-leukemia cells were analyzed by FACS analysis with the following mAbs 
with specificity for the molecules indicated in each panel: i) SFR8-B6, ii) T24/31, iii) 2.4G2 iv) 
YE1/9.9.1 v) IM7.8.1, vi) YN1/1. The mean linear fluorescence values (MLF) for each mAb 
following subtraction of the control mAb MLF, are shown for each mAb. B) P388Di-leukemia 
cells were collected by centrifugation and washed with biotin labeling buffer to initiate the biotin 
labeling protocol (Section 2.2.2). Following labeling, the cells were lysed in NP-40 lysis buffer. 
Lysate corresponding to the number of cells indicated in the figure, was utilized for 
immunoprecipitation of the TfR with the mAb yEl/9.9.1. When the initial volume of lysate was 
less than 200 pi, lysis buffer was added to make the final volume 200 pi prior to the addition of 
the mAb. The immunoprecipitated proteins were analyzed by 5-15% gradient SDS-PAGE and 
transferred to PVDF membrane. The location of biotinylated proteins was completed by blotting 
with SA-HRPO, reacting the membrane with ECL reagents, and exposing the membrane to film. 
The exposure shown is a 60 second exposure to Kodak-XRP film. 
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and m$ antigens. A FACS analysis of the P388Di-leukemia cells shows the expression of several 

leukocyte antigens. Among these proteins, the TfR was expressed at comparable levels to most 

other proteins (Figure 11 A) and was selected as a test molecule to evaluate the biotinylation and 

detection system. The immunoprecipitation of TfR from lysates of cell surface biotinylated 

P388Di-leukemia cells, is shown in Figure 11B. The number of cells in the initial lysate was 

varied from lx l0 6 to lx l0 3 . The exposure time required to detect TfR from lxlO 6 cells was only 

5 seconds. To detect TfR from lxlO 4 cells, an exposure time of 60 seconds was required. 

Proteins present in grossly different amounts, as in Figure 1 IB, can still be clearly detected by 

utilizing different exposure times with ECL detection which is not possible with insoluble 

enzyme products. The ability to detect proteins from as few as 10000 mammalian cells 

suggested that the cell surface biotinylation and ECL detection system would be optimal for 

analyzing DC cell surface proteins. 

3.2.2 CD45 isoform expression on murine DCs determined by FACS analysis 

3.2.2.1 Purified Murine Splenic DCs 

In order to investigate the expression of CD45 isoforms on mouse DCs, purified splenic DCs, 

purified thymic DCs, and 'fresh' splenic DCs were analyzed. These populations were chosen since 

phenotypic and functional differences have been described between DCs from different anatomic 

locations and after in vitro culture used in purification protocols (93,94,263). For example, thymic 

DCs are N418+, NLDC-145+, J l ld + ' and 33D1" while most splenic DCs are N418+, NLDC-145', 

Jlld' , and 33D1+. Splenic and thymic DCs purified by BSA density centrifugation and differential 

adherence were analyzed using rat anti-mouse CD45 mAbs (listed in Table 2) and the hamster mAb 
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Figure 12: CD45 isoform expression by purified murine splenic DCs 

Murine splenic DCs purified after overnight culture were analyzed by two-color FACS 
analysis. N418+ cells were analyzed to determine the reactivity of the following antibodies with DCs: i) 
SFR8-B6 ii) 13/2, iii) RA3-6B2, iv) 14.8, v) DNL1.9, vi) MB4B4, vii) 16A and viii) MB23G2. The 
exon or isoform specificity of the mAbs are indicated in the different panels. The MLF obtained with 
each mAb are indicated in each panel. The dot plot shown indicates the results of single staining with 
N418 to confirm that the cells analyzed are DCs and indicates the FL2 gate used to selectively analyze 
N418+cells. 
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N418 which is primarily specific for DCs. Staining of purified splenic DCs with exon dependent 

antibodies demonstrated that only the B exon dependent antibodies, 16A, MB23G2, and MB4B4 are 

reactive with DCs (Figure 12). Splenic DCs did not express the RA3-6B2 epitope which is thought 

to be specific for the CD45RABC isoform present on B cells. In addition, neither the exon A specific 

mAb 14.8 nor the C exon specific mAb DNL1.9 reacted with DCs. The results obtained in 

experiments with N418 were reproduced in experiments where the DC-specific 33D1 mAb was used 

instead of the N418 antibody (not shown). Therefore, among isoforms amtaining the A B, and C 

exons, only the isoform containing the B exon is expressed on purified splenic DCs. However, the 

labeling of DCs with the pan-specific CD45 mAb was consistently higher than the labeling with the B 

exon dependent mAbs which suggested that the CD45R0 isoform which lacks all of the alternatively 

spliced exons may also be expressed on splenic DCs. 

3.2.2.2 Purified Murine Thymic DCs 

DCs from different tissues exhibit heterogeneity in both their function and in cell surface 

phenotype (89,263). In order to assess possible differences in CD45 isoform expression between 

thymic and splenic DCs, thymic DCs were purified and analyzed by two-color FACS analysis with 

N418 and the anti-CD45 mAb panel. The results indicated that thymic DCs have the same CD45 

expression pattern as purified splenic DCs (Figure 13). Thymic DCs showed expression of the B 

isoform, but no expression of the A and C exons or the B220 B cell epitope. Once again the labeling 

with B exon dependent mAbs was lower than the labeling with the pan-specific CD45 mAb, 

apparently even lower than for splenic DCs, which indicated that the CD45R0 isoform may constitute 

the remaining CD45 expressed by thymic DCs. 
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Figure 13: CD45 isoform expression by purified murine thymic DCs 
Murine thymic DCs purified after overnight culture were analyzed by one or two-color FACS 

analysis. N418+ cells were analyzed to determine the reactivity of the following antibodies with DCs: i) 
SFR8-B6 ii) 13/2, iii) RA3-6732, iv) 14.8, v) DNL1.9, vi) MB4B4, vii) 16A and viii) MB23G2. The 
exon or isoform specificities of the mAbs are indicated in the different panels. The MLF obtained with 
each mAb are indicated in each panel. The dot plot shown indicates the results of single staining with 
N418 to confirm that the cells analyzed are DCs and indicates the FL2 gate used to selectively analyze 
N418+cells. • : 
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3.2.2.3 Fresh Murine Splenic DCs 

It has been previously established that the phenotype of isolated DCs changes in some 

respects when an overnight culture step is used in the purification procedure (93,94). In order to 

determine if the CD45 isoform expression is similar for freshly isolated and cultured DC isolates, 

fresh splenic cells enriched for DCs were derived from the BSA interface following centrifugation. 

This population was subjected to FACS analysis as described for the purified DC populations. The 

majority of fresh splenic DCs exhibit clear reactivity with the B exon specific antibodies 16A, 

MB23G2, and MB4B4 (Figure 14). The reactivity of fresh splenic DCs with the B exon specific 

antibodies is again lower than for the pan-specific mAbs. This observation is similar to the results for 

cultured DCs implying that fresh DCs also express a large amount of CD45R0. The CD45RB 

expression is similar on the fresh splenic DCs (30% of total CD45 MLF) relative to cultured splenic 

(25%), whereas cultured thymic DCs have a lower expression of CD45RB (11% of total CD45). 

Notably, fresh splenic DCs express nearly three-fold more CD45 than cultured DCs. However, the 

decrease in CD45 expression is likely a non-specific down-regulation since the expression level of 

N418 also decreases approximately two-fold after overnight culture (data not shown). Furthermore, 

decreased expression of CD45 in purified DC populations has been previously described (333,334). 

These DCs are not reactive with the mAbs RA3-6B2, 14.8, or DNL1.9 which recognize the B220 

isoform, A exon, and C exon respectively. However, a small subpopulation (15%) of fresh N418+ 

cells express A, B, and C exons plus the RA3-6B2 epitope. Further analysis of these cells indicates 

that all B220+ cells are also surface Ig+, suggesting that this small percentage of N418+ cells are B 

cells, not DCs (Figure 14). Therefore, fresh splenic DCs exhibit the same phenotype of CD45 

isoform expression as purified, cultured splenic DCs. 
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Figure 14: CD45 isoform 
expression by fresh murine 
splenic DCs 

a) Freshly isolated 
murine splenocytes were 
enriched for DCs by density 
centrifugation before two color 
FACS analysis. N418+ cells were 
analyzed to determine the 
reactivity of the following 
antibodies with DCs: i) SFR8-
B6 ii) 13/2, iii) RA3-6B2, iv) 
14.8, v) DNL1.9, vi) MB4B4, 
vii) 16A, and viii) MB23G2. The 
MLF obtained with each mAb 
are indicated in each panel. The 
cells expressing high levels of the 
alternatively spliced exons were 
eliminated from analysis of 
individual mAb reactivity of the 
DC population (see dot plot of 
anti-IgM versus B220 and text 
for details). The dot plot shown 
indicates the results of single 
staining with N418 to confirm 
that the cells analyzed are DCs 
and indicates the FL2 gate used 
to selectively analyze N418+ 

cells. The staining of cells from 
the BSA interface with N418 
and anti-IgM is shown to 
demonstrate the absence of 
N418+IgM" cells. 
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3.2.3 Biochemical characterization of CD45 on purified murine splenic DCs 

3.2.3.1 Total CD45, B exon positive, and B exon negative CD45 isoforms 

To address further the identity of DC CD45 isoforms, the biochemical nature of DC CD45 

was characterized. Since overnight cultured splenic DCs can be prepared in large enough quantities 

for protein labeling and biochemical analysis, this DC population was characterized further. FACS 

analysis of purified splenic and thymic DCs suggested that the quantity of the CD45RB isoform 

detected only contributes a subset of the total CD45 expression as determined by the panspecific 

CD45 mAb 13/2. Since neither the A nor C exon specific antibodies showed any reactivity with 

cultured DCs, the expression of CD45R0, for which a specific antibody is not available in the mouse 

system, was predicted to constitute the remaining CD45 on DCs. The immunoprecipitations clearly 

showed that the majority of CD45 present on DCs was a 180 kDa form (Figure 15). A 190 kDa 

isoform was also apparent, although the abundance of the 180 kDa isoform caused a merging of the 

180 kDa signal with the 190 kDa signal. The predominant CD45 form on thymocytes was the 180 

kDa CD45R0 form (335) which comigrated with the major DC CD45 protein. Bulk splenocyte lysate 

contained the entire molecular weight range of CD45 isoforms from 180 kDa to 220 kDa. To 

corrfirm the identity of the 190 kDa protein as CD45RB and to ensure that the DC 180 kDa protein 

was not a differentially glycosylated CD45RB isoform, lysates were subjected to sequential 

immunoprecipitations. By first immunoprecipitating with B exon specific mAbs, most high molecular 

weight CD45 isoforms were effectively precleared from bulk thymus, bulk spleen, and splenic DC 

lysates. The B exon specific immunoprecipitations from DC lysates contained only the 190 kDa form. 

The subsequent precipitation of total CD45 from lysates of all three populations demonstrated that 

the 180 kDa isoform (CD45R0) was the predominant isoform remaining. Since splenic DC lysates 
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Figure 15: Immunoprecipitation of total cell surface CD45, B exon positive, and B exon 
negative CD45 isoforms from purified murine splenic DCs 

Total CD45 was immunoprecipitated from total thymocytes, total splenocytes, and 
splenic DCs purified by overnight culture that were labeled with biotin. Lysates of each 
population were immunoprecipitated with mAbs which recognize all CD45 isoforms. In addition 
to immunoprecipitating total CD45, a sequential immunoprecipitation was performed where the 
B exon reactive isoforms were immunoprecipitated first before immunoprecipitating the 
remaining CD45 molecules. 8.5 x 10s DCs and 1.0 x 106 thymocytes and splenocytes were used 
for each immunoprecipitation. 

precleared of B exon reactive CD45 molecules contained only the 180 kDa form, the absence of 

CD45RA or CD45RC molecules on splenic DCs was further confirmed. The CD45RB isoform from 

DCs comigrated with the bulk thymocyte CD45RB, which indicated that possible differential 

glycosylation in DCs was not affecting the SDS-PAGE migration of the CD45 isoforms. 

Furthermore, Western blotting of total DC CD45 with B exon specific antibodies detected only the 

190 kDa protein whereas an antisera which recognizes all CD45 isoforms detected both the 180 and 

190 kDa CD45 isoforms (Figure 16). Therefore, both the FACS analysis and cell surface labeling 

experiments demonstrate that the CD45 isoform expression on cultured murine splenic DCs is limited 

to the co-expression of CD45R0 and CD45RB. 
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3.2.3.2 Co-immunoprecipitation of CD45R0 with CD45RB 

In attempting to replicate the sequential immunoprecipitation of the DC CD45RB and 

RO isoforms, the following intriguing, but anomalous1 result was obtained (Figure 16). The B 

exon specific mAbs effectively precleared most high molecular weight CD45 isoforms from bulk 

thymus cell lysates. Although the expected 190 kDa CD45RB isoform was the major protein 

immunoprecipitated from splenic DC lysates with the B exon-specific mAbs, a 180 kDa isoform was 

also precipitated (Figure 16A). Western blot analysis with the B exon specific MB4B4 mAb 

demonstrated that the 180 kDa protein did not contain the B exon, but was recognized by an antisera 

specific for all CD45 isoforms (Figure 16B). This implied that the 180 kDa CD45R0 isoform may be 

co-precipitating with CD45RB. The 190 kDa protein was recognized by both MB4B4 and the 

antisera which once again confirmed the expression of the CD45RB isoform on splenic DCs. The co-

immunoprecipitation was not always apparent in splenic DC CD45RB immunoprecipitations 

indicating that dissociation may occur under non-optimal conditions. In addition, the 180 kDa protein 

was apparent in some CD45RB immunoprecipitations from thymocytes, which indicated that the 

observed phenomenon is not DC-specific. The subsequent precipitation of total CD45 from lysates of 

DCs and thymocytes demonstrated that the 180 kDa isoform (CD45R0) was the predominant 

isoform remaining. 

1 This result was obtained in one of four experiments with DC CD45. Similar results were also obtained in 2 of 7 

experiments performed with thymocyte CD45. 
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Figure 16: CD45R0 can be co-immunoprecipitated with CD4SRB in purified murine 
splenic DCs 
A) Lysates from cell surface biotinylated splenic DCs and bulk thymocytes were utilized for CD45 
immunoprecipitations as follows: First, CD45 isoforms containing the B exon were 
immunoprecipitated with a mixture of the exon B specific antibodies MB4B4 and MB23G2 (Bl). 
This step was repeated to ensure that all isoforms containing the B exon were depleted from the 
original lysates (B2). Total CD45 was then immunoprecipitated from the B exon depleted lysates 
using Ml/9 which recognizes all CD45 isoforms (total-B). Lysates corresponding to 3 x 105 DCs and 
2 x 106 thymocytes were used as starting material for the sequential immunoprecipitations. The 
immunoprecipitated proteins were separated by 5-10% SDS-PAGE, transferred to PVDF membrane, 
and detected with SA-HRPO and ECL. B) The B l lanes from A, were Western blotted with the 
mAb MB4B4 against the B exon (B exon) or a rabbit antisera which recognizes all isoforms (total). 
C) The Total-B lanes from A were Western blotted with either the anti-exon B specific antibody 
MB4B4 (B exon) or a rabbit antisera specific for all CD45 isoforms (total). 
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3.2.4 Tyrosine phosphatase activity of CD45 from purified murine splenic DCs 

In addition to the possible functional importance of specific isoform expression by certain cell 

types, the PTP activity of CD45 is also required for CD45 functions including TcR mediated 

signaling events (303). In addition, CD45 PTP activity can apparently be inhibited by dimerization 

(330). Since PTP activity could be important in DC CD45 function, we sought to determine if DC 

CD45 is functional as a PTP. We assessed this question by immunoprecipitating CD45 from purified 

cultured splenic DCs and assaying the CD45 PTP activity (273). DC CD45 demonstrated significant 

PTP activity (Figure 17A). Controls for non-specific immunoprecipitation of PTP activity from DCs 

and immunoprecipitations from the CD45 negative L cell line contained no PTP activity. Western 

blotting of the immunoprecipitated material used in the PTP assay clearly showed that CD45 was 

present in the DC lysate immunoprecipitate with 13/2, but absent in the control immunoprecipitations 

(Figure 17B). The inability to detect the B220 isoform by blotting showed that B cell CD45 was not 

present in significant amounts in the DC lysate. M<j>s, which comprise only 5-10% of a splenic DC 

preparation, exhibited up to 1.2 fold of CD45 activity per cell and a similar PTP activity per amount 

of CD45 present (Figure 20 and Table 4). Therefore, the majority of CD45 activity isolated from 

purified splenic DCs was due to DC CD45. This suggested that DC CD45 would be fully capable of 

mediating signaling events in DCs via its PTP activity. 
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Figure 17: Tyrosine phosphatase activity of purified murine splenic DCs 

A) Splenic DCs were purified by overnight culture and lysed. Following 
immunoprecipitation of total CD45 or immunoprecipitation with an isotype control, the PTP 
activity of the immunoprecipitates was assayed. 2 x 105 cell equivalents were used for each time 
point. B) The immunoprecipitates assayed for phosphatase activity were analyzed by 7.5% 
minigel SDS-PAGE and Western blotting to detect CD45 . 7 x 105 cell equivalents were loaded 
in each lane shown. 
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3.2.5 CD45 isoform expression on macrophages 

3.2.5.1 FACS analysis of CD45 isoforms on macrophages 

The restricted isoform expression of CD45 in DCs, including the inclusion of the 

alternatively spliced B exon, suggested that isoform expression may be directly regulated in 

DCs. The close lineage relationship of DCs and mtys and their shared expression of certain cell 

surface molecules, suggested that the isoform expression of murine macrophages should be 

examined. A common pattern of isoform expression could imply that DC CD45 isoform 

expression is merely a retention of the CD45 expression pattern from earlier stages of DC 

differentiation. However, a different pattern of isoform expression would suggest that DCs 

specifically alter the CD45 isoform expression in their terminally differentiated state. The 

isoform expression of m<j)s themselves was also of interest. Expression of the alternatively 

spliced exons would indicate the retention of factors responsible for alternative splicing of exons 

A, B, and C. Furthermore, if different isoforms are utilized in m(t>s versus DCs, one could infer 

that CD45 isoforms may have different functions in mfys and DCs as has been suggested for T 

cell CD45 isoforms. 

M(|> CD45 isoform expression was therefore examined in PECs and two m<j> cell lines, 

J774.2 and RAW 309 Cr.l by assessing the reactivity of exon dependent mAbs (as described in 

Table 2). The results of this analysis demonstrated that the expression of total CD45 is higher 

than the expression of isoforms containing the alternatively spliced exons (Figure 18). This result 

was similar to that obtained for DCs (Figure 12, Figure 13, and Figure 14), which suggested that 

m<J)s also express a large amount of CD45R0. The three macrophage populations exhibited slight 

differences in their reactivity with exon dependent mAbs. All m<j> populations were negative for 
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reactivity with the anti-exon C mAb DNL1.9. Similarly, the expression of the B220 reactive 

mAb was not detected on all m<|> populations. The RAW 309 Cr. 1 cells exhibited reactivity with 

the exon A and exon B specific mAbs whereas J774.2 cells were reactive only with the exon A 

mAb. The PEC population analyzed displayed a low overall reactivity with the exon B mAb, 

although the majority of cells (97%) were negative for expression of the B exon. The remaining 

3% of cells that were positive for expression of exon B could be a m<J> subset or another 

contaminating cell type. The expression of exon A on PECs was small, but occurred on all cells 

analyzed (the median of the cells analyzed is the same as the mean for exon A shown in (Figure 

18)). Therefore, among all three populations of cells, only exon A is expressed on all cell types. 

The RAW 309 Cr.l cell line also expresses the B exon. Since the expression of total CD45 is 

higher than the expression of isoforms containing the alternatively spliced exons, CD45R0 is 

likely the major isoform expressed on all m<j> populations. 

3.2.5.2 RT-PCR analysis of CD45 isoform expression of the J774.2 cell line 

To analyze the m§ cell populations for the expression of CD45R0, RT-PCR was utilized. 

RT-PCR identifies the presence of the CD45R0 transcript which can be determined by the size 

of the PCR product and the blotting of the PCR product with a probe specific for the 

exon3/exon7 boundary. The J774.2 cell line was chosen for this analysis since it is a 

homogeneous population and had the clearest pattern of CD45 isoform expression by FACS 

analysis (Figure 18). The FACS analysis results predicted that only the CD45R0 and CD45RA 

isoforms should be expressed on J774.2 cells. 
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Figure 18: CD45 isoform expression of murine macrophages by FACS 

PECs were thioglycollate elicited and analyzed after one day of in vitro culture. The cell 
populations were detached with versene and all cell populations were prepared for FACS analysis 
as described in Section 2.1.5. The mAbs utilized for each sample were as follows: control, SFR8-
B6; total, 13/2; B220, RA3-6B2; Exon A, 14.8; Exon B, MB23G2; Exon C, DNL1.9. The values 
shown for each panel are the MLF values following subtraction of the negative control mAb 
MLF. The log fluorescence axes each range from 1 to 10,000 fluorescence units. 

108 



J774.2 L106A6 L36B3 

Q r A B C Or A B C O r A B C 

Figure 19: CD45 isoform expression by the J774.2 murine macrophage cell line as 
determined by RT-PCR 

mRNA from J774.2 cells, L106A6 cells, and L36B3 cells was isolated, reverse 
transcribed, and subjected to PCR with primers to CD45. The PCR products were separated by 
2% agarose gel electrophoresis, blotted to Hybond-N, and probed with probes for CD45R0, 
exon A exon B, or exon C. The blots were exposed to Kodak-XAR film at -80°C for the 
following times: CD45R0 3 hours; Exon A 3 hours; Exon B, 7 hours; and Exon C, 5 hours. 

Total RNA was prepared from J774.2 cells, reverse transcribed, and subjected to PCR 

with primers to CD45 (see all of Section 2.3 for details). The PCR products were separated by 

agarose gel electrophoresis, blotted to Hybond-N, and probed with probes for CD45R0, exon A 

exon B, or exon C. The protocol was also performed with L cell transfectants of CD45RABC, 

L106A6, and CD45R0, L36B3 as positive controls. The results of this analysis clearly 

demonstrated that the CD45 isoform mRNA expression of J774.2 cells consists of CD45R0 and 

CD45RA (Figure 19). This result agrees with the CD45 isoform surface expression of J774.2 

cells by FACS analysis. 

109 



3.2.6 Tyrosine phosphatase activity of CD45 from macrophages 

The implication of CD45 PTP activity in m<j> signal transduction events, provided the 

impetus to directly assess mfy CD45 PTP activity. In addition, the characterization of m<j> CD45 

was desired as a comparison to the DC CD45 PTP activity described in Section 3.2.4. 

PECs and the RAW 309 Cr.l cells were both analyzed in relation to splenic DCs for the 

relative CD45 PTP activity. In addition to these three cell populations, L cells were used as a 

CD45 negative cell source. An anti-CD45 or control mAb was used in immunoprecipitations 

from lysates of all cell lines. For each sample, 2x10s cell equivalents were utilized for each PTP 

assessment (Figure 20A). Immunoprecipitates were also analyzed by Western blotting to detect 

all CD45 in the samples (Figure 20B). The result of the phosphatase assay clearly showed that 

both PECs and RAW 309 Cr.l cells had significant PTP activity associated with CD45. The 

amounts of CD45 present from the three cell populations primarily agreed with FACS analysis 

(Figure 12 and Figure 18). One exception was that the RAW 309 Cr.l cells showed equivalent 

CD45 expression relative to PECs by FACS whereas the Western blot showed RAW 309 Cr.l 

cells to have less CD45 than even splenic DCs. Up to two-fold variation in the CD45 expression 

of RAW 309 Cr.l and PECs in culture, was observed by FACS analysis. Densitometry of the 

Western blot revealed that the CD45 activity from PECs and RAW 309 Cr.l cells, correlated 

well with the amount of CD45 present (Table 4). The slightly higher PTP activity of RAW 309 

Cr.l CD45 may be related to the cell line's transformed status, although further experiments 

would be required to address this issue. 
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Figure 20: Tyrosine phosphatase activity of murine macrophages 
A) Thioglycollate elicited PECs were analyzed after 1 day of in vitro culture. Splenic 

DCs were purified by overnight culture and lysed. RAW 309 Cr.l cells were harvested from 
tissue culture. Following immunoprecipitation of total CD45 or immunoprecipitation with an 
isotype control, the PTP activity of the immunoprecipitates was assayed. The nmols of 
phosphate released per 2x10s cell equivalents of each cell type are shown for each time point. B) 
The immunoprecipitates assayed for phosphatase activity were analyzed by 7.5% minigel SDS-
PAGE and Western blotting to detect CD45. 7 x 10s cell equivalents were loaded in each lane 
shown. 
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Cell Type PTP activity per 2x10s 

cells (nmol/min) 

Relative CD45 

amounts (Relative 

Densitometer Units) 

PTP activity per equivalent 

amount of CD45 (nmol/min/ 

relative densitometer Units) 

PECs 0.50 1.0 0.50 

RAW309 0.46 0.63 

Cr. l 

Splenic DCs 0.44 0.74 llllli^ 
Table 4: Tyrosine phosphatase activity of macrophage and DC CD45 

The PTP activity per 2x10s cells was calculated from the data in Figure 20A. The 
relative amount of CD45 was determined by densitometry analysis of Figure 20B. 

3.2.7 Assessment of physical association of CD45 on macrophages 

The co-immunoprecipitation of CD45R0 with CD45RB in Figure 16 suggested the 

alluring prospect that CD45 could be associating in multimer complexes on DCs. Since co-

immunoprecipitation proved to be an inconsistent method for detecting CD45 multimers, we 

attempted to address the physical nature of cell surface CD45 by other methods. The inability to 

obtain large numbers of DCs and their poor labeling with [35S]-Met precluded the use of DCs 

for analysis of the physical nature of CD45 on m<|)s and DCs. Therefore, PECs were studied to 

determine if the presence of CD45 multimeric complexes could be demonstrated. 
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3.2.7.1 Sucrose Density Centrifugation 

The technique of sucrose density centrifugation provides a method to differentiate 

between the molecular mass of protein complexes (275). If the Stokes' radius of the complex is 

also known or determined, then the molecular mass of the protein complex can be calculated 

based on the migration of the complex through a sucrose gradient during ultracentrifugation. 

The characterization of MHC class II and Ii complexes is one particularly clear example of the 

utilization of sucrose density centrifugation to determine the size of a protein complex (49). This 

study demonstrated that the Ii/MHC class II complex is a 260 kDa complex which consists of 

nine subunits, three each of Ii, the MHC class II a, and MHC class II P chains. Conversely, the 

a and (3 chains assemble into simple dimers with a molecular mass of 63 kDa in the absence of 

Ii. Since the results with the MHC class Il/Ii complex were well defined, we2 sought to establish 

the technique of sucrose density centrifugation utilizing MHC class TJ as a standard. The 

behavior of CD45 in a sucrose gradient could then be assayed to determine if the migration of 

CD45 is consistent with multimeric complexes. 

3.2.7.1.1 Class H M H C 

PECs were treated with IFN-Y for 48 hours prior to a one hour labeling with [35S]-Met-

Cys. During this labeling period most of the MHC class II complexes were expected to consist 

of MHC class II a and P complexed with Ii (30,336). Following lysis of the cells in C8GHc, the 

lysate was layered over a 5-20% sucrose gradient with CgGlc and centrifuged as described 

2 The work described in sections 3.2.7.1, 3.2.7.1.1, and 3.2.7.1.2 was performed to a large degree by Ms. Pearl 

Hui with initial contributions by Ms. Shannon Awrey. Dr. Wilfred A. Jefferies and I supervised this work. 
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(Section 2.2.18). The fractions were harvested and I-Ad was immunoprecipitated from the 

fractions. The MHC class II is clearly recovered in fractions 8, 9, and 10. The values obtained 

from Figure 21 indicated that the I-Ad complex migrated to a radius of 129.7 mm after starting 

from an initial radius (measured to the meniscus of the overlaid lysate) of 72.4 mm prior to 

centrifugation. The angular velocity was calculated automatically by the centrifuge during the 

centrifugation run to be 3.85 x 103 radians/sec. The density and viscosity of the sucrose at a 

given migration distance and at 4°C was calculated from refractometry of the fractions to create 

a standard curve for the 5-20% sucrose gradient and known values for sucrose (337). The 

Stokes' radius of the apii complex, 72 A, was taken from (49) and v, the assumed partial 

specific volume of the CgGlc -protein complex, was assumed as 0.77 cm3/g (49,275). 

The values for class II MHC obtained for S2o,w and Mr were in agreement with the values 

obtained by Roche et al (49). Our S2o,w value was 12.3 S compared to 11.1 S from Roche et al. 

Our calculated Mr of the (I-A)d-Ii-detergent complex was 433 kDa, similar to the 390 kDa 

reported by Roche et al for the protein-detergent complex. By assuming that each gram of 

protein binds to 0.5 g of detergent (49,275), our value for the ctf3Ii complex was 289 kDa, 

which is in close agreement with the result of 260 kDa obtained by Roche et al. These results 

indicated that sucrose sedimentation could be utilized to assess the nature of CD45. 

115 



Calculations of sedimentation coefficient and molecular mass 

ofI-A d . 

1. ST,m=ln(r2/ri)-H02t 

St,m= sedimentation coefficient at temperature T in medium m. 

n= radius to the initial sample position. 

r2= radius to the measured migration of the sample. 

©= angular velocity during centrifugation. 

t=time of centrifugation 

2. S2o,w=St,m[r|r)m(Pp-p20-w)/ Tl20,w(Pp-PMn)] 

S 2o,m

= sedimentation coefficient at 20°C in water. 

r(=viscosity of medium 

p p =density of the particle analyzed. This value is 1/v (1.30 

g/ml) 

p20>w=density of water at 20°C (0.9988 g/ml). 

3. (Mr)(l-Vp2o,w)=67lNAS20,wRe 

v=0.77 cm3/g (the partial specific volume of a protein-

detergent complex) 

M r= molecular mass of the complex 

NA= Avagadro's number, 6.022 x 1023 molecules/mole 

Re= Stokes' radius 



Figure 21: Sucrose density centrifugation analysis of murine PEC class II MHC 
PECs were pulsed with [35S]-Met-Cys for one hour and lysed in 1.0 % C8Glc. Lysate 

from 4x106 cells was overlaid onto a 5-20% sucrose gradient containing 1.0% CgGlc. The 
gradients were centrifuged at 184,000 g for 29 hours at 4°C in a Beckman SW41Ti rotor. The 
original cell lysate was collected as the first fraction, after which 1.0 ml fractions were manually 
collected from the tube. Each fraction was immunoprecipitated with B21-2 and Rabbit anti-rat 
coated Protein-A Sepharose beads. The samples were analyzed by 5-15% SDS-PAGE and 
autoradiography. The exposure shown is a 22 day exposure to Kodak-XAR film. 
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3.2.7.1.2 CD45 

In order to study the sedimentation coefficient of cell surface CD45, it was important to 

establish that the labeled protein would reach the cell surface. Just as the MHC class II complex 

is dependent on its state of processing, CD45 could behave differently in the ER and Golgi 

apparatus than in the plasma membrane. An analysis of the transport kinetics of m<j) CD45 

demonstrated that CD45 was quickly transported from the ER and through the Golgi (Figure 

22). The Ty, for transport to an Endo H resistant form was only 15 minutes, which indicated that 

the protein was transported to the surface during the one hour of [35S] Met-Cys labeling. 

- E n d o H + E n d o H 
0 15 30 1h 2h4h 0 15 30 1h 2h 4h k D a 

Figure 22: Transport of CD45 in PECs 
PECs were pulsed for 15 minutes with [35S]-Met-Cys and chased with cold, complete 

medium for the times indicated before the cells were lysed. CD45 was immunoprecipitated from 
detergent lysates of 3 x 106 cells at each time point. The immunoprecipitated proteins were next 
incubated for 20 hours in the presence or absence of Endo H. The proteins were separated by 5-10% 
SDS-PAGE and the gel was prepared for fluorography. The gel was exposed for 24 hours to Kodak-
XARfilm. 
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CD45 was immunoprecipitated from the fractions of a 5-20% sucrose gradient following 

ultracentrifugation of PEC, CsGlc lysate. Similar results were obtained for PECs grown in the 

presence or absence of IFN-y, so only the results for untreated PECs are shown in Figure 23. 

The distribution of CD45 throughout the gradient is not as defined as for I-Ad, with CD45 

isolated from fractions 5 to 12 (fraction 12 is the bottom of the tube). Due to the wide 

distribution of CD45 in the sucrose gradient, each fraction was analyzed separately for the CD45 

sedimentation coefficient and its molecular mass. The data and results of the calculation for S2o,w 

and Mr for each fraction are shown in Table 5. 

Fraction Migration St,m (Sv) S20,„ (Sv) Mr (kDa) Mr (kDa) % of Total 

R2 (mm) protein-detergent protein CD45 

5 99.1 2.45 6.23 229 152 8.70 

6 106.8 3,04 8.29 305 203 33<8 

7 114.4 3.57 10.6 389 259 13.6 

a 122.4 4 08 13,1 482 321 12 5 

9 129.7 4.55 15.9 584 389 8.60 

10 137.3 5.0 19.0 699 465 8.1} 

ii 145 5.42 22.6 829 552 4.35 

12' 8.94 

* The sedimentation coefficient was not calculated for fraction 12 since this fraction includes 

proteins which may have sedimented to the bottom of the tube prior to the end of centrifugation. 

Table 5: Physical properties of CD45 calculated from ultracentrifugation analysis 
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Figure 23: Sucrose density centrifugation analysis of PEC CD45 

PECs were pulsed with [35S]-Met-Cys for one hour and lysed in 1.0 % C8GIc. Lysate 
from 4xl0 6 cells was overlaid onto a 5-20% sucrose gradient containing 1.0% CgGlc. The 
gradients were centrifuged at 148,000 g for 24 hours at 4°C in a Beckman SW41Ti rotor. The 
original cell lysate was collected as the first fraction, after which 1.0 ml fractions were manually 
collected from the tube. Each fraction was immunoprecipitated with Ml/9-Sepharose beads and 
the samples were analyzed by 5-10% SDS-PAGE and autoradiography. The exposure shown is 
a 43 day exposure to Kodak-XAR film. 
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The wide distribution of CD45 ih the sucrose gradient indicates the participation of 

CD45 in multiple molecular complexes, with different sedimentation coefficients and molecular 

masses. However, the identity of the participants in those complexes cannot be unambiguously 

determined. Although CD45 may be associating as a dimer or multimer in the fractions with 

higher S2o,w values, the association of CD45 with other proteins (338,339) could equally well 

explain the observed sedimentation coefficients. However, the higher Mr complexes do not 

appear to have additional proteins specifically associated with CD45 (Figure 23). This suggests 

that CD45 homomultimerization may account for the different Mr complexes detected by 

sucrose density centrifugation. These possibilities are more thoroughly discussed in Section 

3.3.4. 

> 

3.2.7.2 Cell surface cross-linking 

The desire to demonstrate a direct association of CD45 prompted us to attempt cell 

surface crosslinking of CD45 prior to cell lysis and CD45 immunoprecipitation. CD45 

crosslinking experiments have been utilized to demonstrate CD45 dimers (339) and other CD45 

protein complexes (340). These studies have produced conflicting results with the prevalent 

concern that the crosslinked proteins are not necessarily specifically associated with CD45. 

Crosslinking would be the result of the abundant nature of CD45 on the cell surface (reviewed in 

(335)). Therefore, in attempting to detect CD45 dimers on PECs, the concentration of 

crosslinker was reduced to 164 u,M in an attempt to minimize non-specific crosslinking. The 

crosslinking reagent, DTSSP, contains a disulfide bond in the center of the 12A spacer between 

the two crosslinking sNHS groups. The sNHS groups should crosslink adjacent CD45 molecules 

since a sNHS-biotin molecule efficiently labels CD45 (Figure 37). 
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To evaluate the degree of crosslinking, class I MHC was used as a positive control. The 

12 kDa p2m interacts non-covalently with the 43 kDa MHC class I heavy chain. This interaction 

normally dissociates in conditions utilized for SDS-PAGE analysis. By crosslinking cell surface 

proteins, the interaction between p2m is made covalent resulting in a 60 kDa complex of p2m 

and the class I MHC heavy chain (Figure 24). The samples in Figure 24 were all run in non-

reducing conditions to maintain intact complexes. Under reducing SDS-PAGE conditions, the 

complex is separated into the individual p2-m and heavy chain proteins (data not shown). The 

MHC class I, p2m complex represented only a portion of the total class I MHC and p2m protein 

since the concentration of crosslinker was low. When the same conditions were utilized for cell 

surface crosslinking and CD45 immunoprecipitation, a 360 kDa complex was not detected. 

Although the amount of the 180 kDa form of CD45 appeared to be decreased when the samples 

were run non-reduced to keep the complexes intact, a defined high molecular mass complex 

unique to the CD45 immunoprecipitation (Figure 24) that would be indicative of a CD45 

multimer was not detected. 
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Figure 24: Analysis of PEC CD45 following cell surface crosslinking 

Thioglycollate elicited PECs were harvested and cultured overnight (18 hours) in 150 
uCi/ml [35S]-Met-Cys. The cells were crosslinked with 100 ug/ml of DTSSP + 10 mM IAA for 
one hour on ice (see Section 2.2.6 for details). Lysates from crosslinked and untreated cells were 
immunoprecipitated with a control mAb (SFR8-B6), anti-Dd (34-5-8S), anti-CD45 (Ml/9), and 
anti-F4/80 molecule (F4/80). The samples were not reduced in order to maintain intact protein 
complexes. The samples were analyzed by 5-15% SDS-PAGE. The gels were analyzed by 
autoradiography by exposure to Kodak XAR film. An 84 hour exposure is shown. 
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3.3 Discussion 

3.3.1 CD45 isoform expression in DCs and macrophages 

Although CD45 isoform expression in lymphocytes has received extensive study, the 

isoform expression in DCs and m$s has received little attention. The emergence of isoform 

specific functions (269,316) the implication of CD45 in myeloid development (341), and the 

potential for CD45 involvement in DC/m(|) signal transduction events (127,322), have all 

suggested that CD45 may be important in non-lymphocytes. 

The predominant expression of CD45R0 on all populations of DCs, indicates that 

alteration of isoform expression is not a mechanism utilized by DCs to alter their function. For 

example, freshly isolated splenic DCs are more efficient at acquiring antigen relative to cultured 

DCs, but less efficient at stimulating T cells (94,95). Although the CD45 isoform does not 

change, the 3-fold decrease in total CD45 upon in vitro culture could alter DC function, 

although this possibility is difficult to address. 

The CD45 isoform expression of m<|)s also showed the predominant expression of 

CD45R0. The utilization of alternatively spliced exons was not as restricted as with DCs, with 

all three populations expressing the A exon, and RAW 309 Cr.l cells also utilizing the B exon. 

The common usage of exon A may indicate that exon A is preferentially utilized in m<|) CD45. 

Human monocytes also limit their expression of CD45 isoforms to CD45R0 and CD45RA 

(342). The isoform expression by RT-PCR was successfully determined in m<j) cell lines (Section 

3.2.5.2), but not in DCs. RT-PCR from DC populations has still not been reported except for human 
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LCs (127), which are at a more metabolically active stage of differentiation and can be purified to 

near 100% homogeneity due to the paucity of hematopoeitic cells in the skin. 

The differential utilization of alternatively spliced exons between m<j)s and DCs, could 

imply a functional role for the CD45RB isoform on DCs and the CD45RA isoform on m<J>s. At 

least DCs specifically retain mechanisms for the expression of CD45RB. CD45R0 is the major 

isoform expressed by DCs and is likely produced as the default CD45 splicing product (292). 

These two isoforms are similar to the isoforms expressed by the majority of thymocytes, where 

CD45 plays a key role in T cell development. If these two isoforms interact to regulate CD45 

function in a positive or negative manner, the same interactions that occur in thymocytes may 

occur in DCs. Notably, the expression of other CD45 isoforms does affect thymocyte 

development and apoptosis (343). The CD45 isoforms may be involved in distinct molecular 

complexes with LFA-1, CD4, CD8, and CD2, as proposed by Dianzani et al (314,315). A l of 

these molecules are present on DCs, so the expectation that these molecular interactions with 

CD45 occur is reasonable. The recent production of DC cell lines (344-346) will now permit the 

study of DC CD45 molecular interactions. Since different cell lines represent a picture from 

different stages of differentiation, the occurrence of molecular complexes involving CD45 will 

require a composite view of the different phases of DC differentiation. 

For the confirmation of DC CD45R0 expression, biochemical characterization of 

CD45R0 was performed. The expression of only two isoforms on DCs, simplified the 

characterization and permitted unequivocal demonstration of CD45R0 and CD45RB isoform 

expression on DCs. RT-PCR to determine the expression of the CD45R0 transcript in DCs was 

also vigorously attempted. This was not only desirable for DC CD45 characterization, but would 

have permitted the characterization of gene expression in DCs, including DC kinases which may 
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be critical in DC signal transduction. The failure of RT-PCR with DCs was likely due to the end 

stage differentiated nature of purified splenic DCs. Recent reports have described how DCs are 

primed for apoptosis, metabolically inactive as they stimulate T cells and await death (121). LCs 

are at a more immature phase of DC differentiation which likely explains the successful use of 

RT-PCR with isolated LCs. DC culture systems (72,73,134) and DC cell lines (344-346) will 

now permit the characterization of gene expression in DCs. 

3.3.2 CD45 tyrosine phosphatase activity in DCs and macrophages 

The significant PTP activity of CD45 in m<J>s and DCs does clearly support a role for 

CD45 in these cells' signal transduction pathways. The PTP activity of CD45 in mfys and splenic 

DCs appears to be comparable (Figure 20 and Table 4). These studies did not compare the PTP 

activity of mfys and DCs to lymphocyte CD45, but most studies have not found a difference in 

CD45 PTP activity between different cell types (273), although others have (312,347). The 

continued analysis of DC and m<J) CD45 could assess the effect of in vivo and in vitro 

modulation in DC and m<j) activation and viability on PTP activity. DC viability is known to 

decrease after greater than 24 hours culture without GM-CSF (265). Since GM-CSF also affects 

other DC functions (Section 1.2.3.2), the continued characterization of DC CD45 PTP activity 

should analyze DCs grown with and without GM-CSF. Similarly, m<J> activation states may 

differentially affect CD45 activity. Thus, the continued assessment of m<j> CD45 PTP activity 

should assess IFN-y activated m<t>s, resident m<|)s, elicited m<j)s, and m<|> cell lines. Such studies 

may identify if CD45 PTP activity is modulated in m<j) cells such as RAW 309 Cr. 1. 
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3.3.3 Transport of CD45 

The transport of CD45 in PECs (Figure 22) was very rapid, with a Tm of transport of 15 

minutes. The study of CD45 transport has been very limited with only a few studies addressing 

this aspect of CD45 biology (348,349). In studies which are not within the scope of this thesis, 

the transport rate exhibited by PEC CD45 was found to be similar to CD45 in thymocytes and 

splenocytes (not shown) indicating no lymphocyte specific factors which facilitate CD45 

transport. However, CD45 transport in non-hematopoeitic cells was significantly slower than the 

comparable isoform expressed in hematopoeitic cells. Transport of CD45 was particularly 

slowed if molecules with cytoplasmic domain deletions were analyzed. The non-hematopoietic 

cells also exhibited a 3 to 10 fold lower density of CD45 relative to lymphocytes (I. Haidl, W. 

Jefferies, D. Blew, A. Maita, P. Johnson unpublished data). A full analysis of the transport of 

CD45 including the effect of altered glycosylation and alterations of protein structure, could 

reveal molecular components of CD45 that control transport. By transfecting cells with a panel 

of CD45 deletion mutants, regions controlling efficient CD45 transport may be defined. A 

comparison of CD45 transport in non-hematopoietic CD45 transfectants with CD45 in 

hematopoietic cells may also reveal that specific factors in hematopoietic cells facilitate CD45 

transport. 

3.3.4 Physical status of CD45 in the membrane 

The initial observation of CD45R0 co-immunoprecipitating with CD45RB has provided 

the most convincing evidence for multimers of CD45. Unfortunately, this co-

immunoprecipitation was not easily repeatable with DCs CD45. The results described in 
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Sections 3.2.7.1.2 and 3.2.7.2 were intended to address the issue of the physical association 

among CD45 molecules in DCs and m<j)s. 

The caveats to the interpretation of the CD45 sedimentation properties are involved with 

the technical aspects of the procedure and the validity of assumptions that one makes in 

assessing the data. With class II MHC there was no observation of association of the MHC class 

II a or (3 chains or Ii with other protein components. Therefore, the sedimentation coefficient 

and Mr of the respective complexes could be assumed to be due to differences in only the a, B, 

or Ii chains in the complex. The situation for CD45 is complicated by the association of CD45 

with cytoskeletal components including fodrin (338). Since fraction 12 contains the 20% sucrose 

cushion, the CD45 in this fraction is likely associated with high density cytoskeletal components 

which travel through the gradient. These complexes are not evident for I-Ad. The absence of 

additional proteins detected with the higher Mr CD45 complexes (fractions 7 to 11, Figure 23) 

suggests that CD45 multimerization is the most likely explanation for the high Mr complexes. 

The association of individual cytoskeletal components with CD45 could be significant enough to 

alter the S2o,w and M r of CD45. Detection of these associated proteins would be dependent on 

the degree of protein labeling with[35S]-Met-Cys and the affinity of the protein for CD45. If the 

protein were to slowly dissociate during ultracentrifugation, the S2o,w would still be affected by 

the initial period of association. However, when the fractions are collected and CD45 

immunoprecipitated, the protein initially associated to CD45 would not be detected. 

A second assumption in the calculations of S20/W and Mr is that the Stokes's radius 

obtained from (350) is valid for the CD45 for each fraction isolated. To more accurately address 

the Stokes' radius of different CD45 multimers, size exclusion chromatography data would have 
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to be correlated with the sedimentation data. Thus, the CD45 complexes with a larger S2o,w will 

likely have a larger Stokes' radius which will impact on the calculation of Mr. 

The ability to demonstrate CD45 multimer complexes will remain difficult since common 

techniques to show protein association are often viewed skeptically when CD45 is analyzed 

(335). The density of CD45 on lymphocytes can give false positive results with fluorescent 

energy transfer experiments, cell surface crosslinking, and co-immunoprecipitation data. 

Consistent results with a multitude of techniques to demonstrate the presence of CD45 

multimers, may be more readily accepted if the association is demonstrated on mfys where the 

CD45 density is lower. The Ly5.1 and Ly5.2 alleles may also provide a method to better 

monitor CD45 association. If CD45 is associating as multimers, immunoprecipitation with a 

mAb to Ly5.1 should also immunoprecipitate Ly5.2 and vice versa when both alleles are 

expressed on the same cell. 

If CD45 was to assemble into dimers or multimers, the interaction may have implications 

for control of CD45 phosphatase activity. The dimerization of receptor Tyr kinases, such as the 

EGF receptor, in the induction of downstream signaling events has been well established. The 

dimerization of a recombinant molecule of the extracellular EGF domain and cytoplasmic CD45 

domain inhibited TcR signaling which indirectly suggested that CD45 PTP activity was inhibited 

(330). Thus, the establishment of the existence of CD45 dimers or multimers in physiological 

situations could also reveal that PTPs can alter their phosphatase activity by multimerization. 

These possibilities have been discussed in the literature (330,335,339), but a definitive 

demonstration of CD45 multimerization and its functional impacts remains to be demonstrated. 
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3.3.5 Function of CD45 in macrophages 

CD45 has clearly been implicated in signal transduction events in lymphocytes (335) and 

mast cells (307) and is potentially involved in signal transduction complexes involving ITAM 

motifs (238). In addition, specific functions for CD45's extracellular domain and the 

alternatively spliced regions are likely as proposed for CD45 isoforms in lymphocytes (269,314-

316). With these two potential functional roles for CD45 in mind, m<J) CD45 isoform expression and 

PTP activity were characterized. This characterization of m<J)'s restricted CD45 isoform expression, 

justifies the expectation that isoform specific functions in m<|) exist. Similarly, the demonstration of 

active CD45 PTP activity in m(f>s, suggests CD45's proposed role in m<|> signal transduction is likely. 

The precise role of the CD45 isoforms expressed by m<j>s is difficult to assess. In lymphocytes, 

where CD45 isoform expression has been far more extensively studied, the ligands or other role for 

different isoforms are also not precisely known. The predominant expression of CD45R0 on m<|)s 

(Figure 18 and Figure 19) may relate to the smaller molecular size of this isoform (Figure 10). The 

CD45R0 isoform extends nearly half as far from the membrane as the CD45RABC isoform (28nm 

versus 51 nm respectively). Therefore, CD45R0 should interfere less with interaction of other cell 

surface molecules with their extracellular ligands. M(j)s which are searching for foreign particles to 

phagocytose, opsonins to bind, or cells to interact with may function better with the smaller CD45R0 

isoform rather than isoforms with the alternatively spliced exons. 

The most likely signal transduction pathways involving CD45 in m(|)S are those which trigger 

effector functions following the engagement of CD16(FcRyIH), CD32(FCRYU), and CD64(FcRyI). 

Each of these receptor complexes involves the y chain from the FcRsRI complex which has ITAM 

motifs and is related to the TcR £ chain (351). The FcR signaling pathway has been shown to involve 

Tyr phosphorylation and Ca** fluxes, similar to the response to TcR signaling (326). Several reports 
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have now directly implicated CD45 in the induction of signaling following FcR engagement, although 

the results are not entirely congruous. Rankin et al. have shown that c»-crossliriking of CD45 with 

CD32 or CD64 inhibit Tyr phosphorylation and intracellular Ca^ increase which normally follow the 

FcR crosslinking (322) and precede the biological response such as IL-1, IL-6, or TNF-ct secretion, 

superoxide generation, and enhancement of antigen presentation (351). Corvaia et al. demonstrated 

that the co-crosslinking of CD45 with CD32 or CD64 did affect Tyr phosphorylation and Ca** flux, 

but did not affect the biological response of FcR crosslinking, R -̂6 production (352). Furthermore, 

crosslinking of CD45 alone was enough to elicit an IL-6 response from monocytes. The actual 

biological role of CD45 in FcR signaling rather than the artificial effect of CD45 crosslinking remains 

to be shown. Localization of CD45 to the FcR complexes would at least indicate that CD45 can 

spatially exist with the FcR complexes at the initiation of FcR signaling. The analysis of CD45 

negative m<|> cell lines or knockout mice for the response to FcR crosslinking, would also solidify the 

role of CD45 in yet another signaling pathway involving proteins with ITAM motifs. 

As mentioned above, CD45 has been demonstrated to initiate m<j) cytokine secretion including 

TL-6 (352) independently of FcR signal transduction events. Since CTOSslinking of CD45 was once 

again used to trigger the response, it is difficult to conclude if CD45 is directly responsible for the 

biological effect. The co-capping of molecules associated with CD45 or the cytoskeletal 

reorganization following CD45 crosslinking, may initiate events independently of the CD45 PTP 

activity. However, if the response following CD45 crosslinking is biologically relevant, CD45 ligand 

engagement would serve to trigger m(|) cytokine secretion which would in turn potentiate the entire 

IR. Galectin-3 binding to m<j>s will trigger IL-1 secretion indicating that carbohydrates of m<j> cell 

surface molecules, potentially including CD45, can serve as the physiological target for inducing IL-1 

production (198). 
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3.4 Function of CD45 in DCs 

The maintenance by DCs of only CD45R0 and CD45RB isoform expression, suggests 

that these two isoforms may be relevant to DC function. The isoforms may be positively 

involved in a DC function, or simply be the isoforms which least interfere with other DC 

functions. Since the CD45R0 is the least extended molecule from the membrane, it may interfere 

the least in MHC-TcR, and adhesion molecule interactions which occur between T cells and 

DCs (88). Positive functions of CD45 in DCs could involve CD45 participation in protein 

complexes within the membrane. Dianzani et al. have proposed that different CD45 isoforms 

will interact with CD4, CD8, LFA-1, or CD2 in the T cell membrane (314,315). Subsets of DCs 

can express all of these molecules, which could be capable of forming complexes with the DC 

CD45R0 and RB. In T cells the membrane complexes are thought to influence TcR signaling, so 

any functional effect in DCs would be mediated through other signaling complexes. The 

clustering of CD45 with, for example LFA-1, upon DC binding to ICAM-1 on an adjacent cell, 

may initiate a response within DCs which enhances D C s antigen presentation. The actual 

presence of molecular complexes involving CD45 in DCs can now be more thoroughly 

investigated with DC cell lines. Perhaps similar results to those in T cells will be observed, but 

the presence of other complexes, or no association of CD45 with other proteins would also 

provide important information about the regulation of CD45 complex formation. 

The absence of an antigen receptor complex in DCs, indicates that CD45 would exert its 

effect through other signaling complexes. The demonstration that CD45 possesses functional 

PTP activity (Section 3.2.4), indicates that DC CD45 is functionally capable of mediating signal 

transduction events in DCs. The demonstration of phosphatase activity of DC CD45 may not be 
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viewed as significant by lymphocyte researchers, but this demonstration is, to my knowledge, the 

first isolation of an enzymatically active component of signal transduction in DCs. 

As indicated in the introduction to this chapter (Section 3.1.2), the FCRERI complex was 

the most likely candidate for CD45 involvement due to the ITAM motifs in its (3 and y chains 

(353). This hypothesis has now been addressed to some degree by Bieber et al. (127). Using 

isolated, purified human LCs, crosslinking of CD45 prior to FceRI crosslinking interfered with 

calcium flux normally induced upon FceRI crosslinking. These experiments do not directly 

assess the requirement for CD45 involvement in FcRel signaling. As described in the previous 

section, crosslinking of CD45 alone is able to induce biological responses such as IL-6 secretion 

in m<j>s. Rather than the segregation of CD45 from the FcRel complex as suggested by Bieber et 

al, DCs may respond to the initial CD45 crosslinking in a manner that makes them refractory to 

subsequent FcRel signaling. The demonstration of deficient responsiveness to IgE in mast cells 

from CD45 knockout mice is a more convincing demonstration that CD45 is indeed involved in 

the FcRel signaling (307), although DCs FcReRI has not been studied in these mice. 
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4. THE F4/80 PLASMA M E M B R A N E ANTIGEN OF MURINE MACROPHAGES 

4.1 Introduction 

mAbs specific for certain cell lineages, have long provided valuable reagents for identifying 

and studying specific cell types. The F4/80 mAb has been widely used for mouse m(j) identification 

since the original description of its specificity in 1981(264). Many other mAbs produced at that time 

period have resulted in the characterization of the proteins recognized by these mAbs, the cloning of 

the cDNA for these proteins, and a detailed functional and structural analysis of the various proteins. 

The molecule recognized by the F4/80 mAb has remained enigmatic despite concerted effort by 

several labs at further characterization. Only one report (354) has superficially probed the nature of 

the glycoprotein recognized by the F4/80 mAb. The motivation to characterize the F4/80 molecule, 

was provided by curiosity about the structural characteristics of the molecule, an intense interest in 

the potential biological function of this molecule, and the prospect of characterizing a molecule 

expressed solely on m<j)s and DCs. 

4.1.1 Distribution of F4/80 reactive cells 

The F4/80 mAb is reactive with m<{>s in many anatomical locations including the red pulp of 

spleen, peritoneal cavity, lung, liver, gut, and brain (264,355-357). The MOMA-1 m§ marker appears 

to label a distinct subset of m<|)s from the F4/80 mAb (358). Therefore, the F4/80 mAb does not label 

all mature m§ subsets. All bone marrow derived m(t»s appear to be F4/80+ (359), which indicates that 

the F4/80 molecule is selectively downregulated during m<|) differentiation. LCs and many other DC 

populations also possess medium to low expression of the F4/80 molecule (94,355). The state of cell 

activation is also important in modulating the expression of the F4/80 molecule. Antigen stimulated 
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m(|)s such as m<j)s from BCG infected mice generally express low levels of the F4/80 molecule, elicited 

m(j>s express moderate F4/80 molecule levels, and resting or cultured m<j>s are highly F4/80 positive 

(264,360). Furthermore, fresh LCs express moderate levels of the F4/80 molecule, but this expression 

is lost upon antigen stimulation or in vitro culture (89,361). 

4.1.2 Prior molecular characterization of the F4/80 molecule 

The molecule recognized by the F4/80 mAb is remarkably uncharacterized in comparison 

to other cell surface molecules. The initial characterization of the F4/80 mAb described its 

recognition of a 160 kDa cell surface molecule. A report by Starkey and colleagues (354) in 

1987 confirmed the original data and characterized a limited number of characteristics for the 

F4/80 molecule. The F4/80 molecule is initially detected as a 110 kDa precursor which is 

processed to the 160 kDa mature form. The glycoprotein nature of the molecule was confirmed 

by [14C] GlcNAc labeling. In addition, a protease sensitive site in the extracellular domain was 

demonstrated. Much of the data were not shown or were reported in such a form that left many 

questions to be answered. 

4.1.3 Objectives and approach 

The investigation of the structure and function of the F4/80 molecule, was approached from 

two perspectives. The first priority was to determine the F4/80 molecule amino acid sequence by 

cloning the cDNA for the F4/80 molecule. The cDNA cloning was first attempted by COS cell 

expression cloning (362), but was not successful for a number of potential reasons. Therefore, the 

strategy was altered to pursue protein purification from which amino acid sequence could be 

obtained. By constructing degenerate oligonucleotides corresponding to the amino acid sequence, a 

cDNA library could be screened for clones encoding the cDNA for the F4/80 molecule. The 
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possession of the cDNA sequence would likely provide clues of the molecule's function from 

homology to other proteins. In the event of no homology to other known proteins, the cDNA 

sequence would permit selective expression of the protein in F4/80' cells for assaying of function, the 

mutation of specific regions on the molecule, and the construction of recombinant molecules to probe 

the molecule for functional domains. 

As a complimentary approach to the pursuit of a cDNA clone, characterization of the F4/80 

molecule's post-translational modifications was pursued. Post-translational modification can provide 

structural roles relevant in protein transport, protein folding, and protein stability (153,164,166,363) 

Furthermore, post-translational modifications can impart specific functions to the protein. For 

example, molecular recognition events have been recently described which involve carbohydrates or 

GAGs. These post-translational modifications serve as ligands for other receptor molecules including 

CD22, sialoadhesin, CD44, and the selectin and galectin family of molecules (see Section 1.3). To 

probe the nature of the F4/80 molecule's post-translational modifications, a combination of various 

protein labeling methods, endoglycosidase and exoglycosidase analysis, lectin binding, and standard 

protein techniques were utilized to analyze the F4/80 molecule. 
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4.2 Results 

4.2.1 Expression of the F4/80 molecule 

4.2.1.1 PECs 

Prior to embarking into the molecular characterization of the F4/80 molecule, the 

specificity of the mAb was assessed by characterizing m<J>s and m<|) cell lines for their F4/80 

reactivity. Although resident m<|)s possessed higher levels of the F4/80 molecule (264) than 

elicited m(|>s, only 106 resident mfys can be obtained per mouse compared with 2 x 107 PECs per 

mouse. Therefore, the expression of the F4/80 molecule on thioglycollate elicited m<J>s in culture 

was monitored to determine if the F4/80 reactivity increased. FACS analysis of PECs with m<|) 

and other cell surface proteins indicated that the F4/80 molecule expression was upregulated 

upon in vitro culture (Figure 25). Day zero PECs, prior to adherence, comprise a mixed 

population of cells with approximately 70% m$s. The F4/80+ m<J)s displayed a MLF of only 7.0 

units. After 24 hours of in vitro culture, the F4/80 molecule expression reached 32.9 MLF units. 

This level of F4/80 molecule expression was maintained over 48 hours, but declined again on 

day three of culture (not shown) to reach a MLF of 5.6 by day 4 of culture. Other cell surface 

proteins including FcRyll, CD l ib , and ICAM-1 underwent a similar decrease in expression by 

day 4 of culture, although the most drastic decrease among these molecules was 2.3 fold 

compared to the 5.9 fold decrease in F4/80 molecule expression from day 1 to day 4. In 

subsequent studies of the F4/80 molecule on PECs, the cells were labeled or harvested on day 1 

or 2 of in vitro culture to maximize the molecule's expression. 
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Figure 25: Expression of the F4/80 molecule on PECs 
PECs were harvested by peritoneal lavage and plated in tissue culture treated dishes or 

analyzed immediately for Day 0 samples. FACS staining was performed as described in Section 
2.1.5 with the mAbs as indicated: control (SFR8-B6), F4/80 (F4/80 molecule), Ml/70 (CDlib), 
2.4G2 (FcRyll), and YN1/1 (ICAM-1). Samples were fixed in paraformaldehyde and analyzed 
with the same fluorescence settings for all samples on a FACScan (Becton Dickinson). Live cells 
were selected by gating with FSC and SSC. The values shown for each mAb are the MLF values 
after subtraction of the control mAb MLF. The log fluorescence axes each range from 1 to 
10,000 fluorescence units. 
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4.2.1.2 Dendritic cells 

The expression of the F4/80 molecule on DCs was of central interest in pursuing its 

characterization. The expression of the F4/80 molecule on purified splenic DCs was assessed 

relative to other DC cell surface molecules. This comparison revealed that F4/80 molecule 

expression was significantly less than some DC molecules such as ICAM-1, MHC class II, and 

CD1 lc (Figure 26). However, the F4/80 molecule was expressed at levels comparable to the 

molecule recognized by the DC-specific 33D1 mAb. The level of F4/80 molecule expression 

was still clearly above background, due to DC analysis 16 hours after isolation to minimize the 

reduction in expression which follows DC isolation (94,95). 

4.2.1.3 Macrophage Cell Lines 

The expression of the F4/80 molecule on m<|) cell lines was also of interest since a cell 

line would provide a more convenient cell source for studying the protein and would be useful in 

the large scale purification of the molecule for amino acid sequencing. FACS analysis of a few of 

the m(|) cell lines tested indicated that the F4/80 molecule was variably expressed on m§ cell lines 

(Figure 27). The J774A.1 cell line had no reactivity with the F4/80 mAb whereas the J774.2 cell 

line showed an F4/80 reactivity level of 20.4 MLF units. These two cell lines were derived from 

the same J774 sarcoma (364), indicating clonal variation in the F4/80 molecule expression. The 

P388Di-m<j) cell line also had detectable expression of the F4/80 molecule. Much of the initial 

characterization of the F4/80 molecule utilized the J774.2 cell line, but the F4/80 molecule 

expression was found to vary after prolonged culture or in large scale spinner culture conditions. 
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Figure 26: Dendritic cell F4/80 molecule expression 
Murine splenic DCs were harvested from BALB/c mice as described in Section 2.1.3. The cells 
were prepared for FACS analysis by double labeling the cells with the hamster mAb N418 and 
the following mAbs against the molecules indicated in each panel: i) SFR8-B6, ii) YN1/1, iii) 
MK-D6, iv) PC61, v) GK1.5, vi) 53-6.72, vii) N418, viii) 33D1, and ix) F4/80. The N418 
reactivity was detected with a goat-anti-hamster PE reagent. The other mAb reactivities were 
detected with a highly specific Donkey anti-rat IgG FITC reagent with the exception of MK-D6 
for which a specific goat-anti-mouse IgG2a FITC reagent was used. The cells were gated for 
N418 positive cells as indicated in the dot plot shown, and the fluorescence histograms for the 
other mAbs are displayed. The log fluorescence axes range from 1 to 10,000 fluorescence units. 
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For this reason, other cell lines including RAW 309 Cr.l were tested for F4/80 reactivity. 

Expression of the F4/80 molecule was clearly greater on RAW 309 Cr. 1 cells relative to other 

cell lines and was similar to PECs. Although the RAW 309 staining shown is from a separate 

experiment relative to the other 3 cell lines, the MLF are consistent with values observed when 

staining was performed on the same day. The results by FACS staining were confirmed by 

biosynthetic labeling and immunoprecipitation of the F4/80 molecule (Figure 44). 

4.2.1.4 Modulation of F4/80 molecule expression by B C G infection 

One trait of the F4/80 mAb is its decreased reactivity with activated m<J>s, including m<(>s 

from BCG infected mice (360). To confirm the specificity of the mAb and the reported result, 

FACS staining of resident, purified protein derivative (PPD) elicited, and BCG infected m<J>s was 

performed3 (Figure 28). These results were performed with different secondary antibodies 

relative to Figure 25 and Figure 27 so the MLF values are not directly comparable. However, a 

70% decrease in F4/80 expression in PPD elicited m<|)s relative to RPMs (Figure 28) was clearly 

evident. BCG activated mcj)s expressed only 38% as much F4/80 molecule relative to RPMs. The 

level of expression of FcRyll and CD1 lb on the three m<j) populations were not as significantly 

affected as the F4/80 molecule. The expression of I-Ad by the BCG activated mtj>s indicated that 

the m<j)s were activated. 

3 This work was performed in collaboration with Dr. Rick Stokes and Dr. David Speert in the Dept. of 

Pediatrics, UBC, Vancouver, Canada. 
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Figure 27: Expression of the F4/80 molecule on murine macrophage cell lines 
The cell lines J774A.1, J774.2, P388Drm<|), and RAW 309 Cr.l (see), were analyzed by 

FACS analysis with the mAbs as indicated: control, (SFR8-B6), F4/80 (F4/80 molecule), Ml/70 
(CDllb), 2.4G2 (FcRyll), and YN1/1 (ICAM-1). Samples were fixed in paraformaldehyde and 
analyzed with the same fluorescence settings for all samples on a FACScan (Becton Dickinson). 
The RAW 309 Cr.l cell line was analyzed in a separate experiment, but with the same reagents 
and fluorescent settings. Live cells were selected by gating with FSC and SSC. The values shown 
for each mAb are the MLF values after subtraction of the control mAb MLF. The log 
fluorescence axes each range from 1 to 10,000 fluorescence units. 
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Figure 28: Expression of the F4/80 molecule on PECs following B C G infection 

Resident, PPD elicited, or m(J)s from BCG infected mice were prepared and harvested as 
described in section 2.1.4. The cells were analyzed by FACS analysis with the mAbs as indicated: 
control, (SFR8-B6), F4/80 (F4/80 molecule), Ml/70 (CDllb), 2.4G2 (FcRylT), and YN1/1 
(ICAM-1). Samples were fixed in paraformaldehyde and analyzed with the same fluorescence 
settings for all samples on a FACScan (Becton Dickinson). Live cells were selected by gating 
with FSC and SSC. The values shown for each mAb are the MLF values after subtraction of the 
control mAb MLF. The log fluorescence axes each range from 1 to 10,000 fluorescence units. 
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4.2.2 Molecular characterization of the F4/80 molecule 

With clear sources of the F4/80 molecule identified, the molecule was characterized at a 

molecular level. The characterization of the F4/80 molecule's biochemical nature including its 

transport and post-translational modifications is presented in Section 4.2.2 . The purification of 

the F4/80 molecule and attempted peptide sequencing are presented in Section 4.2.3. 

4.2.2.1 Cell surface F4/80 molecule 

Our initial analysis of the F4/80 molecule by cell surface labeling and immunoprecipitations 

agreed with previous studies showing an Mr of 160 kDa under reducing conditions in SDS-PAGE 

(264). However, in contrast to previous reports (264), under non-reducing conditions cell-surface 

F4/80 molecule had an apparent Mr of 130 kDa which indicated the presence of extensive 

intramolecular disulfide bonding (Figure 29). This relatively simple and clear observation, at odds 

with other published data, spurred the re-investigation of certain aspects of the original F4/80 

molecule characterization (264,354). 

R 
IAA + -

§• 
Figure 29: SDS-PAGE analysis of cell surface F4/80 molecule 

PECs were cell surface biotinylated and lysed in NP-40 in the presence or absence of 5 mM 
IAA. The F4/80 molecule was immunoprecipitated using 2 x 106 cells per lane and prepared for 
electrophoresis with or without 30 mM DTT followed by 80 mM IAA final concentration. The 
samples were subsequently separated by 5-15 % SDS-PAGE and blotted to a PVDF membrane. 
Biotinylated proteins were detected with SA-HRPO and ECL detection. 
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4.2.2.2 Transport kinetics of the F4/80 molecule 

4.2.2.2.1 Endo H analysis 

The intracellular transport kinetics of the F4/80 molecule (Figure 30) confirmed the synthesis 

of a 110 kDa immature form (354), demonstrated a TVl of 60 minutes, and in addition provided 

several new insights. It is known that N-linked carbohydrates initially undergo trimming of the initial 

glucose residues and certain core Man residues in the ER which results in a slight decrease in Mr over 

time before the addition of further carbohydrates (153). This process was evident for the F4/80 

molecule precursor (Figure 30, minus Endo H). Treatment of the immunoprecipitated F4/80 

molecule with Endo H removes the immature N-linked carbohydrates. Following Endo H treatment, 

the precursor F4/80 molecule increased in molecular mass during transport in contrast to the 

observation without Endo H treatment. This result gave the first clue that modifications in addition to 

N-linked carbohydrate processing were occurring. Endo H digestion reduced the precursor form of 

the F4/80 molecule to an apparent molecular mass of 85-90 kDa, which indicated that up to half of 

the mature F4/80 molecule 160 kDa molecular mass consisted of post-translational modifications. 

4.2.2.2.2 Effect of Tunicamycin 

The large degree of glycosylation added from the immature to the mature form of the 

F4/80 molecule, indicated that N-linked glycosylation plays an important role in the F4/80 

molecule's overall nature. The long T1/2 of 60 minutes for transport, also suggested that the 

F4/80 molecule folding occurs slowly, possibly due to the extensive disulfide bonding. Since 

misfolded proteins are often retained in the ER (363,365), the inhibition of N-linked 

glycosylation can affect protein transport (153). Tunicamycin inhibits the transfer of the core 

glycan from the dolichol phosphate donor to the peptide backbone, thus resulting in protein 
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Figure 30: Transport of the F4/80 molecule 
PECs were pulsed for 15 minutes with [35S]-Met-Cys and chased with cold medium for the 

times indicated before the cells were lysed. The F4/80 molecule was immunoprecipitated from 
detergent lysates of 3 x 106 cells at each time point. The immunoprecipitated proteins were next 
incubated for 20 hours in the presence or absence of Endo H. The proteins were separated by 5-15% 
SDS-PAGE and the gel was prepared for fluorography. The film was exposed to Kodak-XAR film 
for 8 days. 

backbones without N-linked glycans (366). The transport of the F4/80 molecule was completely 

inhibited in cells treated with tunicamycin (Figure 31). This supported the supposition that the 

N-linked carbohydrates are important for the correct folding and subsequent transport of the 

F4/80 molecule. The F4/80 molecule can still be immunoprecipitated from tunicamycin treated 

cells, although in much lower quantities than in untreated cells. The apparent molecular mass of 

85-90 kDa for the F4/80 molecule from tunicamycin treated cells, parallels the apparent mass 

following Endo H digestion of the precursor (Figure 30). Therefore, the protein core of the 

F4/80 molecule is likely 85-90 kDa in molecular mass. 
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Figure 31: Effect of tumicamycin on the transport of the F4/80 molecule 
PECs were pretreated with or without 7 pg/ml tunicamycin in complete tissue culture 

medium for 1 hour. The medium was then removed and medium minus Met and Cys was added to 
the cells with or without tunicamycin for 1 hour. PECs were next pulsed for 15 minutes with [35S]-
Met-Cys with or without tunicamycin and chased with complete medium with or without tunicamycin 
for the times indicated before the cells were lysed. The F4/80 molecule was immunoprecipitated from 
detergent lysates of 2 x 106 cells at each time point. A control mAb (SFR8-B6) was also used to 
indicate non-specific protein immunoprecipitation. The proteins were separated by 5-10% SDS-
PAGE and the gel was prepared for fluorography. The film was exposed to Kodak-XAR film for 14 
days. 
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4.2.2.3 N-linked carbohydrate analysis 

To further analyze the N-linked carbohydrates of the mature F4/80 molecule, the F4/80 

molecule was immunoprecipitated from cell surface labeled cells and digested with PNGase F. 

PNGase F removes almost all forms of N-linked carbohydrates by cleaving the linkage between the 

asparagine residue and the first GlcNAc (367). PNGase F digestion decreased the apparent molecular 

mass of the F4/80 molecule by 40 kDa-50 kDa to 120 kDa under reducing SDS-PAGE conditions 

and 80-90 kDa in non-reducing conditions (Figure 32). Therefore, the N-linked carbohydrates of the 

F4/80 molecule constitute a significant component of the mature molecule, but do not entirely account 

for the difference in the observed mature molecular mass of 160 kDa and the protein core apparent 

molecular mass of 85-90 kDa. 

R NR 
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Figure 32: PNGase F digestion of the F4/80 molecule 
PECs were cell surface biotinylated, lysed, and immunoprecipitated with the F4/80 mAb. The 

immunoprecipitates were treated with or without PNGase F for 12 hours at 37° C. The proteins were 
separated by 5-15% SDS-PAGE, blotted to a PVDF membrane, and detected with SA-HRPO and 
ECL detection. Lysate from 1 x 106 cells was used for each lane. 

152 



4.2.2.4 O-linked carbohydrate analysis 

To examine the possibility that O-linked carbohydrate addition is one of the modifications, 

immunoprecipitated F4/80 molecule was analyzed with O-glycosidase. The presence of SA on the 

F4/80 molecule was also evaluated since O-glycosidase requires the prior removal of SAs from O-

linked side chains for cleavage of the O-linked carbohydrates (368). Removal of SAs with 

neuraminidase treatment of the F4/80 molecule resulted in a decrease of 10-15 kDa. Treatment with 

O-glycosidase caused a further 5-10 kDa decrease in the molecular mass of the F4/80 molecule 

(Figure 33). Similar results were obtained for the F4/80 molecule immunoprecipitated from the RAW 

309 Cr.l m(j) cell line and from PECs (data not shown). These data indicate that O-linked 

carbohydrates constitute a portion of the post-translational modifications of the F4/80 molecule. 

Neuram + + 
O-g lycos - - + k D a 

- 9 7 . 4 

Figure 33: O-glycosidase and neuraminidase digestion of the F4/80 molecule 
RAW 309 Cr.l cells were labeled with [35S] Met-Cys for 18 hours and lysed. The F4/80 

molecule was immunoprecipitated from 1 xlO6 cells per lane and incubated with or without Vibrio 
cholera neuraminidase (Neuram) for 2 hours at 37°C followed by incubation with or without 0-
glycosidase (O-glycos) for 12 hours at 37°C. The proteins were separated by 5-10 % SDS-PAGE. 
The gel was prepared for fluorography and exposed to Kodak XAR film for 40 hours. 
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4.2.2.5 Sialic acids of the F4/80 molecule 

4.2.2.5.1 Nature of the SA modification 

Since oc2,6 and a2,3 linkages of SA to oligosaccharides have been implicated in specific 

binding phenomena involving CD22 and sialoadhesin, respectively (171,172), the nature of the SA 

linkages of the F4/80 molecule were investigated. In order to delineate the nature of the SA linkages 

of the F4/80 molecule, immunoprecipitated F4/80 molecule was digested with Vibrio cholera or 

NDV neuraminidase and analyzed by Western blotting with biotinylated RCA lectin to 
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Figure 34: Determination of the nature of the sialic acid modifications on the F4/80 
molecule 

A) PECs were labeled with [35S] Met-Cys for 18 hours and lysed. The F4/80 molecule was 
immunoprecipitated from 8 x 105 cells per lane and incubated with or without Vibrio cholera or 
NDV neurarninidases for 2 hours at 37°C. The proteins were separated by 7.5 % SDS-PAGE, blotted 
to a PVDF membrane, and exposed to film for 22 hours. B) To detect terminal Gal residues the 
PVDF membrane from A) was blotted with biotinylated RCA Following incubation with SA-HRPO, 
the RCA binding was detected by incubation with SA-HRPO and ECL 
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detect the presence of terminal Gal residues. Vibrio cholera neuraminidase exhibits a broad specificity 

for ct2-3, oc2-6, and cc2-8 linked SAs whereas NDV neuraminidase will cleave only a2-3 and a2,8 

linked SAs (369). The Vibrio cholera neuraminidase was able to remove SAs from the F4/80 

molecule as indicated by the decreased apparent molecular mass and the exposure of RCA binding 

sites. The NDV neuraminidase caused neither a decrease in the apparent mass or exposure of terminal 

Gal residues. This indicates that the SAs of the F4/80 molecule are not linked ct2-3 or a2-8 to Gal. 

Therefore, the majority of SAs on the F4/80 molecule are likely o2-6 linked to Gal. 

4.2.2.6 Lectin binding profile of the F4/80 molecule 

4.2.2.6.1 Binding of lectins to immobilized F4/80 

To obtain an indication of the specific nature of the carbohydrate structures on the F4/80 

molecule, a panel of biotinylated lectins was utilized to Western blot immunoprecipitated F4/80 

molecule (Figure 35). The two lectins which exhibited the strongest reactivities to the F4/80 

molecule are the PHA-E lectin (lane 1) and the DS lectin (lane 10). PHA-E reactivity is determined 

by specificity for the sequence Gaipi-4GlcNAcPl-2Mancd-6Man. The DS lectin recognizes pi-4 

linked GlcNAc oligomers or N-acetyllactosamine units (370,371). Minor reactivity of the F4/80 

molecule with the Pisum sativum lectin (lane 4) and the Lens culinaris lectin (lane 5) indicated the 

presence of a-linked Man residues, likely retained from the core N-linked oligosaccharide. PHA-L 

reactivity with the F4/80 molecule was weakly detectable (lane 2). No other lectin exhibited reactivity 

with the F4/80 molecule, which indicated the absence of detectable amounts of cdinked GlcNAc (lane 

3), GalNAc (lanes 6 and 7), terminal Gal (lane 8), and Fuc (lane 9). Previous studies have 
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Figure 35: Lectin binding profile of the F4/80 molecule 
The F4/80 molecule was immunoprecipitated from 6 x 105 PECs per lane, separated by 7.5 % 

SDS-PAGE, and blotted to a PVDF membrane. A panel of biotinylated lectins was used to blot the 
immobilized F4/80 molecule, followed by SA-HRPO and ECL. The lectins shown in the respective 
lanes are: 1) PHA-E, 2) PHA-L, 3) Bandeirea simplificifolia lectin I, 4) Pisum sativum, 5) Lens 
culinaris, 6) Dolichus biflorus agglutinin 7) Vicia villosa lectin 8) RCA 9) Ulex europaeus agglutinin 
110) DS lectin. 

demonstrated that DS lectin reactivity in 90% of cases is associated with branched complex type N -

linked carbohydrates (372). Longer exposures also detected the interaction of DS with the 110 kDa 

F4/80 molecule precursor (not shown). Therefore, the minimal recognition structure for DS binding 

is formed in the medial-Golgi before the further addition of glycans. 

4.2.2.6.2 Behavior of the F4/80 molecule in Datura stramonium affinity chromatography 

The binding of the F4/80 molecule to the DS lectin was further investigated by DS lectin 

chromatography. The affinity of binding of a molecule to the DS lectin is greater with a larger number 

of repeating pi-4 GlcNAc units and even higher if branched glycans with pi-4 linked GlcNAc are 

present (370). If branched glycan structures were present on the F4/80 molecule, elution of the 

molecule with 3'-3'-3'-3'-N-tetraacetylchititetrose would not be possible. Therefore, further details 
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of the structural nature of the F4/80 molecule's N-linked carbohydrates would be obtained. In all 

experiments attempted, the F4/80 molecule could not be competitively eluted from the DS lectin 

column. A representative experiment is displayed in Figure 36. The 3'-3'-3'-3'-N-

tetraacetylchititetrose at 20 mM was unable to elute the F4/80 molecule bound to the DS lectin. 

Following the elution with 3'-3'-3'-3'-N-tetraacetylchititetrose, the DS-Sepharose beads were eluted 

with pH 11.5 elution buffer to demonstrate that the F4/80 molecule had remained bound. This 

information further supported the presence of multi-antennary N-linked carbohydrates in the F4/80 

molecule since multi-antennary N-linked ligands of the DS lectin exhibit 100-1000 fold greater affinity 

for the DS lectin than for linear GlcNAc oligomers (370). The decrease in F4/80 molecule recovery 

from the mAb alone versus the mAb plus DS Sepharose column, likely represented losses during 

washes, since prior experiments did not detect the F4/80 molecule in the non-binding fraction 

following DS lectin chromatography. The apparent decrease in recovery in the pH 11.5 elutions 

possibly represented additional loss during washing steps and inefficient elution since only one round 

of the pH 11.5 elution was performed in this experiment. Often two rounds of pH 11.5 elution were 

necessary for the small volumes used prior to gel electrophoresis (see Figure 45 for an indication of 

the efficiency of one versus two pH 11.5 elutions). 
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Figure 36: Datura stramonium chromatography of the F4/80 molecule 

The F4/80 molecule was immunoprecipitated from RAW 309 Cr. 1 cell lysate following 
18 hour labeling with [35S]-Met-Cys. 5x105 cell equivalents were used for each lane. The 
samples were immunoprecipitated with F4/80-Sepharose and eluted with 30 pi of 0.5% CgGlc, 
50 mM D E A pH 11.5. For subsequent binding of the eluate to DS-Sepharose, the eluates were 
neutralized and NP-40 lysis buffer was added to 150 pi. Following binding for 2 hours at 4°C, 
the DS-Sepharose samples were washed as described in Section 2.2.7. The DS-Sepharose beads 
were eluted with two separate additions of 15 pi of 3'-3'-3'-3'-N-tetraacetylchititetrose at the 
indicated concentration. Following the carbohydrate elution, the beads were washed once with one 
ml of 10 mM Tris pH 7.5 and eluted once with 15 pi pH 11.5 buffer. The eluates at all steps were 
prepared for electrophoresis and proteins separated on a 5-10 % gradient SDS-PAGE gel. The gel 
was prepared for fluorography and exposed to Kodak XAR film for 5 days. 
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4.2.2.7 Labeling of the F4/80 molecule bv J 5S SOa 

4.2.2.7.1 Detection of 35S S04 incorporation into the F4/80 molecule 

In addition to N - and O-linked carbohydrate modification of proteins, sulfate can be 

incorporated into glycoprotein components including via Tyr, O-linked and N-linked carbohydrates, 

and GAG addition (173,208,209,214). Labeling of both the RAW cell line (Figure 37) , and PECs 

(data not shown) with 3 5S Na2S04 followed by immunoprecipitation with F4/80, clearly demonstrated 

that the F4/80 molecule incorporated radioactive sulfate. CD45 was not labeled indicating that the 

labeling with [35S] Na 2S0 4 is not occurring via 3 5S incorporation into Met or Cys. It was noticeable 

that the apparent molecular mass of the[35S] S0 4 labeled F4/80 was higher than previously noted for 

the[35S] Met labeled F4/80 molecule. However, cell surface biotinylation of the cells following 

radioactive labeling, indicated that the alteration affects all F4/80 molecules, possibly due to 

modifications in subsequent processing during transport in the sulfate minus medium. 

4.2.2.7.2 Pulse chase of the F4/80 molecule with 3 5S S0 4 labeling 

The sulfation of protein moieties typically occurs in the medial to trans-Golgi apparatus 

where sulfatases are located (154,214). In order to assess if the F4/80 molecule's sulfation 

occurred past the cis-Golgi, a pulse chase was performed with 3 5S SO4 in comparison to [35S]-

Met-Cys. The [35S]-Met-Cys pulse chase labeling demonstrated the kinetics of F4/80 molecule 

transport with a T m of one hour. The labeling with 3 5 S 0 4 at time zero already showed labeling 

of the mature M r form of the F4/80 molecule (Figure 38). The sulfation was, therefore, not 

occurring prior to the late medial-Golgi or trans-Golgi, where the F4/80 molecule undergoes 

conversion to the 160 kDa, Endo H R form from the 110 kDa, Endo H s precursor (Figure 30). 
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Figure 37: Labeling of the F4/80 molecule with * S S0 4 

PvAW 309 Cr.l cells were labeled were labeled withNa3 5S04 or [35S] Met-Cys for 18 hours, 
cell surface biotinylated, and lysed. The F4/80 molecule or CD45 were immunoprecipitated from 1.5 
x 106 cells per lane. Panel A shows the results of autoradiography following separation of the proteins 
by 7.5 % SDS-PAGE, blotting to a PVDF membrane, and exposure to x-ray film for 6 hours. Panel 
B) represents the detection cell surface labeled CD45 or F4/80 molecules after the PVDF membrane 
was blotted with SA-HRPO and developed with ECL. 
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Figure 38: Pulse chase of the F4/80 molecule with J S S S0 4 

PECs were pulsed for 15 minutes with [35S]-Met-Cys or 3 5S Na 2S0 4 and chased with non­
radioactive complete medium for the times indicated before the cells were lysed. The F4/80 molecule 
was immunoprecipitated from detergent lysates of 3 x 106 cells at each time point. The proteins were 
separated by 5-15% SDS-PAGE and the gels were prepared for fluorography. The gels were 
exposed to Kodak-XAR film for 6 days. 

4.2.2.7.3 Effect of PNGase F on the 3 5 S S0 4 in the F4/80 molecule 

As mentioned above, S0 4 can be added to several moieties of proteins. Since the F4/80 

molecule is so highly glycosylated, it was possible that the S0 4 modification is located on the N -

linked carbohydrates. To address this possibility, 3 5 S 0 4 labeled F4/80 was digested with PNGase 

F. The result of the PNGase F digestion showed the clear decrease in apparent molecular mass 

of the F4/80 molecule, but revealed no loss of the 3 5 S 0 4 label (Figure 39). Therefore, the 3 5 S 0 4 

modification of the F4/80 molecule is not located in the N-linked carbohydrates. 
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Figure 39: PNGase F digestion of 3 5 S S0 4 labeled F4/80 molecule 
RAW 309 Cr.l cells were labeled for 18 hours with 35S04 and subsequently cell surface 

labeled with biotin before lysis in NP-40 lysis buffer. 5x10s cell equivalents were utilized for 
each immunoprecipitation with the control mAb (SFR8-B6), anti-CD45 (Ml/9), or anti-F4/80 
molecule (F4/80). The proteins were separated on a 7.5% SDS-PAGE, blotted to PVDF 
membrane, and exposed to Kodak-XAR film for 18 hours to detect 35SC>4 labeled proteins. 
Blotting of the membrane with SA-HRPO followed by ECL detection was utilized to localize 
the biotinylated proteins. 
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4.2.2.7.4 Effect of glycosaminoglycan lyases on J 5 S S0 4 in the F4/80 molecule 

To determine if the 3 5 S S0 4 modification of the F4/80 molecule was via GAG addition, 

specific hydrolases were tested for their abilities to remove the 3 5S SO4 modification of the F4/80 

molecule. Chondroitinase ABC lyase cleaved greater than 93% of the 3 5S S0 4 from the F4/80 

molecule whereas heparitinase has no effect (Figure 40). Therefore, the GAG modification of the 

F4/80 molecule involves CS. The number of GAG modifications is likely rninimal since the apparent 

molecular mass of the F4/80 molecule did not significantly change following the Chondroitinase ABC 

lyase treatment. 
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Figure 40: Digestion of the F4/80 molecule with glycosaminoglycan lyases 
PECs were pulsed for 18 hours with Na 3 5S0 4 or [35S] Met-Cys. The F4/80 molecule was 

immunoprecipitated from 7 x 105 PECs per lane and treated with Chondroitinase ABC or 
Heparitinase m. Following digestion the proteins were separated by 5-10 % SDS-PAGE, transferred 
to a PVDF membrane, and autoradiographed for 20 hours. 
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4.2.2.8 Isoelectric focusing analysis 

Given the acidic nature of the SA and CS post-translational modifications of the F4/80 

molecule, it was assumed that the molecule would have an overall negative charge. However, IEF 

analysis of immunoprecipitated F4/80 molecule revealed that the entire molecule has a pi of 7.5 to 8.0 

(Figure 41). Thus, it appears that the F4/80 molecule is composed of a basic inner protein core 

surrounded by a covering of highly negatively charged SAs and GAGs. 

basic acidic 
kDa 

- 97.4 

Figure 41: 2-D gel analysis of the F4/80 molecule with IEF and SDS-PAGE 

PECs were labeled for 18 hours with [35S] Met-Cys and lysed in NP-40 lysis buffer. The 
F4/80 molecule was immunoprecipitated from 2.5 x 105 cells and separated by IEF as described 
(271). The second dimension for separation was 5-10 % SDS-PAGE. The gels were prepared for 
fluorography and exposed to x-ray film for 14 days. 

4.2.2.9 Anion exchange chromatography of the F4/80 molecule 

The basic nature of the F4/80 molecule contrasts with the acidic nature of the CS and 

sialic acid modification. Since the IEF analysis analyzes the denatured molecule, the possibility 

that the native molecule's physical charge would be governed by the external negatively charged 

modifications was considered. PECs were labeled with [35S]-Met-Cys and lysed in lysis buffer, 
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but with zero NaCI and at pH 9.0. This lysate was then loaded onto a Mono Q column, a 

quaternary amine anion exchange resin. The elution profile and distribution of the F4/80 

molecule are displayed in Figure 42. The majority of the lysate clearly bound to the MonoQ 

column. The majority of the proteins (52%) eluted between 0.2 and 0.3 M NaCI which were 

fractions 13 to 19. The F4/80 molecule did not begin to elute until fraction 18 and continued 

until fraction 26. The most significant fraction of the F4/80 molecule did not elute until 1.0 M 

NaCI in fractions 52 to 58. The discrepancy in the two regions of F4/80 molecule elution may be 

due to heterogeneity in the molecule's post-translational modifications. Even amongst CS 

chains, the number of SO4 residues can vary between an average of 0.2 and 2.3 SO4 residues per 

disaccharide unit. This difference would drastically change the charge characteristic of the 

protein. Sialylation differences could also account for the heterogeneity. Although the IEF result 

(Figure 41) has been repeated several times, no significant heterogeneity has been consistently noted. 

A difiuse separation of the proteins throughout the IEF, would leave only the major glycoform as that 

detected by IEF. Attempts to remove the CS or SA moieties has produced technical difficulties with 

focusing of the F4/80 molecule. Regardless, the binding of the F4/80 molecule to the anionic column, 

underlines the fact that the F4/80 molecule is covered with acidic modifications. 

4.2.2.10 Structure of the extracellular domains of the F4/80 molecule 

Previous studies of the F4/80 molecule (264,354) had demonstrated the presence of a 

protease sensitive site in the extracellular domain. Limited protease cleavage produced a 100 kDa 

fragment suggesting that a minimum of 60 kDa of the F4/80 molecule is situated extracellularly. In 
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Figure 42: Analysis of the F4/80 molecule by anion exchange chromatography 

The F4/80 molecule detergent was solublized in detergent in the absence of NaCI at pH 
9.0. The cell lysate from 4x106 cells was loaded onto a MonoQ column in lysis buffer (zero M 
NaCI, pH 9.0). The F4/80 molecule was eluted with a gradient of NaCI from zero to 1.0 M 
NaCI and 1.0 ml fractions were collected. A) The cpm from each fraction and NaCI 
concentration were calculated and plotted for each fraction. B) The F4/80 molecule was 
immunoprecipitated from the even numbered fractions and separated on 7.5% SDS-PAGE. The 
gels were prepared for fluorography and exposed to Kodak XAR film for 30 days. 
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order to localize the CS attachment site, trypsin digestion on SO4 labeled F4/80 molecule was 

performed. For comparative purposes cells after cell surface labeling with sNHS-biotin which labels 

Lys residues, and biotin hydrazide which primarily labels the SA residues under the conditions used 

were also trypsinized. The cleavage of the F4/80 molecule by trypsin is evident in the first 5 minutes 

of digestion (Figure 43). Similar results were obtained if the SDS-PAGE analysis utilized non-

reducing conditions. The absence of any 3 5 S0 4 labeled 100 kDa fragment, localizes the CS 

modification to the membrane distal 60 kDa region of the F4/80 molecule. The labeling of SAs and 

protein with biotin before trypsinization, indicates that the trypsin resistant domain retains a 

percentage of the glycosylation. Thus, the glycosylation of the F4/80 molecule is throughout the 

extracellular domain and not clustered in one region. The relative amount of glycosylation in the 100 

versus 60 kDa fragments could not be determined since the 100 kDa fragment is degraded or 

becomes non-reactive with the F4/80 mAb with extended trypsin digestion time ((354) and Figure 

43). 
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Figure 43: Trypsin digestion of the F4/80 molecule reveals the location of the molecule's 
post-translational modifications 

RAW 309 Cr.l cells were labeled for 18 hours with 3 5 S0 4 , sNHS biotin, or biotin 
hydrazide as described in Sections 2.2.4.2, 2.2.2, and 2.2.3. Following labeling, the cells were 
washed twice in PBS and incubated with 0.05% trypsin in 1.0 mM EDTA, for the times 
indicated. The trypsin was inactivated by washing twice with complete tissue culture medium at 
4°C. The cells were lysed in lysis buffer plus PMSF. Lysate equivalent to 5x105 cells per lane 
was used for immunoprecipitation of the F4/80 molecule. The samples were separated by 7.5% 
SDS-PAGE in reducing conditions and blotted to PVDF membranes. The 3 5 S0 4 labeled proteins 
were detected by autoradiography with Kodak XAR film for 29 hours. The biotinylated proteins 
were detected by blotting with SA-HRPO followed by ECL detection and exposure to Kodak 
XAR film. 
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4.2.3 Purification of the F4/80 molecule 

4.2.3.1 Strategy and rationale 

The cloning of the cDNA for the F4/80 molecule was the initial goal after commencing 

work on this molecule. Given the power of expression cloning (362), cDNA cloning with the 

COS cell expression system and selection of clones reactive with the F4/80 mAb was initially 

attempted. Although other cDNAs could be cloned with expression cloning, this method was 

not successful for the F4/80 molecule which then prompted the molecular characterization 

described in Section 4.2.2. The first observations were with respect to the high degree of re­

linked glycosylation (Figure 32). One limitation of the COS cell expression system is the 

assumption that the mAb epitope will be present in the molecule expressed in COS cells. 

Glycosylation can vary between different cell types which can affect epitopes dependent on the 

carbohydrates themselves or protein epitopes that are dependent on the carbohydrates during 

protein folding. In the expression cloning of human CD22, Stamenkovic and Seed noted that of 

the 5 epitopes recognized by a panel of mAbs, only two were maintained in COS cell expressed 

CD22 (373). Since there was only one mAb to the F4/80 molecule, the potential existed that 

COS cell expressed F4/80 molecule would not be recognized by the mAb. For this reason the 

strategy to pursue the purification of the F4/80 molecule was altered. 

The purification of cell surface molecules and the production of peptides for sequencing 

has been a well characterized and efficient means of characterizing cell surface proteins (274). 

The design of degenerate oligonucleotides from the amino acid sequence can be used to screen 

cDNA libraries to isolate cDNA clones for the purified protein. 
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The single most important consideration in purifying a protein is to establish a reliable 

source of large amounts of the protein of interest. The current protein sequencing technology 

can normally obtain N-terminal sequence from 10 pmol of protein or peptides. In the production 

of internal peptides for sequencing, significantly more protein is required as starting material due 

to losses during peptide production and purification. Even under optimized conditions it is 

estimated that only 10 to 20% of the starting material is recovered for biochemical work (274). 

In order to obtain 100 pmol of protein, 6.02xl013 F4/80 molecules (from Avagadro's number: 

6.02x1023 molecules/mol) would be required. Assuming an expression level of 25,000 molecules 

per cell by relating the F4/80 FACS to the expression levels of other molecules (Figure 25 and 

Figure 27), 2.4x109 cells would be required if 100% recovery was attained. If the percent 

recovery was in the 10-20% range, 2xl0 1 0 cells would be required as starting material. 

4.2.3.2 Selection of the R A W 309 Cr.l cell line for purification 

The choice of a cell source for the F4/80 molecule purification was determined by the 

expression level of the cell type and the potential to harvest large numbers of cells. The difficulty 

in using cells directly from animals was the relatively small numbers of cells that can be obtained 

from a mouse. At most 2xl0 7 PECs can be obtained from a single mouse of which 1.4 x 107 

m<j>s will be recovered. Therefore, even 100 mice will produce only 1.4xl09 cells. Additional 

sources of m<j>s would include Kuppfer cells and bone marrow m<j>s. However, each of these 

sources will produce similar numbers of cells to PECs resulting in only 5xl0 9 cells from 100 

mice. Therefore, a m<|) cell line was chosen for the F4/80 purification. I initially chose the J774.2 

cell line which had F4/80 molecule expression of two-thirds of the PEC F4/80 expression level 

(Figure 25 and Figure 27). However, repeated efforts to culture the J774.2 cells in large scale 
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cultures, resulted in the decrease of F4/80 molecule expression to one-sixth of the PEC level, a 

four fold decrease (not shown). Therefore, several m<|> cell lines were retested for F4/80 

expression. The RAW 309 Cr. 1 cell line demonstrated similar expression of the F4/80 molecule 

relative to PECs by FACS analysis and [35S]-Met-Cys labeling (Figure 44). The properties of the 

F4/80 molecule from RAW 309 Cr.l cells appeared similar in its migration in non-reducing 

versus reducing SDS-PAGE and the degree of N-linked glycosylation as demonstrated by 

PNGase F digestion (Figure 44). In this particular experiment, the increased migration in non-

reduced SDS-PAGE was not as pronounced for the untreated F4/80 molecule, but was evident 

for the PNGase F treated molecule. These results clearly demonstrated that the RAW 309 Cr.l 

cells were suitable for large scale purification of the F4/80 molecule. Although the culture 

conditions required some modification for the optimization of F4/80 molecule expression, RAW 

309 Cr.l cells could be cultured in large spinner flasks without loss of F4/80 molecule 

expression. 

4.2.3.3 F4/80 monoclonal antibody column preparation and testing 

Prior to attempting a full scale purification of the F4/80 molecule, the F4/80-Sepharose 

column was tested for binding of the F4/80 molecule and the efficiency of elution. Previous 

analysis by immunoprecipitation had established that solubilization of cells in NP-40 resulted in 

the most efficient recovery of the F4/80 molecule relative to other detergents or conbinations of 

detergents (not shown). The elution of the F4/80 molecule from the mAb-Sepharose column 

with C8Glc, pH 11.5 appeared to elute almost all of the F4/80 molecule (Figure 45). The 

proteins were eluted by boiling in SDS-PAGE loading buffer (lane 1), with two elutions of 
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Figure 44: Expression of the F4/80 molecule by the RAW 309 Cr.l cell line 

B) PECs and RAW 309 Cr.l cells were labeled with [35S]-Met-Cys for 18 hours and 
lysed in NP-40 lysis buffer. 5x10s cell equivalents were used for each immunoprecipitation with 
the control mAb SFR8-B6 or F4/80. Following immunoprecipitation, the proteins were 
incubated in the presence or absence of PNGase F for 12 hours at 37°C. The proteins were 
prepared for reducing (R) or non-reducing (NR) conditions and separated with 5-10% SDS-
PAGE. The gel was prepared for fluorography and exposed to Kodak-XAR film for 6 days. 
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deoxycholate (DOC), pH 11.5 (lanes 2 and 3), or two elutions with CgGlc, pH 11.5 (lanes 5 and 

6). The pH 11.5 elutions in DOC and CgGlc were each followed by boiling the beads with SDS-

PAGE loading buffer (lanes 4 and 7 respectively). The CgGlc elution buffer was chosen since it 

appeared to efficiently elute the F4/80 molecule and would interfere less than DOC with 

subsequent steps such as SDS-PAGE. 

D O C C 8 G l c 
p H 11 .5 p H 11.5 

1 2 3 4 5 6 7 kDa 

— 200 

— 97.4 

— 68 

Figure 45: Testing of the F4/80 mAb column 
RAW 309 Cr.l cells were labeled 18 hours with [35S]-Met-Cys and lysed in NP-40 lysis 

buffer. For each lane 1 xlO 6 cells were used to immunoprecipitate the F4/80 molecule. The 
proteins were eluted by boiling in SDS-PAGE loading buffer (lane 1). Two elutions with 0.5% 
DOC, 50mM D E A pH 11.5 (lanes 2 and 3) were followed by boiling the beads with SDS-
PAGE loading buffer (lane 4). Similarly, two elutions with 0.5% CgGlc, 50mM D E A pH 11.5 
(lanes 5 and 6) were followed by boiling with SDS-PAGE loading buffer. The proteins were 
separated with 5-10% SDS-PAGE and the gel prepared for fluorography before exposing to 
Kodak XAR film for 18 hours. 
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4.2.3.4 Peptide sequencing of the purified F4/80 molecule 

The first large scale purification with the RAW 309 Cr. 1 cells, utilized the F4/80 mAb 

column (Figure 45) and a DS-Sepharose column (Figure 36). The DS-Sepharose column 

appeared to eliminate many of the contaminating proteins and recover 50% of the F4/80 

molecule that eluted from the F4/80 column. Therefore, the RAW 309 Cr.l membrane lysate 

was passed over the F4/80 mAb column, the column washed and eluted at pH 11.5, and the 

eluted fractions pooled and applied to the DS-Sepharose column. The elutions from the DS 

column were examined by silver staining since the biotinylated DS lectin blotting was not 

utilized at this stage of the research project. 

This purification appeared to produce significant recovery of the F4/80 molecule, as 

judged by the quantity of 160 kDa protein eluted from the DS-Sepharose column (Figure 46). 

This protein comigrates with the major [35S]-Met-Cys labeled protein in fractions 2 and 3 of the 

DS-Sepharose elution. The differences in the [35S]-Met-Cys and silver stain gels may be 

explained by the pooling of the [35S]-Met-Cys and bulk RAW 309 Cr. 1 cell lysates only prior to 

the F4/80 mAb column. If degradation had occurred in the bulk preparation, the [35S]-Met-Cys 

label would not reflect this degradation. The 95 kDa and 68 kDa proteins visible by total protein 

staining are not detected with [35S]-Met-Cys. The 95 kDa protein is similar to the F4/80 

molecule fragment size after limited protease digestion (Figure 43), whereas no 68 kDa protein 

fragment of the F4/80 molecule was ever noted. 

To test the identity of the three proteins, the 95 and 68 kDa proteins were N-terminal 

sequenced following separation by SDS-PAGE and blotting to PVDF membrane. The 160 kDa 

protein produced no signal with test N-terminal sequencing, so the remainder was prepared for 

O-phthalaldehyde sequencing (374). CNBr digestion of the blotted protein was carried out by 
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standard methods. The membrane was washed extensively with ddFf̂ O before sequencing by 

standard PITC chemistry. One third of the CNBr sample was sequenced in order to identify the 

first Pro residue from the mixed peptide pool. In theory, the remaining two-thirds of the sample 

is sequenced up to one cycle before the first Pro residue. O-phthalaldehyde will block all N -

termini in the mixed peptide pool except the peptide with an N-terminal Pro. Therefore, when 

sequencing is restarted, only one peptide sequence will be obtained. However, the original 

sequencing of the 160 kDa protein CNBr digest produced only one sequence. The explanation 

for this result can be that very few Met residues are successfully cleaved in the protein, or that 

the resulting peptides were washed off during the digestion or during the subsequent washing 

steps. The peptide was resequenced, confirming the sequence shown in Table 6 

Sample 1 2 3 4 5 6 7 8 9 10 

Sequence from CNBr Digest of 160 kDa illll R 111! III 111 III 111 111 E -

N-terminal sequence of 95 kDa protein Bill III 11 i l l 111 R 111 T T 

N-terminal sequence of 68 kDa protein A 11111 K i l l T 111 111! 111 lllll 
Table 6: Peptide sequence from F4/80 molecule purification 
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Figure 46: Peptide sequencing of the F4/80 molecule 
RAW 309 Cr.l cells (2x1010) were grown in spinner flasks, harvested, and used to 

produce an NP-40 membrane lysate. The F4/80 molecule was purified with an F4/80 mAb 
column, elution of the bound protein, and application to a DS lectin column. The DS-Sepharose 
column eluates were analyzed by silver staining of fractions and SDS-PAGE and fluorography of 
fractions. The fractions containing protein were pooled and concentrated before separation on 
SDS-PAGE, blotting to PVDF membrane, and staining with Coomassie Blue. The 160 kDa 
protein was digested with CNBr and subjected to PITC sequencing. The sequence obtained 
from duplicates of this procedure is shown in Table 6. 
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4.2.3.5 Monitoring of the F4/80 molecule purification 

Many reports of protein purification with mAbs do not utilize an assay of the protein's 

antigenic epitope during purification. However, monitoring of purification simply by SDS-PAGE 

can be misleading if a major contaminant has a similar migration compared to the protein of 

interest (274). The results obtained in the purification shown in Figure 46, emphasized the need 

to more quantitatively address the F4/80 molecule purification. Williams and Barclay have 

described a simple assay which measures binding of mAb to control cells. Preincubation of the 

mAb to with purified protein or samples from the various steps during purification, results in 

mAb-antigen complexes which can be pelleted by centrifugation (274). If a sample contains 

more of the protein of interest, more mAb will be centrifuged out of solution. This results in a 

decrease in the mAb binding to the control cells. Despite concerted attempts, this assay could 

not be adapted to monitor the F4/80 molecule purification. Therefore, the F4/80 molecule 

purification was initially monitored by SDS-PAGE and silver staining of fractions during the 

purification. A more precise quantitation of the F4/80 molecule content would have averted or 

detected difficulties with the F4/80 molecule purification. 

Following the characterization of the DS lectin reactivity with the F4/80 molecule, this 

interaction was utilized to monitor F4/80 molecule purification. The protocol required 

immunoprecipitation of the F4/80 molecule from each step of the purification, SDS-PAGE and 

transfer of the proteins to PVDF membrane, and blotting of the membrane with biotinylated DS 

lectin and SA-HRPO. The signal obtained could be quantitated and related to the amount of 

F4/80 molecule from standard cells. An initial attempt to quantify the F4/80 molecule 

purification is shown in (Figure 47). This result displays that quantitation of the F4/80 molecule 

recovery is possible with this method, but also outlines some of the limitations of the system. 
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The requirement for immunoprecipitation of all samples except for the eluted fractions and 

densitometric analysis of the results, increases the labor required for each analysis. Due to this 

fact, only one or two dilutions of each sample could be tested. This can produce difficulties 

when the dilution chosen lies outside the range of the standards as is evident in Lane 4, for the 

NP-40 solublized membranes. To make the results more reliable, duplicate samples were 

immunoprecipitated in subsequent experiments. The protocol for biotinylated DS lectin blotting 

in the monitoring of F4/80 molecule purification is described in Section 2.2.14. 

Sample Protein 

(mg) 

F4/80 molecule 

(cell equivalents) 

Dilution 

Analyzed 

Cell Equivalent 

Recovery 

Purification 

Factor 

Cells 2045 1.5xl010 1 

Ik pellet 166 1.15x10s 750 8 63x10* NA 

lk sup 1890 864x106 7143 6.18xl09 0.45 

NP-40 lysate* 175 2.53x10s * 6400 L2?xl0 9 * 1.3* 

Eluted 0.2 6.01xl06 200 6 73x10* 459 

Fractions 

post-column ND iiiiiiiiiiiî ^̂ Ĥ 6000 llllllHilllBllllS N A 

lysate 

ND - not determined NA - not applicable 

* - The values obtained in this purification were abnormally low compared to other purifications. 

See text and Table 8 for details and comparison. 

Table 7 : Monitoring of F4/80 purification with DS blotting 
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Figure 47: The use of DS lectin blotting to monitor F4/80 molecule purification 
RAW 309 Cr. 1 cells were grown in large scale spinner cultures. An aliquot of the cells 

were retained to utilize as the control cells (100% F4/80 molecule content). The remaining cells 
were utilized for a Tween-40 membrane preparation (Section 2.2.13), followed by solublization 
with NP-40, and passing of the lysate over an F4/80 mAb affinity column. The column was 
eluted with 0.5% CgGlc, 50 mM DEA, pH 11.5. Samples from each stage of the purification 
were solublized with NP-40 and immunoprecipitated with F4/80-Sepharose. The proteins were 
separated on 7.5% SDS-PAGE, transferred to PVDF membranes, and blotted with biotinylated 
DS lectin and SA-HRPO. The membrane was finally developed with ECL reagents and exposed 
to Kodak XAR film. 

With the source of cells determined, a culture system capable of growing 2x10 cells, 

the mAb and elution scheme tested, and now a method to monitor the content of F4/80 molecule 

throughout the purification, the large scale purification procedures were attempted again. 
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4.2.3.6 Affinity purification of the F4/80 molecule 

A subsequent affinity purification of the F4/80 molecule is outlined in Figure 48. The 

goal of this purification was to address the recoveries from of the F4/80 mAb column and to use 

the material for amino acid composition and N-terminal sequence analysis. Therefore, if the 

protein was sufficiently pure after the mAb column, the DS-Sepharose column would not be 

necessary. Since the proteins would be separated by SDS-PAGE prior to blotting to PVDF for 

sequencing and amino acid analysis, the low Mr contaminants were not a problem. The only 

proteins greater than 70 kDa appeared to be the F4/80 molecule precursor and mature form 

(Figure 48A). The reactivity with the DS lectin confirms that the F4/80 molecule was recovered 

in significant amounts (Figure 48C-F). The purification factor and degree of F4/80 recovery are 

described in Table 8. These results indicated that the recovery of the F4/80 molecule was a 

relatively low 6% of the starting F4/80 molecule content following elution from the mAb 

column. A further analysis indicated that the majority of loss occurs during the mAb step, since 

77% of the antigenic content was recovered at the NP-40 solublization step. The F4/80 

molecule was also not present in significant amounts in the column flowthrough. Subsequent 

elution attempts of varying stringency also did not release any more protein from the column. 

The F4/80 molecule epitope recognized by the mAb could conceivably be denatured during the 

extended chromatography step. 

The eluted fractions 2, 3, and 4 were pooled, concentrated, separated by 7.5% SDS-

PAGE, transferred to PVDF membrane, and stained with Coomassie Blue (Figure 48B). 

Following concentration, the 110 kDa precursor is now more easily detectable than the mature 

form. The mature form may be more refractory to Coomassie Blue staining due to its higher 

glycosylation (375) or may be aggregated or digested during the concentration step. The diffuse 
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Figure 48: The purification of the F4/80 molecule 

RAW 309 Cr.l cells (2xl010) were grown in spinner flasks, harvested, and used to 
produce an NP-40 membrane lysate. The F4/80 molecule was purified from the lysate with an 
F4/80 mAb column followed by elution of the bound proteins. A) The F4/80 mAb column 
eluates were analyzed by SDS-PAGE of the fractions and silver staining. The proteins were also 
analyzed for their F4/80 content by blotting of SDS-PAGE separated samples with the DS lectin 
(C-F). C) The F4/80 molecule was immunoprecipitated from a range of cell number equivalents 
of RAW 309 Cr.l cell NP-40 lysates as shown. The F4/80 molecule content at the following 
steps of purification was analyzed by solublization in NP-40, immunoprecipitation with the 
F4/80 mAb, separation by SDS-PAGE, transfer to PVDF membrane, and blotting with DS 
lectin: 1) Tween-40 membrane lOOOg homogenate supernatant, 2) Tween-40 membrane 
homogenate lOOOg pellet, 3) Tween-40 membrane 100,000g pellet, 4) Tween-40 100,000g 
supernatant, 5) NP-40 solublized membranes, and 6) NP-40 solublized lysate following the 
F4/80 mAb column. The dilution factor for each sample is indicated in Table 8. Panel E is the 
DS lectin blotting of the fractions eluted from the F4/80 mAb column. Panel F is the DS lectin 
blotting of the pooled eluted fractions following concentration. Panel B is the Coomassie Blue 
stained PVDF membrane following SDS-PAGE separation of the pooled, concentrated, 
fractions. 
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nature of the protein migration relative to that seen in Figure 46 was likely due to the 

denaturation of the F4/80 molecule prior to DS-Sepharose chromatography described in Figure 

46. Denaturation of the F4/80 molecule in SDS prior to subsequent manipulations such as 

chromatography or storage at -80°C produced a slightly higher M,, more compact migration in 

SDS-PAGE (not shown). The 110 and 150 kDa proteins were still reactive with the DS lectin as 

expected (Figure 48F). The DS-reactivity confirmed the presence of more precursor F4/80 

molecule than the mature form. Some of the DS reactive material was localized to the top of the 

separating gel (Figure 48F) which suggested that the mature F4/80 molecule may have 

undergone aggregation during the concentration procedure. 

Sample Protein 

(mg) 

F4/80 molecule 

(cell equivalents) 

Dilution Cell Equivalent 

Recovery 

Purification 

Factor 

Cells 2518 2xl0 1 0 1 

lk sup 2250 l.lxIO 7 4673 2.5xl0 l & 1.4 

lk pellet 206 1.7xl06 445 2 8xl0 9 NA 

100ksup 2218 3.0x10* 445 1.6x10* NA 

100k pellet 219 8 6xl0 6 2273 2.0xl0 ) 0 11.6 

NP-40 lysate 219 1.4xl07 2463 1.3x10" 7.6 

Pooled Eluate 0.765 6 8xl0 6 204 1 4xl0 9 232 

SDS-PAGE 0.050 6.8x10* 204 1.4xl09 3525 

Flowthrough ND lixio* 450 NA 

Table 8: F4/80 molecule purification 
The purification of the F4/80 molecule was monitored by DS lectin blotting to determine 

the efficiency of F4/80 molecule recovery throughout the purification 
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4.2.3.7 Amino acid analysis and N-terminal sequencing 

Amino acid analysis of the protein from half of one lane in Figure 48B, indicated that 4 

fold molar less of the mature form was present compared to the immature form (Table 9). The 

amino acid results for the mature form were less reliable due to the presence of residual Gly 

following transfer and rinsing of the PVDF membrane. Therefore, the molar percentages of the 

amino acids in the two proteins were not identical due to the skewing of the values by the Gly. 

However, the two proteins did show the same general pattern of amino acid composition . The 

more important information from this analysis, was that up to 32 pmol of the F4/80 molecule 

following purification could be obtained, which is sufficient for producing and recovering 5 pmol 

of internal peptides. In spite of this significant amount of protein, no N-terminal sequence was 

obtained from either protein. 
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110 kDa Protein 150-160 kDa Protein 

Total yield 8.0 pmol 2.0 pmol 

Amino Acid Molar percentage Molar percentage 

Asx nA 

Glx 13.69 12.6 

Ser 9.08 | | B 
Gly 9.81 17.11 

lil̂ HIIIIÎ HIî B̂lllilllll̂ H 0.042 0.06 

Arg 2.49 1.86 

llHIIIIHlll̂ HIIlllIIIÎ B 6.51 

Ala 5.35 6.28 

Pro IlllllllillllllllllllllSl̂ ^ 4.87 

Tyr 2.83 2.09 

IBIBIIIHB 6.05 

Met 0.042 0.012 

HIBIIH 0.042 0.012 

He 5.12 5.59 

Leu 9.72 

Phe 4.18 4.42 

lIBliliHSlill̂ BIIIllll̂ B̂I Biiiiiiiiiiiiiiiiiiiiiiiiiiiiiî  2.58 

Table 9: Amino acid analysis of the F4/80 molecule 

One-half of one lane from Figure 48B was used to determine the amino acid composition 
of the 110 kDa and 150 kDa proteins. 

187 



4.2.3.8 Production of Internal Peptides from purified F4/80 molecule 

Due to the apparent N-terminal block in the F4/80 protein, the production of internal 

peptides for sequencing was pursued. 

4.2.3.8.1 Analytical scale 

Peptide fragments of proteins can be produced by several methods including both 

chemical and enzymatic methods. A wide variety of enzymes with different cut site specificities 

have been characterized and include the following enzymes: trypsin (Lys.Arg), Lys-C (Lys), 

Glu-C (Glu or Glu and Asp). Among chemical cleavage methods, CNBr cleavage of proteins at 

met residues is by far the most commonly employed. Following protein cleavage, the peptides 

are most commonly separated by RP-HPLC or SDS-PAGE if the peptides are of a large enough 

molecular mass. To address different protocols for the production of internal peptides from the 

F4/80 molecule, several cleavage methods were assayed. The F4/80 molecule was analyzed prior 

to digestion to ensure that the protein was pure. A minor contaminant at 30 kDa remained, but 

this was present in far less amount relative to the F4/80 molecule (Figure 49B). Digestion of this 

material with the indicated digestion methods is shown in Figure 49A. Radioactive monitoring 

of the samples indicated near 100% recovery following digestion except for the CNBr cleavage, 

where only 65% is recovered. This decreased recovery was apparent in the fragment pattern on 

SDS-PAGE. The enzymatic digestions of the F4/80 molecule all produced a large number of 

fragments in the range from 1 to 30 kDa and even some higher M , peptides. The production of 

these peptides from large scale preparations of the F4/80 molecule was the next goal before 

attempting to separate these peptide products into single peptides for sequencing. 
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Figure 49: Test production of peptides from the F4/80 molecule 
The F4/80 molecule was purified by F4/80 mAb chromatography, elution of the bound 

proteins, and secondary purification on a DS lectin column. A) The protocols for the digestion of 
the F4/80 molecule as indicated were utilized to cleave the F4/80 molecule. The digested material 
was analyzed by 10-17% SDS-PAGE and autoradiography with Kodak XAR film for 18 days. 
Panel B shows the product prior to digestion after separation by 8% SDS-PAGE and 
autoradiography for 2 days to Kodak XAR film. 

189 



4.2.3.8.2 Preparative scale peptide production 

The large scale production of peptides from the F4/80 molecule was performed in a 

fashion similar to the purification described in Section 4.2.3.6. The DS lectin column step would 

have increased the absolute purity of the F4/80 molecule, but may have decreased the recovery 

below the threshold for sequencing. In attempting to replicate the analytical scale peptide 

production, difficulty was experienced. The increased concentration of protein in the sample was 

creating conditions which led to the loss of the F4/80 molecule following denaturation and 

concentration. An example of the silver staining profile of the column eluates before and after 

denaturation and concentration is shown in Figure 50. The disappearance of the 160 kDa F4/80 

molecule protein was clearly evident, as was the appearance of higher molecular weight material. 

Attempts to dissociate this complex with higher concentration of urea, NaCI, or even SDS were 

not successful once the 160 kDa protein form was lost. Digestion of the material with Lys-C did 

not produce detectable fragments when the digest was analyzed by RP-HPLC. 

To avoid the denaturation and concentration steps prior to enzyme digestion, the 

immediate denaturation of fractions in SDS was also attempted. SDS-PAGE and transfer of the 

proteins to a modified PVDF membrane provides a method for enzymatic digestion of the 

protein on the membrane (376). Difficulties in the elution of peptides from the membrane, 

reduced the final yield of peptides. Although HPLC separation of the peptides eluted from the 

membrane did allow the recovery of peptides for sequencing, the low amount of peptide did not 

allow unambiguous determination of the sequence. 

During the attempts to obtain peptide sequence, we learned of the reported cloning of a 

candidate cDNA for the F4/80 molecule by another research group. Since other work remained 
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pertaining to the post-translational modifications of the F4/80 molecule, the efforts to obtain 

internal peptide sequence were concluded. 

front 

Figure 50: Attempted large scale production of peptides from the F4/80 molecule 

RAW 309 Cr.l cells (2xl010) were grown in spinner flasks, harvested, and used to 
produce an NP-40 membrane lysate. The F4/80 molecule was purified from the lysate with an 
F4/80 mAb column followed by elution of the bound proteins. The F4/80 mAb column eluates 
were analyzed by SDS-PAGE of the pooled fractions and silver staining (before). The pooled 
fractions were concentrated as described in section 2.2.16 and analyzed by silver staining (after). 
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4.3 Discussion 

The goal of the F4/80 molecule characterization was to determine the peptide sequence by 

cDNA cloning and to characterize the biochemical nature of the molecule. The pursuit of cDNA 

sequence did not reach a successful end. The difficulties that were encountered in this pursuit, may 

partially explain why the identity of this molecule has remained unknown for 15 years after the F4/80 

mAb description. The results of the biochemical characterization of the F4/80 molecule have shed 

more light on potential functions for this molecule than a cDNA sequence alone would. That the 

F4/80 molecule possesses numerous post-translational modifications including disulfide bonds, 

extensive N-linked and moderate O-linked glycosylation, SA modifications, and CS GAGs, has been 

clearly demonstrated. These modifications may directly involve the F4/80 molecule in m(J) and DC 

recognition events. The extensive modifications may also explain the difficulty encountered with 

protein purification and expression cloning. 

4.3.1 Transport and folding of the F4/80 molecule 

The post-translational modifications of the F4/80 molecule may be implicated in multiple 

functions, including a role in maintaining the molecule's structural stability. For example, the 

glycosylation is evidently important for the molecule's efficient transport and acquisition of the F4/80 

epitope since tunicamycin prevents the molecule's transport (Fig 31); Heavy glycosylation has been 

shown to protect glycoproteins from proteolytic degradation, which may be especially relevant for 

m<J) glycoproteins which can encounter the nuj/s active degradative machinery. Carbohydrates have 

also been demonstrated to directly participate in the stabilization of the protein backbone of human 

CD2 (166), thus allowing CD2 to bind CD58. A high local concentration of O-linked carbohydrates 
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(Figure 33) in one domain of the F4/80 molecule, could dictate a local extended structure similar to 

CD45 (168) or the mucin-like CD43 (169) O-glycosylated domains. 

4.3.2 N - and O-linked carbohydrate modification of the F4/80 molecule 

The preferential binding of the DS and PHA-E lectins to the F4/80 molecule is indicative of 

branched, complex type N-linked carbohydrates (371,377). The PFIA-E reactivity suggests that the 

al-6 Man branch has the following structure: GalBl-4GcNAcBl-2Marial-6Man. The Datura 

stramonium lectin binding characteristics of the F4/80 molecule indicate the presence of repeating 01-

4 linked GlcNAc units or N-acetyUactosamine units. The binding of both PHA-E and DS lectins to 

their respective ligands is typically inhibited if the carbohydrate structure is sialylated (371,377). 

Since RCA binding detected no free Gal residues on the F4/80 molecule before neuraminidase 

digestion (Figure 34 and Figure 35), desialylated PHA-E and DS binding sites may represent only a 

minor component of the total glycosylation, but still mediate high affinity lectin binding. Alternatively, 

the glycan chains may be terminated with residues which do not affect the lectin binding. The DS 

binding to the F4/80 molecule precursor, indicates that the glycans required for DS binding are added 

in the medial -Golgi. This indicates that the a 1-3 linked Man branch is likely substituted with 31-4 

linked N-acetylglucosamines. Other studies have described the Endo H sensitive nature of these 

hybrid structures, with a high Man branch on the al-6 linked Man and complex glycans on the 

remaining branch or branches (378). After the trimming of the al-6 linked Man residues, the glycan 

will be further modified to form the final mature molecule. 

Serial lectin chromatography and studies into the structural nature of the F4/80 molecule 

carbohydrates should resolve the precise nature of the extensive glycosylation described in this thesis. 
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4.3.3 Glycosaminoglycan addition to the F4/80 molecule 

Molecular interactions mediated by GAGs have also acquired recent prominence. HS is 

important in the process of binding of bFGF to its receptor (220). This interaction of negatively 

charged GAGs with receptor ligands has been proposed to be relevant for other receptor-ligand 

interactions (179). Cell surface receptors with GAG specificity include CD44 which has a high aflBnity 

for HA and also interacts with CS (216,218). The presence of CS modifications on the F4/80 

molecule (Figure 40) indicates it could function as a receptor for CD44 since even a single CS 

modification can mediate functional interactions with CD44 (216). Since multiple cell types can 

express CD44, the interaction of the F4/80 molecule could be functionally relevant for many 

functions including T cell stimulation, hematopoesis, recirculation, and localization of m<j)s and LCs 

(203). 

GAGs also interact with the ECM, most notably with fibronectin. Fibronectin contains a 

heparin-binding domain that bind heparin, HS, and CS (217). Therefore, the CS of the F4/80 

molecule could mediate macrophage and DC binding to fibronectin. 

4.3.4 Purification of the F4/80 molecule 

The purification of the F4/80 molecule reported in this thesis, did succeed in isolating 

significant quantities of the F4/80 molecule, in sufficient purity to permit amino acid analysis and 

N-terminal sequencing (Figure 48). Although the N-terminal of the F4/80 molecule is blocked, 

the preparation of the protein for o-phthalaldehyde sequencing, fortuitously produced one 

peptide sequence (Table 6). This peptide was recovered in low amounts (2-4 pmol for 

sequencing), but produced similar sequence in two separate sequencing runs. The sequence 
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shows no homology to other known proteins. The 95 kDa protein from this purification also 

showed no homology to known proteins. However, the identity of the 68 kDa protein was BSA, 

indicating the retention or introduction of non-specific proteins at some stage in the purification. 

To more thoroughly identify and quantitate the F4/80 molecule content throughout the 

purification, monitoring by mAb immunoprecipitation and DS lectin blotting was instituted The 

low yield of the F4/80 molecule from the mAb column is apparently due to the loss of the F4/80 

epitope during the affinity chromatography step (Table 8). The preparation of a mAb to a 

separate, more stable epitope, or the use of a specific antisera would provide an alternative tool 

to purify the molecule with greater efficiency. Other antibodies could also prove useful in 

attempts to clone the F4/80 molecule cDNA by expression. The N-terminal of the F4/80 

molecule is blocked since two attempts to sequence of 20 pmol did not produce a sequence 

whereas other molecules in the same gel or from the same cells did not have blocked N-termini. 

Therefore, N-terminal blockage does not generally occur during the purification protocol 

employed. The controlled tryptic digestion of the F4/80 molecule on harvested cells (Figure 43), 

could potentially be utilized to overcome the natural N-terminal blockage. The 100 kDa 

fragment retained by the cell is recognized by the F4/80 mAb and should have a free N-terminus. 

However, the decreased yield of the 100 kDa fragment could limit the utility of this approach. 

The difficulty in working with the F4/80 molecule primarily surfaced during attempts to 

concentrate or denature large quantities of the molecule in the absence of SDS (Figure 50), a 

standard component of protocols for the enzymatic digestion of proteins (Section 2.2.16). The 

analytical scale protocol did not produce extensive protein aggregation (Figure 49, and data not 

shown). To permit denaturation in SDS, utilization of protocols for digestion of proteins on 

membranes following SDS-PAGE and transfer to special, cationic PVDF membranes (376) was 
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attempted. The transfer was efficiently accomplished, but peptides could not be eluted in high 

yield from the membrane in acidic conditions with standard methods. 

Other potential adjustments to the purification protocol are now apparent, but the 

information was not all available at the time the purification was being performed. The 

identification of CS modification was not definitively completed until after the purification 

attempts were stopped. If the purification of the F4/80 molecule was continued, the elimination 

of the CS modifications by digestion with chondroitin ABC lyase (Figure 40) would be 

incorporated into the protocol. CS moieties can impart a large negative charge of 2 to 3 negative 

charges per disaccharide unit (214). The negative charges of the SA residues also contribute to 

the negative nature of the post-translational modifications which appear to cover the protein 

(Figure 42). The entire molecule retains a basic nature in denatured form (Figure 41), which 

indicates that positive and negative charges may be juxtaposed when the protein is denatured. 

When higher concentrations of protein are present, the molecules may have formed the 

aggregates observed (Figure 50). Unfortunately, the F4/80 molecule purification has not been 

revisited in order to address these questions. 

4.3.5 Comparison of the F4/80 molecule to known molecules 

The extent and diversity of the post-translational modifications contained in the F4/80 

molecule are not commonly found in proteins. The molecules of the mucin family including CD66, 

CD43, and CD34 are extensively glycosylated, but primarily contain O-linked carbohydrates (379) 

which contrasts these proteins with the F4/80 molecule. Another class of extensively glycosylated 

molecules includes the CD24 protein. CD24 and its related proteins have extremely small protein 

cores (35 amino acids in CD24) with extensive O-linked glycosylation (380), which is again unlike 

the F4/80 molecule. Certain members of the Ig superfamily share some properties with the F4/80 
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molecule. For example, CD22 contains 10-11 potential N-linked sites, and numerous potential O-

linked sites which collectively contribute half of the mature CD22 apparent molecular mass as 

carbohydrates. CD22 also exhibits marked reduction in apparent molecular mass in non-reducing 

SDS-PAGE, but lacks GAG modification (381). CD45 also snares certain qualities with the F4/80 

molecule. CD45 contains 11-16 N-linked glycosylation sites and numerous O-linked sites depending 

on the inclusion of the alternatively spliced exons (see Chapter 3). The CD45 extracellular domain 

also contains 16 Cys residues, some of which are involved in disulfide bonding. CD45 has also been 

reported to be sulfated in a T cell leukemia line and activated peripheral blood leukocytes (382), 

although results with PEC CD45 did not detect any sulfated CD45 (Figure 37). Two proteins which 

do contain the plethora of modifications in the F4/80 molecule are the Ii (CD74) and CD44 (203,383) 

which have N - and O-linked glycosylation and GAG modifications. However, both of these proteins 

have expression patterns which vary significantly from the F4/80 molecule's distribution. In addition, 

the protein core of CD74 is substantially smaller than the F4/80 protein core, whereas CD44 has an 

acidic protein core. Together these data indicate that the F4/80 molecule is distinct from CD74 and 

CD44. However, the F4/80 molecule joins this select group of proteoglycans which also includes the 

TfR, thrombomodulin, and the 114/10 molecule as transmembrane proteins with large protein cores 

that have been characterized as GAGs (214,384). 

4.3.6 The structure of the F4/80 molecule 

The work described in this thesis, describes the extensive modification of the F4/80 molecule 

by N - and O-linked glycosylation and CS (Figure 32, Figure 33, and Figure 40). The other 

information on the molecule has come from analyzing its behavior in IEF (Figure 41) and anion 

exchange chromatography (Figure 42) and from the tryptic digestion of the extracellular domain 

(Figure 43). 
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The F4/80 molecule's extensive glycosylation is obviously a major determinant of the proteins 

extracellular region. In addition, previous studies of the F4/80 molecule had demonstrated the 

presence of a protease sensitive site in the extracellular domain (264,354). Limited protease cleavage 

produced a 100 kDa fragment suggesting that a minimum of 60 kDa of the F4/80 molecule is situated 

extracellularly. The characterization reported here (Figure 43) further defines the structural nature of 

the F4/80 molecule by localizing the CS modification in the 60 kDa fragment digested by trypsin. At 

least a portion of the carbohydrate and protein labeling are retained in the 100 kDa fragment 

following trypsin digestion. The presence of highly negative SA and CS moieties was also 

documented. Since the F4/80 molecule retains an overall basic characteristic, it is likely that the 

protein core of the F4/80 molecule is basic which contrasts the negatively charged SA and CS 

modifications. The amino acid composition does not show an unusual excess of basic amino acids, 

but the amounts of Glu versus Gin and Asp versus Asn could not be determined (Table 9). 

Therefore, the IEF migration characteristic of the F4/80 molecule may be anomalous for as yet 

unknown reasons. The location of the various carbohydrates was also not tested. Therefore, the O-

linked carbohydrates may be clustered in a mucin like domain or dispersed throughout the entire 

extracellular domain. 

The large difference between reducing and non-reducing SDS-PAGE migration of the F4/80 

molecule, suggests a multiple domain structure for the F4/80 molecule. The most common 

superfamily (SF) domains found in extracellular regions of proteins are of the IgSF (385). Other 

potential SF domains include fibronectin type n, nerve growth factor receptor, EGF, C-type lectin, 

and the cytokine receptor family (129). These superfarnilies all possess conserved Cys residues, 

important for protein folding. The F4/80 molecule could contain multiple repeats of a single SF 

domain, a mixture of different SF domains, or conceivably a novel structure. The precise domain 
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identity cannot currently be determined, so the structure is modeled based on IgSF domains. An IgSF 

domain of the constant-2 (C2) set is typically 80-100 amino acids (385). The model includes 7 Ig C2 

domains in the structure to account for the observed protein core of 80-85 kDa (Figure 30 and 

Figure 31) and the existence of several disulfide bonds (Figure 29). These approximately 630 amino 

acids involved in the Ig C2 domains would leave 100-150 amino acids for the remainder of the 

extracellular domain, the transmembrane segment, and the cytoplasmic domain. No further 

information on the cytoplasmic domain has been obtained. Based on these assumptions, the structure 

of the F4/80 molecule would resemble the depictions in Figure 51. If the other SF domains are also 

involved in the structure, more amino acids may contribute to the transmembrane and intracellular 

domains. For example, EGFSF and LDL receptor SF domains are 40-50 amino acids and each 

contain 6 Cys residues. The smaller size of each domain would allow for a more substantial 

cytoplasmic domain than depicted in Figure 51 while still accounting for the extensive disulfide 

bonding. 

4.3.7 Potential functions of the F4/80 molecule 

Carbohydrates are now also recognized as participants in specific molecular interactions. The 

characterization of carbohydrate binding proteins has focused much research into identifying ligands 

for these proteins. Selectin ligands are extremely variable although most contain SA, sulfate and/or 

Fuc residues in the recognition sequence (173). These carbohydrate sequences can be found on N -

and O-linked carbohydrates. Since the F4/80 molecule possesses large amounts of N-linked 

glycosylation and clearly detectable O-linked glycosylation, the F4/80 molecule could function as a 

ligand for the selectin family of molecules. Considering the absence of detectable Fuc residues on the 

F4/80 molecule (Figure 35), the nature of any selectin ligand on the F4/80 molecule could be a non-

fucosylated selectin ligand structure. 
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Other proteins with requirements for carbohydrate in their recognition structures are CD22 

and sialoadhesin which bind to ligands containing SA. The absence of a2-3 linked SAs indicates that 

the F4/80 molecule would not be a ligand for sialoadhesin (202). Conversely, the presence of a2-6 

linked SAs on the F4/80 molecule (Figure 34) make it a candidate counterreceptor for CD22 (171). 

CD22 mediated adhesion to monocytes has been previously demonstrated in human systems 

(373,386) and would also likely occur with mouse monocytes. Thus, cell-cell adhesion event may be 

strengthened by a human F4/80 molecule homologue bmding to CD22. 

Galectin ligands also appear to mediate important biological processes such as thymocyte 

apoptosis (195), FceRI signaling in mast cells and DCs (196,197), and IL-1 production in monocytes 

(198). The F4/80 molecule's carbohydrates contain the galectin ligands Gal and N-acetyUactosarnine, 

as defined by the DS and PHA-E reactivity (Figure 35 and Figure 36). Therefore, crosslinking of the 

F4/80 molecule by the naturally dimeric galectins, could mediate signal transduction events that 

initiate m<f) physiological responses such as IL-1 production. 

As already mentioned in Section 4.3.3, CS can serve as a ligand for the heparin binding 

domain of fibronectin. The CS modifications of CD44 have been proposed to mediate ECM 

interactions of lymphocytes in tissues following extravasation (217). The F4/80 molecule could likely 

to serve a similar role in directing macrophage and DC tissue localization. Leukocyte circulation and 

localization is likely to be a complicated process (179), with the F4/80 molecule perhaps tailoring the 

system to suit the requirements of macrophages and DCs. 

Studies of CD44 have also demonstrated an additional role for carbohydrates and GAGs on 

glycoproteins. CD44 exists in three activation states with respect to its HA binding: inactive, 

inducible, or constitutively active (203). Two recent reports demonstrated that removal of the N -

linked carbohydrates, removal of the SAs, and removal of the CS moieties could each convert CD44 
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from a non-binding state to a constitutively active HA binding phenotype (204,205). Although no 

differences in the post-translational modifications of the F4/80 molecule between PECs and m<j> cell 

lines were observed, modulation could potentially occur in vivo depending on the site of localization 

or the state of m<|) or DC activation (387,388). 

The general molecular considerations of F4/80 molecule function also have functional 

meaning for DCs and m(j>s. The migration and tissue localization of DCs and m<J>s in response to 

certain biological responses was outlined in sections 1.2.3.2 and 1.3.1.2. Perhaps the F4/80 molecule 

assists in directing cell migration and helps establish the location of resident mfys and LCs via cell-cell 

or cell-ECM interactions. The down-regulation of the F4/80 molecule following activation, could 

permit other cell membrane proteins to dictate cell-cell interactions and subsequent migration and 

localization. The involvement of numerous cytokines, including those of the chemokine family, in DC 

and m(|) functions is also clear (389). If the F4/80 molecule fulfills a receptor function, it could 

mediate cytokine responsiveness in resting DCs and mfys and which is no longer required following 

activation. 

The function of the protein component of the F4/80 molecule has not yet been resolved, but it 

is intriguing to consider that the molecule's post-translational modifications may determine and alter 

the molecule's function. The functions suggested by the post-translational modifications that are 

demonstrated here will now provide a direction in the search for the function of the F4/80 molecule. 

Ultimately, the biology of m<j>s and DCs will also be further clarified as the role of F4/80 in cell-cell 

adhesion, cell migration, cytokine responsiveness, or other functions is discovered. 
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5. GENERAL CONCLUSIONS AND PERSPECTIVES 

5.1 CD45 

The isoform expression and function of CD45 in non-lymphocytes is an area of research 

open to much exploration. The work described in this thesis was designed to begin the 

investigation into CD45 expression and function in DCs and m<j>s. The most significant findings 

from this research were the expression of only the CD45R0 and CD45RB isoforms by murine 

DCs (Figure 12 to Figure 14) and the demonstration of functional PTP activity of CD45 isolated 

from DCs (Figure 17) .The comparison of DC and mfy CD45 revealed that m(J>s also primarily 

express CD45R0, but can express isoforms with exons A and B depending on the mfy source 

(Figure 18 and Figure 19). M<J> CD45 is also a functional PTP, similar to the activity obtained for 

DC CD45 Figure 20). 

The specific functions of DC and m<j> CD45 remain to be elucidated, but the current level 

of knowledge is not unlike that for CD45 in lymphocytes a few years ago. As is often the case, 

the work in this thesis demonstrating PTP activity of DC and m<J> CD45 is being complemented 

by other research. Several groups have utilized crosslinking of CD45 alone or co-crosslinking 

with other molecules, to implicate CD45 in certain cellular function including FcyRII signaling 

(322), FceRI signaling (127,307), and IL-6 production (352). The Fc receptor signaling is not an 

unexpected pathway for CD45 involvement since proteins with ITAM motifs are involved in 

these receptor complexes (351). The induction of IL-6 secretion is perhaps the first of many new 

roles to be discovered for CD45 in non-lymphoid cells. 

Whereas T cell and B cell kinases are well characterized, the kinases expressed by DCs 

in particular are not identified. An enumeration of the candidate kinases in DCs will be a 
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significant goal in pursuing the understanding of DC signal transduction. The approach to this 

goal is now feasible that DCs can be cultured in vitro to produce pure populations of DCs, DC 

cell lines have been produced, and purification methods for isolation of DCs have been improved 

(72,110,134,344,345). PCR with oligos to the unique regions of src family kinases and other 

known kinases should be able to systematically identify kinases expressed in DCs. The use of 

degenerate oligos to conserved regions of kinases could also PCR amplify kinases which are 

specifically expressed in DCs (390). Of course, the importance of kinase identification will 

extend beyond determining potential substrates for CD45. Kinases may also be involved in the 

signals governing DC maturation, DC migration, and the phenotypic change following antigen 

encounter. Since all of these processes are controlled by cytokines (see Section 1.2.3.2), the 

downstream involvement of kinases in signaling is quite likely (391). If DC-specific kinases are 

identified, these could be targets for DC-mediated immunotherapy. For example, if kinases 

control constitutive macropinocytosis, interfering with kinase activity could prevent the 

acquisition of autoantigens in clinical conditions such as arthritis. 

The most likely involvement for CD45 in DCs in vivo, appears to be via FceRI. The in 

vitro PTP activity demonstrated in our hands (Figure 17), may be involved in FcReRI signaling 

in intact DCs (127,307). If DCs are truly involved in the allergic response, interfering with DC 

activity could be of critical importance. Although FcyR receptors are also expressed on DCs, 

the lower expression level and downregulation of FcyRs indicate a less important role for FcyRs 

in DCs. M(|>s are more dependent on their FcyRs for engulfing bacteria, endocytosing proteins, 

and destroying infected cells. The evidence to support a role for CD45 in FcyR signaling is 

mounting, raising the prospect of modulating m<j> function by interfering with CD45 function. 
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The other major focus of DC and m<j)s CD45 research will be the identification of ligands 

for the CD45 extracellular domain. The restricted CD45 isoform expression of m<j>s and DCs 

primarily to CD45R0 with some CD45RB and RA could suggest that these isoforms are 

integrally involved in CD45 function. CD45R0 on thymocytes has been suggested to be a 

galectin-1 ligand whereas CD45RB is not (194). Since galectins recognize carbohydrate, the 

CD45R0 specificity may be through isoform specific glycosylation. Other lectin-like molecules 

such as the selectins may also have specificity for CD45 glycoforms. CD22 will clearly bind to 

CD45, but this is not isoform specific and depends on the a2,6 linked SA on CD45 (171). In 

order to address the nature of CD45 glycoforms from cells varying from T cells to DCs and 

m(j)s, a systematic assessment of CD45 glycosylation must be undertaken. The use of sequential 

lectin chromatography, enzymatic digestion with glycosidases, and NMR studies may reveal the 

structural requirements for recognition by carbohydrate binding proteins. Differences in 

glycosylation between cell types and cell location may also permit the selective modulation of 

specific cell types by utilizing soluble carbohydrates to disrupt interactions. The identification of 

isoform specific ligands which will recognize the CD45 protein core, is still a possibility. The use 

of recombinant CD45 to identify these ligands will still need to consider the effect of 

glycosylation on protein structure. Therefore, the host cell for recombinant protein production 

will need to be carefully considered. 

The limited expression of CD45RA and RB on m$s and CD45RB on DCs, suggests that 

these isoforms may also be of importance. As discussed in Section 3.3.1, the isoforms may be 

involved in molecular interactions within the cell membrane rather than between cells. A direct 

assessment of this hypothesis in m<f>s and DCs is now warranted and feasible. If interactions 

between the CD45 isoforms and molecules such as LFA-1 and CD4 or 8 (314,315) also exist in 
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md>s and DCs, this will provide new information on the function of these interactions in the 

absence of a TcR/CD3 complex. Conversely, if CD45 does not associate with other molecules in 

DCs and m<|)s, the role of the TcR/CD3 complex in nucleating these interactions may be even 

more intriguing. 

The identification of CD45 isoforms on DCs is also important for researchers modulating 

the IR with anti-CD45 mAbs. Different reports have described the use of various anti-CD45 

mAbs, including anti-CD45RB, to affect IRs such as transplant rejection (392-394). The key 

role that DCs play in the IR, indicates that the observed effects may be due to DC modulation 

rather than only memory T cell modulation. The work reported in this thesis should therefore 

alert other researchers to assess the use of anti-CD45 mAbs in affecting T cell responses with 

DCs and T cells in mind. 

The use of gene knockout mice has provided an invaluable tool in assessing the 

physiological role of specific proteins. The CD45 knockout mice (306) would be a valuable tool 

for the continued investigation into the role of CD45 in DCs and m(J>s. If myeloid development 

from hematopoietic precursors is dependent on CD45 (341), CD45' mice should exhibit 

deficiencies in DC and m<|) populations. If CD45 is important for DC or mty migration, this 

should be evident by monitoring DC migration following skin painting with antigen (395) or mty 

migration into the peritoneum after injection of eliciting agents (174). If DCs are present in the 

CD45 knockout mice, the effectiveness of DCs in stimulating T cells could be addressed by 

comparing a primary MLR with stimulator DCs from CD45" or CD45+ mice. 
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5.2 The F4/80 molecule 

The enigmatic nature of the molecule recognized by the F4/80 mAb is clarified 

substantially by the molecular characterization described in Chapter 4 of this thesis. The eventual 

cloning of the cDNA for this molecule, will provide a complete picture of the molecule's 

molecular nature. 

Regardless of the nature of the F4/80 molecule's protein core, the extensive post-

translational modifications provide important structural information and imply several potential 

functions for the F4/80 molecule as discussed in Section 4.3.7. The extensive N - and O-linked 

glycans of the F4/80 molecule may act as ligands for any of the recently described carbohydrate 

binding proteins including galectins, selectins, and CD22. The CS modification could also serve 

as a ligand for CD44. Another potential implication of the CS moiety, is the role of the F4/80 

molecule as a cytokine receptor, with the CS moiety serving to concentrate the ligand prior to 

specific binding (222). With these potential functions in mind, there are numerous future 

experiments to test these hypotheses. 

If the post-translational modifications of the F4/80 molecule do control function, the 

modifications may change depending on the m<|)/DC location, state of maturation, or state of 

activation. At present, variation in F4/80 molecule modifications not been detect, but the 

methods typically addressed the qualities of the entire F4/80 molecule pool. An approach such as 

sequential lectin chromatography would differentiate between subpopulations of molecules that 

differ in their glycosylation. This approach was successful in identifying 8 glycoforms of Thy-1 

in rat thymocytes (157). Isolation of glycoforms of the F4/80 molecule would permit their 

structural characterization and comparison between different tissues as was done for Thy-1. 
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Variation of the F4/80 molecule glycosylation could modulate the ligand structures involved in 

galectin, selectin, or CD22 binding. For example, galectin-CD45 interactions appear important 

for cell-cell binding between thymocytes and epithelial cells (194). Thymocytes appear to 

modulate the expression of core 2 01,6 GlcNAc transferase which is instrumental in forming the 

galectin-1 ligand structure. The glycosylation could also affect the protein's function as 

demonstrated for CD44. By removing SA, N-linked carbohydrates, or CS chains, the CD44 

affinity for HA is activated to constitutive from a non-binding phenotype (204,205). If the F4/80 

molecule serves as a growth factor receptor, the CS chain may be critical for concentrating the 

ligand (222). Control of receptor activity could be modulated by not adding the CS moiety to 

the F4/80 molecule to reduce affinity for the growth factor. The CS does not appear to be added 

to all F4/80 molecules (Figure 42), although this point requires further investigation. Therefore, 

even the molecules on the same cell may display different functional capabilities with and 

without a CS modification 

Another aspect of interest could be the residual SO4 labeling following chondroitinase 

ABC digestion (Figure 40). Although 93% is removed by this enzyme, the remaining 7% may be 

sulfation via Tyr or O-linked carbohydrates, or simply incomplete chondroitinase ABC 

digestion. However, testing for Tyr sulfation is worthwhile given its importance in adherence 

(183,184) and proteolytic processing (213). 

In the absence of a cDNA for the F4/80 molecule, the most reliable approach to ligand 

identification will be to utilize recombinant proteins of the potential carbohydrate binding 

proteins, the galectins, selectins, and CD22, in addition to CD44. Fusion proteins of these 

potential F4/80 binding proteins can be produced in large quantities and coupled to Sepharose at 

high concentration. This will allow the detection of lower affinity interactions which are 
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common when attempting to detect monomelic interactions as opposed to the observed affinity 

if the ligand can cap in a cell membrane (175). The binding of CD44 to CS appears to require 

only one CS chain (216) which suggests that the F4/80 molecule is a good candidate for a CD44 

ligand. To address this possibility, a fusion protein of the extracellular CD44 domain linked to 

the I g d Fc region was made. The recombinant CD44-Ig construct has been sequenced and 

expressed. The CD44-Ig appears to be properly expressed and will be evaluated for binding to 

F4/80 following the completion of this thesis. We are also attempting to obtain or construct 

recombinant CD22 to test for binding to the a2,6 SA of the F4/80 molecule (Figure 34), 

recombinant galectins to determine if galectins bind to the N-acetyllactosamine structures of the 

F4/80 molecule (Figure 35 and Figure 36), and recombinant E and P- selectin molecules to 

determine if the F4/80 molecule's extensive glycosylation serve as selectin ligands (Figure 32 

and Figure 33). 

If a cDNA sequence for the F4/80 molecule is obtained, new avenues for investigation 

will become available. A recombinant F4/80 molecule could be used to positively select for 

ligands by affinity chromatography or COS cell expression systems. These approaches do not 

require the preselection of potential ligands and therefore may identify ligands not predicted by 

the F4/80 molecule carbohydrate additions. The production of a recombinant F4/80 molecule 

should be carried out in a mty cell line to preserve the natural glycosylation and GAG addition. 

The cDNA for the murine F4/80 molecule will also provide an immediate tool to 

evaluate the existence of F4/80 homologues in other species. In particular, the identification of a 

human F4/80 molecule could provide a m<|>/DC-specific tool for drug delivery or m<|>/DC-

mediated modulation of the IR. In addition, the cDNA will allow for the isolation and 

characterization of the gene's promoter element. This will provide insights into the control of 
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gene expression in m<J)s and DCs. The long term goal for these promoter/enhancer elements is to 

utilize them to drive expression of heterologous DNA segments in vitro or in vivo in transgenic 

mice. The genes to be expressed could include the diphtheria toxin A gene to produce mice ablated of 

DCs and mfys lineages (396). Depletion of DCs would provide an invaluable system for assessing the 

in vivo effect of continual DC depletion on T cell tolerance, transplantation rejection or acceptance, 

anti-viral response, and anti-tumor response. The only DC depletion model system described to date, 

does not appear to be entirely DC-specific and results in a short time span (ca. one week) for 

phenotypic evaluation of the mice (397). Other constructs could contain antisense constructs (such 

as MHC class I) to evaluate a specific protein's function in DCs and m<j>s, or potentially, cytokine 

genes to further modulate IR. These are relatively long term goals which are now attainable in the 

present context of knowledge and technology. 

5.3 Final Comments 

The unique functions of DCs and the critical controlling role that DCs exert over the immune 

system, has driven the research described in this thesis and the research of many scientists around the 

world. The description of DCs in Section 1.2.3.2 is largely a product of the past 5 years of research. 

The technical challenges of limited DC number have been overcome by sensitive techniques and the 

development of DC culture systems and cell lines to provide an emerging picture of DCs at a 

molecular level. By identifying molecular mechanisms that control DC development and function, 

methods for DC-based immunotherapy are now a reality. The areas for intervention are extremely 

diverse, but include inducing an anti-tumor or anti-viral IR, improved methods for vaccination, 

reduction of transplant rejection, reduction of allergic responses, and the control of autoimmunity. 

The characterization of DC and m(J> CD45 and the F4/80 molecule will provide yet another two 
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aspects of DC and m4> biology which can advance our understanding of these cells' basic functions. 

These molecules could also potentially serve as therapeutic or experimental targets for DC 

modulation as described in the previous sections. 

The characterization of both CD45 and the F4/80 molecule has also emphasized the 

importance of carbohydrates in assessing a molecule's function. The further characterization of these 

proteins' carbohydrates will almost certainly be involved in the characterization of their physiological 

ligands. Further challenges such as optimization of delivery and carbohydrate presentation will be 

involved in applying the new knowledge of carbohydrate ligands to clinical situations, but 

carbohydrate-based drug development is already well into clinical trials (398). 

It is clear that scientific endeavors have been distanced from the realm of demonology, but 

there will never be a time when we can rest and declare that all is done. The challenge of scientists in 

the next years is to raise the level of knowledge of the entire biological system to finally permit the 

utilization of the new found molecular and biological data to assist at a clinical level. In this context, it 

is perhaps worth emphasizing that these clinical applications will only be attained if research and 

enthusiasm for discovering the basic mechanisms of biology are retained. 
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6. ABBREVIATIONS 

p2m P2-microglobulin 
2-ME 2-mercaptoethanol 
ADCC antibody dependent cellular cytotoxicity 
APC antigen presenting cell 
ATCC American Type Culture Collection 
ATP adenosine triphosphate 
BCG bacillus Calmette Guerin 
bFGF basic fibroblast growth factor 
BSA bovine serum albumin 
C-type lectins Ca** dependent carbohydrate binding lectin 
C 8Glc octylglucoside 
cLCs cultured Langerhans cells 
CLIP class II Ii peptide 
CS chondroitin sulfate 
CTL cytotoxic T lymphocyte 
DC dendritic cell 
dCTP cytosine triphosphate 
DEA diethylamine 
DNA deoxyribonucleic acid 
DOC deoxycholate 
DS Datura stramonium lectin 
DTSSP dithiobis(succinimidylpropionate) 
DTT dithiothreitol 
ECL enhanced chemiluminescence 
E C M extracellular matrix 
EDTA ethylenediaminetetraacetic acid 
EGF epidermal growth factor 
EndoH Endoglycosidase H 
ER endoplasmic reticulum 
FACS fluorescence activated cell sorter 
FBS fetal bovine serum 
FITC fluorescein isothiocyanate 
fLCs freshly isolated Langerhan cells 
FUC fucose 
GAG glycosaminoglycan 
Gal galactose 
GalNAc galactosamine 
GITC guanidinium isothiocyanate 
Glc glucose 
GlcNAc glucosamine 
GM-CSF granulocyte-macrophage colony stimulating factor 
GPI glycosylphosphatidylinositol 
HA hyaluronic acid 
HEPES 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid 
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HEV high endothelial venule 
IEF isoelectric focusing 
IFN interferon 
Ig immunoglobulin 
Ii invariant chain 
IL interleukin 
IR immune response 
ITAM immunoreceptor family tyrosine-based activation motif 
kDa kilodalton 
LC Langerhans cell 
LDL low density lipoprotein 
LMP low molecular weight protein 
LPS lipopolysaccharide 
mAb monoclonal antibody 
M<|> macrophage 
Man mannose 
MAP kinases mitogen activated protein kinase 
MHC major histocompatibility complex 
MIIC major histocompatibility complex class II containing compartment 
MLF mean linear fluorescence values 
MLR mixed lymphocyte reaction 
NDV Newcastle's Disease Virus 
PAGE polyacrylamide gel electrophoresis 
PBS phosphate buffered saline 
PCR polymerase chain reaction 
PECs peritoneal exudate cells 
PHA-E Phaseolus vulgaris erythroagglutinin 
PHA-L Phaseolus vulgaris leukoagglutinin 
PITC phenylisothiocyanate 
PKA protein kinase A 
PKC protein kinase C 
PMSF phenylmethylsulfonylfluoride 
PNGase F peptide-N-glycosidase F 
PPD purified protein derivative of Mycobacteria 
PTP protein tyrosine phosphatase 
PVDF polyvinylidene difluoride 
RCA Ricin communis agglutinin 
RNA ribonucleic acid 
RPMs resident peritoneal macrophages 
RT-PCR reverse transcriptase-polymerase chain reaction 
SA sialic acids 
SA-HRPO streptavidin-horseradish peroxidase 
SDS sodium dodecyl sulfate 
SF superfamily 
slg surface Ig 
sNHS-biotin sulfo-N-hydroxy succinimide biotin 
TAP transporter associated with antigen presentation 
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TCA trichloroacetic acid 
TcR T cell receptor 
TdT terminal deoxynucleotide transferase 
TFA trifluoroacetic acid 
T h 

T helper 
TNF-a tumor necrosis factor-a 
Tris Tris(hydroxymethyl)aminomethane 
Xyl xylose 
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