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ABSTRACT

In Lewis rats, experimental autoimmune encephalomyelitis (EAE), an inflammatory
disease of the central nervous system (CNS) with minimal demyelination, is initiated
by myelin basic protein (MBP)-specific T cells, recognising MBP associated with MHC
class II molecules (la) on the surface of antigen presenting cells (APC).
An experimental system has been developed using APC preparations, enriched with
macrophages (MO) or dendritic cells (DC) to compare antigen processing and
presentation of the auto-antigen, rat MBP, with a foreign protein, ovalbumin (OVA).
After incubation with antigen-pulsed APC, T cell activation was assessed by either
lymphoproliferation of MBP- or OVA-sensitized lymph node cells or cellular transfer
of EAE in the case of MBP-sensitized splenocytes. MBP-sensitized lymph node cells
from Lewis rats were stimulated by DC, but not by MO, pulsed with MBP. In contrast,
OVA-sensitized lymphocytes did not respond to OVA-pulsed DC unless the protein
was first processed by macrophages. Antigenic activity in macrophage-processed OVA
eluted from Sephadex G75 at apparent molecular weights of about 43 kDa and 1.5
kDa. These results suggest a need for co-operation between MO (highly phagocytic
and la ) and DC (less phagocytic and Ia+) in the presentation of OVA, but not for
MBP.
Pulsing DC simultaneously with MBP and processed OVA at a molar ratio of 1:2.5
and 1:20, progressively inhibited the ability of DC to activate MBP-specific T cells for
EAE transfer. Unprocessed ovalbumin, which cannot be presented immunologically
by DC, was much less effective. OVA also blocked the active induction of EAE when
mixed with MBP in the sensitizing inoculum. Thus, MBP and OVA can compete for
binding to la on Lewis rat APC both in vitro and in vivo. Initiation of EAE requires
presentation of endogenous MBP by APC within the target organ, ie, the CNS.

Accordingly, attempts were made to suppress EAE in the recipients of MBP-activated
splenocytes by intra-cerebroventricular (icv) injections of OVA and preliminary data
show that EAE was suppressed.
Finally, cellular transfer of MBP-activated splenocytes into rats immunized with a
myelin glycoprotein fraction was used to develop a new model of EAE with
substantial demyelination to relate it more closely with the human demyelinating
disease multiple sclerosis.
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CHAPTER 1

INTRODUCTION
1.1 The immune response: a historical background:
The ability to discriminate self from non-self is a hallmark of the immune response.
Until about thirty years ago, the strong view held in the field of immunology was that
antigens entered a cell which had the potential to make antibodies (review by
Benacerraf, 1981). It was suggested that the antibodies produced by the cells were of
specificity complementary to that of the antigen. Wellensiek and Coons (1964)
described antigens in blasts and plasma cells isolated from animals undergoing a
secondary response. However, it was soon demonstrated by various groups that
antibody-secreting cells contained very little if any antigen at all (Nossal et al, 1965;
McDevitt et al, 1966; Humphery et al, 1967). Using radiolabelled antigens, these
workers also showed that the antigen was localized within macrophages. This finding
led to studies of the role of macrophages in handling antigens. Some of these studies
were concerned with the degradation of antigen by macrophages and the term "antigen
processing" came into use (Humphrey et al, 1967).
Discovery of major histocompatibility complex (MHC) proteins and genes in the
1960’s and 1970’s generated great interest in their role in antigen presentation
(McDevitt & Chintz, 1969; Katz et al, 1973; Zinkernagel and Doherty, 1974). A
breakthrough in the understanding of presentation by accessory cells came from the
studies of Rosenthal and Shevach (1973), which indicated that the MHC was involved
in the interaction between macrophages and T cells.

1.2 Maior histocompatibility complex (MHC):
The linkage of immune response (Ir) genes to H-2 observed by McDevitt and
Chinitz (1969) and the mapping of these genes to a new region of the murine MHC,

the I region, indicated the importance of MHC molecules in immune recognition
(Benaceraff and McDevitt, 1972). The contribution of MHC molecules to T cell
specificity remained obscure for many years until Rosenthal and Shevach in 1973 and
Zinkernagel and Doherty in 1974 documented the MHC restriction of T cell
specificity for class II and class I MHC molecules, respectively. Rosenthal and Shevach
demonstrated that antigen-specific T lymphocytes could only respond to antigen
presented by syngeneic antigen presenting cells. Similarly, Zinkernagel and Doherty
(1974) showed that virus-specific cytotoxic T cells were only capable of lysing infected
target cells bearing class I MHC antigens. Similar MHC class II restriction for T-B
lymphocyte interactions were demonstrated by Kindred and Shreffler (1972) and Katz
et al, (1973). As a result of these valuable contributions it is now generally recognized
and accepted that Ir genes are class II MHC genes and that the differences in
responsiveness between strains are attributed to the extensive MHC polymorphism
(for review see Benacerraf 1981).
1.2.1 Class I and Class II MHC molecules:
The MHC codes for two families of cell surface glycoproteins termed class I and II
as described above (reviewed by Bell et al, 1985). Class I molecules are composed of
two chains, a heavy chain of approximately 44 kDa and a small peptide beta-2
microglobulin of 15 kDa. Class I molecules are usually present on all cell surfaces and
include classical transplantation antigens. Class II molecules or la molecules are
heterodimers of 34- and 28-kDa chains. They are found mainly on the surface of
macrophages (Zeigler and Unanue, 1982), B cells (Kriger et al, 1988; Kosco et al,
1988) and dendritic cells (Nussenzwieg and Steinman, 1980; Inaba and Steinman,
1985; Knight et al, 1985a). Early studies from various laboratories demonstrated that
efficient recognition of an antigen by T cells was dependent on autologous macro
phages presenting the antigen. T cells failed to respond to macrophages bearing

different MHC class II alleles (Steinman et al, 1979; Werdelin et al, 1988; see also
review by Werdelin, 1987). McDevitt and Benacerraf (1969 & 1972) showed that
MHC molecules are highly polymorphic with each locus comprising 20 to 50 alleles;
in each species several loci encode different MHC class I and II molecules (see also
Lechler, 1988). They also found that responses to synthetic peptides of relatively
simple structure (random copolymers made of one to four amino acids) varied
between inbred strains of animals. Some responded strongly while others very weakly.
These differences were best shown with inbred strains of mice that differed in all or
part of the MHC and the responsiveness was mapped to H-2 and to a region termed
I, later found to code for MHC class II molecules expressed on the APC.
Whereas class I MHC glycoproteins interact with a specific receptor on CD8-positive
cytotoxic T lymphocytes, class II (la) molecules react with receptors on CD4-positive
helper T lymphocytes. Recognition of antigen in context of class I results in the death
of the cell displaying it, while antigen-class II complex induces lymphokine secretion
and proliferation of the CD4-positive T cells and the amplification of the immune
response to the particular immunogen. Normally, class I MHC-restricted cells kill cells
infected with viruses. Because virtually all cell types express class I MHC molecules
any infected cell can be a target for cytotoxic T cells. Class II MHC-restricted helper
T-cells, on the other hand, respond to B cells, macrophages, dendritic cells or other
antigen presenting cells (APC) which have internalized protein antigens. It is this class
II-restricted phenomenon which will be discussed in this Introduction in more detail.

1.3 Antigen processing - early studies:

Gell and Benacerraf (1959) noted that the cellular immunity mediated by T cells,
was directed to denatured and unfolded antigenic determinants, whereas the epitopes
on the same antigen recognized by antibodies were determined by the tertiary

structure of the intact antigen. This early observation has been fully confirmed
subsequently. Recognition by T cells differs from that by antibody in various ways. T
cells possess an antigen specific receptor that recognises a bimolecular ligand
composed of foreign antigen and self class I or II on the surface of antigen presenting
cells, whereas antibodies bind only an epitope of the antigen itself (Blackman et al,
1986; Allen, 1987). With the elucidation of structures of MHC molecules (Bjorkman
et al, 1987; Brown et al, 1988) and detailed analysis of diversity in T-cell receptor
genes together with its sturctural features of immunoglobulin (Blackman et al, 1986;
Davis and Bjorkman, 1988), it has become clear that MHC molecules can accomodate
only small epitopes which may represent only a very small portion of the initial
antigen. Thus, a critical prerequisite for a protein region to function as a T cell
antigenic determinant appears to be its capacity to associate specifically with the
antigen-binding site of a self-MHC molecule. Therefore, increasing attention has been
paid to understand the form of antigen or antigen peptide actually involved in the T
cell recognition process.
Pioneering work by Zeigler and Unanue (1981) demonstrated that the presentation
of Listeria monocytogenes organisms could be blocked by treatment of the APC with
paraformaldehyde prior to antigen. They showed that APC, which had taken up
antigen for 1 hour and then treated with the fixative, efficiently presented Listeria
proteins. This was followed with the demonstration that antigen presentation to class
II MHC-restricted T cells was an active time-dependent process. It involved an
acidified intracellular compartment whose function was sensitive to drugs like
chloroquine (Zeigler and Unanue, 1982). These results indicated that the antigen seen
by T cells was not intact, but rather degraded or denatured intracellularly presumably
in endosomes and/or lysosomes before being expressed on the surface of APC in a
complex with la molecules (Werdelin, 1983). Direct evidence was provided in support

of this hypothesis by Shimonkevitz et al (1983), who showed that proteins, enzymati
cally degraded in vitro, could be presented by metabolically inactive, class II-positive
APC. Thus, this work achieved for the first time, ’cell-free’ antigen processing through
the use of a proteolytic enzyme. Several other groups reported similar results using
aldehyde and chloroquine treatment (Chesnut et al, 1982; Buss and Werdelin, 1986a).
Using planar membranes containing MHC molecules, Watts et al (1984) showed that
the minimal requirements for T lymphocyte recognition are antigen-derived peptides
and MHC molecules. These discoveries on the basic handling of antigens by
macrophages have laid a foundation for more vigorous research into understanding
antigen processing, antigenic determinants and association of antigen-peptides with la
molecules.

1.3.1 Current concept of antigen processing:

Antigen processing thus represents an important early event in an immune response
and involves a cellular event that results in changes in the native structure of a protein
into a somewhat "altered" or "processed" structure. These changes into a processed
form may involve proteolytic cleavage or unfolding of antigens. This criteria of antigen
processing may also depend on the size and structure of antigens. Antigens including
lysozyme, ovalbumin, myoglobin, cytochrome c, insulin and ribonuclease have been
shown to require some form of processing (Allen, 1987). Interestingly, fibrinogen, a
340kDa protein, does not seem to require processing as fixed or chloroquine treated
APC could present fibrinogen to specific T cells (Allen, 1987). It has been proposed
that there could be at least three types of antigens requiring different antigen process
ing (Fig. 1.1). In Type 1, determinants may be located on a portion of the peptide
chain which has enough conformational freedom in its native form to make good
contacts with la and T cell receptor without being internalized by APC. Human

T ype I

■
A•

Agretope
(la contact residues)

Epitope
(T cell contact residues)

T ype II

Unfolding

>-

T ype III
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Figure 1.1: Classification of antigenic determinants according to their requirement
for processing bv APC: Antigen is either recognized in its native form (type 1), or
unfolded (type 2) or cleaved (type 3) to expose crucial residues for T cell recognition
in context with la molecules. Some antigens (or peptides) may be degraded to the
extent that they no longer remain immunogenic (type 4). Dotted lines represent
disulphide bonds. See text for detail. Modified from Allen, 1987.

fibrinogen appears to an antigen in this category. The immunogenic epitopes of intact
fibrinogen are in an unfolded part of the molecule that has the same plasiticity as a
peptide fragment and therefore can be accommodated into the class II binding site
(Lee et al, 1988). In type 2, determinants may require a peptide chain to be unfolded
for processing to expose their determinants buried in a slightly more complicated
manner than type 1. Myoglobin and ribonuclease may fall in this category. In type 3,
proteins may require a more vigorous processing which could involve a proteolytic
cleavage to expose determinants needed to form efficient interactions with la and T
cells. Lysozyme, ovalbumin, cytochrome c and insulin have been shown to require
proteolytic cleavage before being presented efficiently (see review by Allen, 1987). A
fourth type of epitopes has also been discussed (Chain et al, 1988 & Fig. 1.1). In this
situation the immunogenic determinants are completely destroyed during in vitro
denaturation presumably in lysosomes and subsequently lose their immunogenic
activity. Insulin (Glimcher et al, 1983), influenza Hemagglutinin (Mills et al, 1986a &
1986b) and recently an immunogenic peptide of cytochrome c (Fox et al, 1988) which
appear to have conformational epitopes, have in fact been shown to lose its
immunogenic determinants after processing in vitro.

1.3.2 Where does processing take place ?

Despite considerable research on antigen processing, a precise location, within an
accessory cell, where this process can take place has not been identified. However, it
is accepted that this location may vary depending on size and conformation of
antigens (see reviews by Berzofsky et al, 1988; Harding et al, 1988; Long, 1989).
After a nonspecific absorption of the protein a pinocytic vacuole is formed by
invagination of plasma membrane. This vacuole travels towards the lysosome (see Fig.
1.2). It is not clear whether there is a direct fusion of pinocytic vacuole and lysosome
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Fig. 1.2: Models for the handling of a large protein antigen by macrophages: The
protein antigen (Ag) adsorbs to the plasma membrane of the cell and is ingested by
pinocytosis. Breakdown can either take place in endosomes or lysosomes. Pathwav1* endosomal processing with binding to la presumably in the endosomes and
expression on the surface. Pathwav-2. Antigen and la migrate towards the interior of
the cell. Acid environment in endosome may interact with lysosomes and this may
trigger breakdown of antigen due to action of enzymes with acid optima. Some of the
fragments bind to la molecules and Ia-Ag complex are recycled to cell surface.
Pathwav-3. after Ag is fragmented either in endosomes or in lysosomes, most of the
antigenic peptides (or fragments) are released out of the cells. These fragments may
bind la on the surface of the same cell or be taken up by different APC. Modified
from Werdelin et al, 1988.

or whether the pinocytic vacuole releases its contents to the trans-golgi compartments.
These poorly defined events within the cells, result in processing of antigen.
Somewhere within these compartments, presumably in endosomes, fragmented
antigens associate with la molecules and subsequently return to the surface of the cell
(association between la and antigen is discussed below in section 1.4).
Recently pathways of intracellular traffic involved in antigen processing have been
defined using electron microscopy (Lin et al, 1988; Guagliardy et al, 1990). In the first
study insulin, which reaches the golgi within lh after internalization, recycles (50%)
back to the surface by 4h. On the other hand myoglobin does not return to the surface
within 4h, indicating different processing requirements for different antigens (Lin et
al, 1988). Guagliardy et al, (1990) found that all molecular components required for
antigen processing by B cells, including internalized surface immunoglobulin,
proteolytic enzymes and invariant chains (see below) were present in a peripheral
endocytic compartment. These studies also define an export pathway for class II MHC
molecules and an import pathway for antigen which meet in this endocytic compart
ment. They imply the endocytic compartment could be a site where peptides from
endocytosed antigen can bind la molecules en route to the cell surface for presen
tation to T cells.
Another possibility is that more than one type of accessory cell is involved in antigen
processing and presentation. This possibility will argue for a cellular cooperation in
antigen presentation. In that situation macrophages will break up antigens and release
fragments into the medium. Other cells with less proteolytic activity, like dendritic
cells (DC), which have constitutive la on their surface (Austyn 1987), may pick up
these fragments and associate them with la molecules, either directly or after further
processing before the actual presentation to T cells. This co-operation between cells
is investigated during this thesis.

1.3.3 Molecular participants in antigen processing:

The lysosomes and endosomes as discussed above have been considered to be
important organelles that are responsible for major degradative activity in macro
phages (Zeigler & Unanue, 1981, 1982; Buss and Werdelin, 1986a; Zeigler et al,
1987). Once delivered within these compartments, protein is attacked by endosomal
or lysosomal proteinases (Diment & Stahl, 1985). These comprise a heterologous
population of enzymes with acid pH optima. They include endopeptidases, which
attack the substrate in the middle of the peptide chain, and exopeptidases, which
attack the substrate at the termini and split off one or two amino acids at a time
(Werdelin, 1986; Buss et al, 1986b; Chain et al, 1988 & 1989). In addition to the
lysosomal enzymes, macrophages also contain proteinases in the plasma membrane.
Buss et al (1986) suggested that these proteinases can perform immunologically
relevant degradation of small peptides. The role of proteases in antigen processing has
been studied extensively (Berzofsky et al, 1988).
Antigen processing of some but not all antigens tested by Puri & Factorvich (1988)
was inhibited by various protease inhibitors. Leupeptin and antipane, which inhibit
both serine and thiol proteases, consistently inhibited the response to native proteins
but not to short synthesized peptides (Takahashi et al, 1989; Berzofsky et al, 1988;
Puri & Factorvich 1988). Inhibitors of serine proteases, carboxyl proteases and metalloproteases did not consistently inhibit presentation of
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myoglobin in the system used by Takahashi et al (1989). On the basis of these results
it can be postulated that thiol proteases were necessary for processing of some
antigens which may require different proteolytic steps in order to expose different
epitopes.
A "cell-free" system in which cell membranes and endosomal fractions were used to
process antigen, has also been described (Chain et al, 1988). They demonstrated that

processing of ovalbumin, either by intact cells or cell-free membrane fractions can be
blocked by the aspartyl protease inhibitor, pepstatin. A purified cellular aspartyl
protease, Cathepsin D, was shown to process ovalbumin efficiently in this system.
These results implied that processing of some antigens can take place at the cell
surface or in surface endosomes without going through major degradative activity
within lysosomes.
Events other than proteolysis may be involved in antigen processing. Thus, the
antibiotic, cerulenin has been used to inhibit antigen processing, presumably by its
action on lipid metabolism/lipid modification of proteins at the surface of the APC
(Falo et al, 1987a). A protein synthesis step may be necessary for maintenance of a
labile protein crucial for intracellular processing of antigen (Jenson, 1988). Protein
synthesis inhibitors like cycloheximide, and puromycin blocked the presentation of
native protein molecules but had no effect on APC that had already processed
antigen.
Another advance in the knowledge of antigen processing and presentation was made
with the characterization of invariant chains (Stockinger et al, 1989). Invariant chains
which are non-polymorphic are non-covalently associated with MHC class II molecules
(Simonis et al, 1989). In elegant transfection experiments on L-cells (Stockinger et al,
1989), it was found that invariant chains were required for class II molecules to
present endocytosed antigens. A role for invariant chains was demonstrated clearly by
supertransfection of already I-E positive fibroblasts. These cell lines which were
expressing both la and invariant chains were able to present intact protein, whereas
fibroblasts expressing only la failed to do so. These observations along with others
(Simonis et al, 1989) suggest that invariant chains appear to play a key role in antigen
processing. However, very recently, a report questions the findings of Stockinger et al
(1989) findings and shows that an APC either positive or negative for invariant chain

(by transfection) has no effect on antigen processing and presentation of native
ovalbumin (Peterson & Miller, 1990). Surprisingly, Peterson & Miller (1990)
demonstrated that invariant chain negative cells presented 10-50 times better than the
invariant chain positive cells.

1.4 Interaction of processed antigen with MHC molecules:
A key question which still remains unanswered is the cellular location of MHC
association with processed antigens. It is not clearly established but in general, it does
not appear to occur simply by fluid-phase diffusion at the cell surface, as observed
with exogenously added synthetic peptide on to chemically-coupled la molecules to
planar membranes (Buss et al, 1987a). The favoured possibility for interaction
between la and antigen fragments is that it occurs in the same site where the
processing of antigen takes place (Unanue & Allen, 1987; Lorenz & Allen, 1988b;
Werdelin et al, 1988). Localization of some la molecules with peptides and invariant
chains in endosomal vesicles would partially support this view Guagliardi et al (1990).
On the other hand, the acidic pH of endosomes may still hinder the binding of la and
peptide. In fact, Buss et al, (1986b) demonstrated that association of la and processed
antigen is unlikely to take place in an acidic compartment because this atmosphere
favours dissociation rather than association with peptides. Although, these latter
studies were conducted in an artificial environment of planar membrane with purified
la molecules and synthetic peptides, they suggest that peptide-Ia association is more
likely to occur in an organelle with neutral pH. This possibility of binding of processed
antigen and class II molecules may take place in a more neutral environment of transgolgi (Orci et al, 1987; Lin et al, 1988) has recently been strengthened with the
demonstration of vesicles in this area, strongly positive for class II antigens (Neefijes
et al, 1990). The observation by Neefijes et al, (1990) that there is a considerable

delay in between the arrival of class II molecules in the trans-Golgi reticulum and
the cell surface suggest that they may be retained in these vesicles. This environment
may prove more efficient for the combination of class II molecules with processed
antigen.
It has been suggested that anchoring structures, other than MHC molecules, may
stabilize processed antigen on the cell surface preventing rapid diffusion before it has
had an opportunity to interact with MHC molecules (Falo et al, 1987b). Phospholipase A and phospholipase C are able to abolish totally the antigen-presenting
capacity of antigen-pulsed, fixed cells, to antigen-specific T cells in several antigen
systems while proteases do not have this effect (Falo et al. 1986). These treatments
did not affect the capacity of these cells to stimulate alloreactive hybrid T cell clones.
Phosopholipases are capable of hydrolysing many types of lipid bonds and they do not
distinguish the critical structures to which processed antigen may be bound on the
membrane of APC (Falo et al, 1987b). These studies implied that peptide-membrane
interaction may be independent of MHC molecules. Such an association may provide
a mechanism for the existence of a reservoir of processed peptides capable of specific
and reversible interaction with la molecules before presentation to T cells.
It has been suggested that antigen interacts not only with MHC molecules but with
other structures on the cell surface and the eventual binding of MHC with peptide is
of low affinity (Lakey et al, 1987). However, dissociation of peptides from la has
been shown to vary for individual antigens, ranging from 6 to 24 hours (Buss et al,
1987b; Lakey et al, 1988; Roosnek et al, 1988; Eisenlohr et al, 1988). It is generally
accepted that la molecules act as receptors for a processed antigen or peptides and
may also function as a carrier that protects peptides from further degradation
(Donermeyer and Allen, 1989).
Direct evidence for the association of MHC class II molecules with proteins came

from experiments in which purified la molecules and one of the immunogenic peptides
of hen egg lysozyme (HEL 46-61) were studied in free solution (Babbit et al, 1985).
Immunogenic peptides only bound la molecules of responder and not non-responder
alleles. These studies have been extended further by Grey’s group with synthetic
peptides of ovalbumin, myoglobin, influenza haemaggluttnin and cytochrome c (Buss
et al, 1987b; Guillet et al, 1987). A physiologically-processed antigen of hen egg
lysozyme (HEL) eluted from I-Ed molecules has recently been defined (Demotz et al,
1989). The antigenic peptide corresponded to a previously described antigenic
determinant of HEL (HEL 107-116).
In an elegant study by Sette et al (1987), crucial amino acids of ovalbumin required
for interaction with I-Ad and the T cell receptor have been identified by making use
of single amino acid substitutions. By using an ovalbumin sequence (OVA 323-339)
they have located amino acids which, when substituted, caused significant inhibition
of the binding to I-Ad molecules and proliferative responses of T cell hybridomas. It
is implied also that the TCR recognises amino acids outside the core region and
substitution in that region led to a decrease of T cell activity but the binding to I-Ad
was unaffected. However, there are residues in the core region of ovalbumin which
are shared for both I-Ad binding and for T-cell recognition. Similar studies by Lorenz
et al (1989) have extended these by defining four crucial residues for I-Akbinding and
T-cell stimulation of ribonuclease (RNase) (Phe-46, Val-47, His-48, and Leu-51) and
substituting them onto an unrelated peptide backbone of hemaggluttinin (HA 130144). This chimeric peptide was inactive in stimulating a RNase specific T-cell
hybridoma. However only one additional amino acid residue from RNase peptide,
Val-54, introduced into the HA backbone, resulted in T-cell stimulation equivalent to
that of native RNase (43-56).
Based on these findings it can be deduced that an immunogenic peptide makes

contact with both la molecules and with the TCR via regions termed agretope and
epitope, respectively (Heber-Katz et al, 1983). However, it is also clear from these
studies that some residues involved in la interaction are also involved in T cell
recognition.

1.4.1 Conformational requirements of antigens:

Independent computer analysis suggested that regions with amphipathic (Delesi &
Berzofsky, 1985) and/or alpha-helical or beta sheet (Spouge et al, 1987) propensities
are found frequently within T cell epitopes, but Sette et al, (1989a) showed the first
clear experimental demonstration of conformational requirements of peptides for the
binding to la. For example, introducing prolein and glycine, which are known to
destabilize alpha and beta helices, had no significant effect on the binding to la
molecule and subsequent stimulation of T cells (Sette et al, 1989b). These results
argue against recognition of an alpha-helical structure (Allen et al, 1987b) and suggest
that the peptide may be recognised in a planar conformation, sandwiched between the
TCR and class II molecule. It may be that certain antigens acquire a helical
conformation while others may not, before, during or after binding to class II
molecules. But as these experiments were performed with single peptide antigens,
there is a distinct possibility that la may bind different antigens in a different
conformations, or even that the same antigen may be bound in different conformation,
depending on the MHC. Whatever the outcome, it can be safely predicted that
exposure of la and TCR contact sites f roman antigen (antigenic epitopes/agretopes)
by APC could be termed antigen processing. Association of these epitopes with la on
the surface of APC could be termed antigen presentation.

1.5 Antigen competition:

Further evidence that an la molecule has a single binding site and that the
functional role of la molecules is to interact with antigen came from experiments on
antigenic competition. When two antigens are administered at the same time, one of
r

the antigens may inhibit the response to the others (Wqtielin & Buss, 1983). Antigen
competition can take place at the level of the presenting cell and only among the
peptides that are presented in the context of the same MHC class II molecules
(Babbit et al, 1985). These studies along with results by Buss, Sette and Grey (1986,
1987, 1988, 1989), demonstrate that the peptides (self or non-self) which compete for
the binding to purified la molecules in MHC-restricted manner also competed for
functional presentation to T cells. Since there are no known mechanisms which
distinguish foreign antigens from self proteins at the level of antigen presenting cells
during processing steps, the assumption can be made that the binding requirement of
self proteins to la molecules may be identical to foreign antigens. This information,
combined with the demonstration that APC from normal tissues constitutively present
self-antigens, such as haemoglobin (Lorenz and Allen, 1988a), is evidence that the
recognition of self-antigen and MHC complexes may be involved in immunoregulation. MHC molecules, therefore, seem capable of binding self-peptides as well as
foreign peptides indiscriminately and this may result in competition for la binding. In
fact la molecules have been shown to possess very low capacity (5-20% of the
theoretical) for foreign peptides and this may be because most of the antigen binding
sites are occupied by self peptides (Guillet et al, 1987).
Adorini et al (1988) have demonstrated that in vivo responses of mouse T cells to
HEL can be inhibited by peptides of mouse lysozyme. Adorini et al (1989 & 1990)
also demonstrated the kinetics of interaction between la and peptides under physiolo
gical conditions. These results suggest that, to have consistent binding sites available

for new peptides, an exchange between peptides takes place which requires as little
as 2-6 hours to complete. Thus, MHC molecules can be reused to present antigenic
peptides and peptide exchange can take place during intracytoplasmic recycling of
MHC molecules. The exchange could take place in early endosomes where sorting and
recycling of membrane receptors occurs in a mildly acidic environment (Schmid et al,
1988) or in a more acidic environment as in lysosomes, which may favour dissocia
tion of peptides from la molecules (Buss et al, 1986b).

1.6 Antigen presenting cells:

A complex series of events (as discussed above) is involved in the processing and
presentation of antigenic determinants recognized by T cell receptors. These events
are generally performed by a distinct class of cells called antigen presenting cells
(APC), which are present in most tissues. In most studies, heterogeneous cell
populations from thymocytes or spleen cells or peritoneal exudate cells (PEC) have
been used to present antigens. These cell populations contain not only macrophages,
a cell given roles for both antigen processing and presentation, but also other cells
which have been shown to present antigens effectively (see Table 1.1). It is surprising
therefore, that there is no co-operation established between these cell populations
(Unanue & Allen, 1987; Ada, 1987). Differences between two major APC popula
tions, dendritic cells and macrophages, are discussed below and exploited during the
course of this thesis.

1.6.1 Dendritic cells and macrophages: a comparison:

Dendritic cells (DC) were first distinguished from macrophages by cytologic criteria
(Table 1.2). The criteria have proved applicable to many species (Steinman and Cohn,
1974; Klinkert et al, 1982). Shortly after the discovery of DC it was noted that they

Table 1.1: Antigen presenting cells

Localization

Type

Macrophages

Spleen, thymus, peritoneal cavity (PEC), blood,
lymph node (Unanue & Allen, 1987)

Dendritic cells (DC)

Spleen, lymph nodes, blood (Austyn 1987)

Langerhans’ cells

Epidermis of skin (Stingl et al, 1978)

Veiled cells

Peripheral lymph of afferent lymphatics,
central lymph of thoracic duct (Knight et al, 1982;
Kelly et al, 1978)

Follicular DC

B areas of spleen, lymph node, Peyer’s patch (Klaus
et al, 1986)

B cells

Spleen, blood, lymph node (Chesnut et al, 1981 & 1982)

T cells

Activated (Lanzavecchia et al, 1988)

L cells

Transfected with MHC genes (Stockinger et al.,
1989); inducing la by Y-IFN (Shastri et al., 1985)

Table 1.2: Phenotype of dendritic cells and macrophages - morphology. Data fron
Austyn, 1987.

Property

Cytology

Dendritic cells

Many mitocondria, few
vacuoles and lysosomes
Irregular nucleus

Macrophages

Many pinocytic vesicles
and lysosomes
Oval or kidney shaped nucleus

Cytochemistry
ATPase (Ca++,Mg++)

-

+

Nonspecific esterase

-

+

lacked the main features of the mononuclear phagocyte system, active endocytic
capacities and expression of Fc receptors which could mediate phagocytosis (Table 1.3;
Nussenzweig and Steinman , 1980). DC are characterized by a high level of
constitutive surface la antigens in contrast to macrophages where this is an inducible
trait (Austyn, 1987). Another piece of evidence that DC differ from macrophages
came from their staining pattern with antibodies of the ED series. DC are positive for
ED-1 but not for ED-2 and ED-3 monoclonal antibodies while macrophages are
positive for EDI, ED2 and ED3. ED2 and ED3 recognise membrane antigens while
ED I recognises a cytoplasmic antigen (Dijkstra et al 1985). Despite a very low rate
of pinocytosis (Steinman and Cohn, 1974), DC have been shown to effectively present
unfragmented bacteria (Kaye et al, 1985) and KLH (Chain et al, 1986) in a
chloroquine-sensitive manner. These findings suggest that presentation by DC might
involve some antigen processing, possibly at the cell surface (Chain et al, 1986).
It has been demonstrated that DC are more efficient presenters than macrophages
over a wide range of soluble antigen concentrations, with approximately threefold
more antigen required by FcR+ macrophages to activate the same degree of T cell
proliferation as that induced by DC (Chain et al, 1986; Knight et al, 1985; Macotonia
et al, 1989). Although there are some data to indicate that DC and macrophages may
act in a synergistic fashion for the presentation of antigen for antibody production
(Inaba et al, 1981), there is no direct evidence to suggest that "co-operation" between
these two cell types takes place for T-cell stimulation (Unanue & Allen, 1987; Ada,
1987). Macrophage preparations, highly depleted of DC, do not serve as accessory
cells and may be inhibitory (Klinkert et al, 1982). Both DC and macrophages can
serve as accessory cells in T cell responses to Con A. DC, however, were more
effecient than macrophages in respect of their necessary cell number, Con A dose and
culture period for optimal response (Hirayama et al, 1987).

Table 1.3: Phenotype of Dendritic cells and macrophages: surface antigens. Data from

Steinman et al, 1979, Nussenzweig et al, 1981, Klinkert et al, 1982, Dijkstra et al, 1985
& Austyn, 1987.

Antigen

Leucocyte common

DC

Macrophages

+

+

Class I MHC

+

+ /-

Class II MHC

+

+/-

Fc

-

+

C3b

-

+

T lymphocyte
B -lymphocytes

Cell-specificity:
33D1

+

F4/80

-

ED-1

+++

+
+

ED-2

-

+

ED-3

-

+

H art and Fabre (1981) presented histological evidence that Ia+ dendritic cells are
present in more organs and tissues than previously realized. It is suggested that DC
might play a vital role in immune surveillance or self tolerance (Lorenz and Allen,
1989). A detailed study (Klinkert et al, 1982) on rat DC and macrophages showed that
DC from all sources were mostly nonadherent, non-phagocytic, radio-resistant and
non-specific esterase negative and were strongly Ia+. With the exception of peritoneal
exudate cell (PEC) preparations, the level of accessory activity in a given population
is always found to be a function of the number of dendritic cells. PEC contain nearly
50% Ia+ DC and, this might account for the difference (Knight, personal communica
tion). DC were also required as stimulators of mixed leucocyte cultures, whereas
macrophages were inert.
The efficiency of DC in picking up, retaining and presenting antigen has been shown
by using antigen-pulsed DC to transfer delayed type hypersensitivity (DTH) to naive
recipients (Knight et al, 1985b). Furthermore, fluorescein isothiocynate (FITC) can
be picked up by DC in vivo and these FITC +ve DC were able to stimulate T cells
in a primary response in vitro (Macatonia et al, 1987).

1.7 MHC Class II. T cell recognition and autoimmune disease:
Class II molecules bind peptide fragments of foreign and self proteins and present
these bound peptides to T lymphocytes as discussed in detail above. Ideally, an
effective immune system would be able to respond to any foreign antigen and yet
would remain unresponsive to its own self-antigens throughout life. This immunologi
cal tolerance is believed to be induced during a perinatal period when immature lym
phocytes are exposed to self antigens (Todd et al, 1988).
Studies in normal and transgenic mice have revealed how interaction of TCR with
complexes of appropriate MHC molecules and foreign antigen can lead to increased

cell numbers in the periphery (positive selection (review by von Boehmer et al, 1989).
Conversely, analysis of the distribution of MHC class II antigen (I-E) specific T cells
in normal mice has shown how developing T cells can be deleted from the repertoire
following interaction of TCR with self-antigen-MHC complexes in the thymus
(negative selection)(review by Marrack and Kappler, 1988). How the thymus manages
to turn MHC recognition from providing a positive signal at one stage to a negative
signal at another is not clear at this time.
T-cell dependent autoimmune diseases arise from a breakdown in self-tolerance.
Human diseases like multiple sclerosis, insulin-dependent diabetes mellitus, and
rheumatoid arthritis are class II-associated and T cell dependent (reviewed by Todd
et al, 1988).
Experimental autoimmune encephalomyelitis (EAE), is an inflammatory disease of
the central nervous system (CNS) and has been used as a model to investigate certain
features of multiple sclerosis (MS). It has been clearly demonstrated that EAE is
mediated by helper T cells (Pettinelli and McFarlin, 1981). EAE can be induced by
a monoclonal population of T helper cells specific for the autoantigen, myelin basic
protein (MBP) (Vandenbark et al, 1985; Zamvil et al, 1988; Mannie et al, 1989) and
is prevented or ameliorated by in vivo injection with anti-la antibodies (Steinman et
al, 1981; Sriram & Steinman, 1983;) and a monoclonal antibody against the T cells
of helper subset (Brostoff and Mason, 1984; Walder et al, 1985; Sedgwick and Mason,
1986).

1.8 History of EAE
Shortly after the Pasteur vaccine for rabies virus was introduced in 1885, an
occasional subject receiving the course of immunizations developed an acute
neurological disorder. Later, it became clear that this neuroparalytic complication

was associated with an acute inflammatory process of the CNS, i.e. encephalitis,
myelitis, or encephalomyelitis, and that the disorder was not caused by rabies virus but
rather by the individual’s exposure to, and immune response against the heterologous
nervous tissue in which the virus had been cultured in the process of attenuation. In
early 1930s, Rivers and his team (Rivers et al, 1933; Rivers & Schwentker, 1935)
described an acute disseminated encephalomyelitis which occurred in monkeys that
had received repeated injections of CNS extracts or emulsions. The experimental
disease closely resembled the encephalomyelitis that occurred after rabies vaccination.
In addition, Rivers et al (1933) described demyelination in the vaccinated monkeys
and suggested that immunologic responses to CNS tissue antigens might be related
to the accompanying myelin injury. Building on these observations, Kabat et al (1947,
1949) and Morgan (1947) independently reported that a single injection of whole
homologous or heterologous CNS tissue, combined with adjuvant, induced experimen
tal allergic encephalomyelitis (EAE) in monkeys. EAE was characterised by a variety
of clinical paralytic and histopathological signs, mainly focal areas of intense cellular
infiltration with demyelination within the brain and spinal cord. Experiments on
monkeys developing EAE following sensitization with their own brain tissue by Kabat
and his co-workers provided an argument for excluding sensitization to an infectious
agent as etiologic determinants.
Adams & Kubik (1952) and Wolf et al (1947) and various other studies pointed
towards many similarities between histopathological observations of EAE and those
characterising multiple sclerosis (MS). These studies collectively reinforced the view
that EAE was a useful and meaningful laboratory model for MS and that immune
responses to autologous CNS tissue might well play a role in both diseases.

1.8.1 Animal models of EAE:

The early research on EAE (1930s till 1950s) made important contributions in
establishing EAE as a reproducible model system and a practical, incisive means for
investigating allergic forms of inflammation and injury affecting the nervous system
of animals and man. Animals with EAE developed neurological symptoms of paralysis
and ataxia and histological lesions characterized by perivascular infiltration of
lymphocytes and demyelination (Rivers and Schwentker, 1935). Subsequently it was
shown that the use of complete Freund’s adjuvant (CFA) facilitated this disorder. The
adjuvant when mixed with the CNS tissue enhanced the encephalitogenicity such that
a single injection could produce the acute response within weeks with considerable
consistency (Kabat et al, 1947; Morgan, 1947).
A variety of animals have been used in investigating EAE including monkeys, guinea
pigs, rabbits, rats, mice, dogs, chickens, sheep and goats (see also Kies, 1973). It was
soon noted that the response varied with the species and even between strains within
the same species. For example, in guinea pigs, the Hartley strain and strain 13 seemed
most susceptible, while strain 2 were not. Monkeys and rabbits, while susceptible,
varied significantly from animal to animal in their response. In addition to the
variations from species to species in the susceptibility to developing EAE, it was soon
noted that the species origin of the CNS tissue used to induce the disease was also
crucial. For example, bovine CNS tissue was very weak in its ability to produce EAE
in Lewis rats, whereas guinea pig tissue was potent (Levine and Wenk, 1964).
At present, the species most commonly used for EAE induction are the guinea pig,
rat, mouse and rabbit. Acute clinical signs of EAE reflect intense inflammation
throughout the white matter of the spinal cord with oedema and perivascular
leucocyte infiltrations (Matsumoto and Fujiwara, 1987; Lublin, 1984).
In most adult guinea pigs, CNS/CFA-induced acute EAE results in death within 2-

3 weeks of immunization, due to massive inflammation of the CNS. By contrast,
juvenile guinea pigs generally recover from CNS/CFA-induced acute EAE, but after
a month in remission, develop a chronic or chronic relapsing from of disease. After
3 to 6 months most of them develop a consistent progressive neurological disorder.
These signs are accompanied by large areas of CNS demyelination. Overall, infiltra
tion by leucocytes appears less than in the acute stage, and infiltrates are localized in
certain areas of the CNS (reviewed by Glynn and Linington, 1989).
In the Lewis rats, immunization with CNS/CFA results in an acute paralytic disease
within 11-14 days post-immunization, but with full recovery by 3 weeks post-immunization; relapses in rat EAE models are uncommon (Glynn & Linington, 1989).

1.8.2 EAE as a model of multiple sclerosis (MS):

Most of our evolving insights into the possible mechanisms of MS have been derived
from the study of EAE. Cellular and humoral immunne reactions against a variety of
CNS antigens have been described in EAE as well as in MS (reviewed by Alvord et
al, 1984). A monophasic, acute or spontaneous relapsing - remitting chronic form of
the disease may develop according to the mode of sensitization, genetic background
and age of the animal. Acute EAE presents a pathology similar to acute human
inflammatory CNS disease such as postviral encephalomyelitis. However, the
neuropathological changes in chronic relapsing EAE (CREAE) induced by CNS/CFA
in juvenile guinea pigs are more typical of MS (reviewed by Lassmann, 1983).
In spite of the similarities between chronic EAE and MS, it must be stressed that
there are several aspects which are different in the human disease and experimental
models. Typical chronic MS is a disease with a duration of several years. On the
contrary, even in the most chronic models of EAE, active disease has not been
observed later than a few months after sensitization. EAE is induced in susceptible

strains of animals by active sensitization with CNS antigen. However, in humans the
factors responsible for the disease induction and the persistence of a chronic or
chronic relapsing disease are not known. Therefore, in using EAE as a model of MS,
it must be kept in mind that the etiology of these two diseases are obviously different.
But, the close similarity of clinical and in some cases pathohistological aspects of the
diseases suggest that EAE is a suitable model for the study of the pathogenic factors
involved in the formation of the lesions.

1.8.3 Immunological aspects of EAE:

Transfer of EAE during the 1960’s, first in rats (Paterson, I960,) and later in guinea
pigs (Stone, 1965) and rabbits (reviewed by Paterson, 1976), using suspensions of
dissociated sensitized lymph node cells (LNC) provided the essential evidence that
EAE has an immunologic mechanism. By contrast, EAE could not be transferred with
immune serum (Lisak et al, 1970).

1.8.4 MBP as Eliciting Antigen in EAE:

The encephalitogenic activity of various subfractions of the CNS combined with CFA
was tested. It was shown that the encephalitogenic activity resided in a water soluble
protein fraction that could be extracted from whole brain by treatment with acid (Kies
and Alvord, 1959) or salt (Roboz-Einstein and Henderson, 1959). The factor turned
out to be a highly basic protein (MBP) present in the myelin (Laatsch et al, 1962).
It is of interest that in all species studied so far, the pathogenic T cells activated by
myelin autoimmunization are specific for one protein component of the myelin
membrane: myelin basic protein (MBP).
MBP represents 1% of the total weight of the whole nervous tissue. Evidence now
points to the localization of MBP on the cytoplasmic faces of the apposed oligodendr

ocyte plasma membrane extensions (Braun, 1984). The high basicity of MBP is
thought to overcome the electrostatic repulsion of negatively charged phospholipids
and, hence, facilitates a close apposition of the two cytoplasmic surfaces of the
membranes to form the double layer unit typical of the myelin structure (Fig. 1.3).
MBP is readily extracted from delipidated mammalian brain or spinal cord at acid pH
ranging from 1.0 to 2.5, and can easily be purified by various combinations of gel
chromatography (Norton & Poduslo, 1973; Kies, 1973). MBP is a heat-stable, acidresistant, relatively linear molecule with a molecular weight in the range of 18-20 kDa
in most species (reveiwed by Carnegie & Dunkley, 1975; Martenson, 1984). The
complete amino acid sequences of bovine, human, rabbit, guinea pig and rat MBP
have been defined (see Fig. 1.4; Matrtenson, 1984). Amino acid sequencing reveals
about 170 residues for

MBP preparations derived from nervous tissue of all

mammalian species, except in the case of the rat and mouse. The rat has, in addition
to a 170-residue molecule, a smaller molecular weight species MBP lacking a 40amino acid sequence as/result of deletion near the C-terminus of the 14kDa form
(Carnegei, 1980; see Fig. 1.4). The capacity of MBP in CFA to induce an en
cephalitogenic response in a given species appears to be dictated by species-specific
immune response genes which encode antigen-receptor molecules (la or TCR)
recognising specific MBP sequences (Mannie et al, 1985).
Guinea pig and Lewis rat test models are most often used for characterization of
EAE and encephalitogenic determinants of MBP in these species are by far the most
completely defined. The encephalitogenic determinants responsible for EAE induction
are species specific. That is, different sequences of amino acid residues located at the
unique positions within the MBP molecule are critical for the induction of EAE in
each mammalian species. For example, the 114-122 sequence of MBP selectively
induces EAE in strain 13 guinea pigs; studies with synthetic peptides of the
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appositions. From Chantry, 1989
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Fig. 1.4: Amino acid sequence of mvelin basic protein (MBPL
The full sequence of the human protein is shown in the centre with changes in the
bovine above and rat below. The sequences of the bovine and rat proteins are the
same as those of the human except where substitutions, insertion (1), or deletion (-)
are shown. The residue numbers used in the text refer to the human protein. Chicken
MBP has numerous differences from mammalian MBP, but a number of regions show
only minor changes; these are underlined (from Carnegie, 1980).

encephalitogenic sequence have shown the critical importance of certain of the residue
side chains and their relative position in the sequence (Martenson, 1984).
The encephalitogenic region of MBP for the Lewis rat has been described and
structure-function relationships have been explored by use of fragments prepared by
enzymatic cleavage of MBP and by use of synthetic peptides (Hashim et al, 1978). In
the induction of EAE in the Lewis rat, the greater activity of guinea pig MBP relative
to rat MBP is due to the presence of Ser, rather than Thr at position 82 (Kibbler et
al, 1977). Chou et al (1977) found that the full EAE-inducing capacity of guinea pig
MBP resided in an enzymatic fragment containing the nineteen COOH-terminal
amino acids of a cleavage fragment comprising residues 44-89. Further enzymatic
reduction of 69-89 sequence at either COOH-terminus or the NH2 terminus, resulted
in decrease in encephalitogenic activity. Lewis T cells recognize one dominant epitope
of guinea pig MBP (MBP 68-88), which is presumably ignored by encephalitogenic T
cells from other strains of rats. However, Happ and Heber-Katz (1988) have recently
shown that immunization of Lewis rats with rat MBP as opposed to guinea pig MBP
induced a different population of responding T cells, most notably an encephalitogenic
subpopulation specific for non-68-88 regions of MBP (in 1-37 and 89-169 regions of
rat MBP). They concluded that rat MBP is a multideterminant self antigen and also
that the ability of rat MBP primed T cells to respond well to rat MBP in vitro and
to transfer disease does not reflect the poor immunogenicity of the rat MBP in vivo.
In the mouse, different T cell epitopes are mapped. PL /J mice recognize
preferentially MBP sequence p i- 10 (Acha-Orbea et al, 1988), whereas SJL/J have T
cells that focus on epitopes located within the peptide sequence p89-109 (Acha-Orbea
et al, 1988). In general, both in rat and mouse, the T cell responses against MBP are
focused on single epitopes, or on epitopes clustered within a short peptide sequence
of MBP (Happ and Heber-Katz, 1988).

1.8.5 Current concepts in EAE:

EAE in susceptible strains of animals is a model for CNS-specific autoimmune
disease, which has been very useful in understanding cellular mechanisms involved in
autoimmune reactions, and in addition for elucidating immune reactivity within the
CNS (reviewed by Wekerle et al, 1986).
The model has several features. Apart from being organ specific, the target
autoantigen (MBP) has been characterized in molecular terms. Most importantly, it
has been established that the disease is mediated by T lymphocytes (Pettinelli and
McFarlin, 1981; Ben-Nun et al, 1981a: Vanderbark et al, 1985; Zamvil et al, 1985) and
this immune response is under the strict control of Ir genes localized within the class
II regions the MHC.
The recognition of MBP 68-88 by Lewis rat T cell receptor has been shown to use
a set of TCR variable genes. Like the number of encephalitogenic epitopes of MBP,
the number of variable (V) region genes used for antigen receptor of MBP-specific
T cells is low in rodents. This was first shown in PL /J mouse, where almost all
encephalitogenic T cell lines use the V-beta 8.2 element. In addition most of these
clones express either V-alpha-2 or V-alpha-4 gene product (Acha-Orbea et al, 1988;
Burns et al, 1989).
These recent reports further highlight the pioneering work by Cohen et al (1983),
which showed that protection from disease could be obtained by prior immunization
with either inactivated EAE-inducing T cell lines or clones, while no protection was
achieved from immunization with T cells of irrelevant antigen specificity. This
suggested that a determinant present on encephalitogenic T cells but not on the
general T cell population was inducing protection. Current findings that EAE-inducing
T cells might share an idiotypic marker which is capable of conferring protection
(Burns et al, 1989) are in line with the original observation of Cohen et al, (1983).

Most recently several groups have reported that an anti-TCR (V-beta-8.2) antibody
could indeed modulate EAE in Lewis rats (Owhashii and Heber-Katz, 1988) and in
mice (Acha-Orbea et al, 1988).
It has been discussed recently by various groups that in Lewis rats (Happ and
Heber-Katz, 1988) and in SJL/J mice (Sakai et al, 1988), T cells recognize multiple
epitopes of homologous MBP, which are encephalitogenic. These studies are based
on synthetic peptides and it is therefore, difficult to understand the true nature of
antigen processing and presentation. How multiple epitopes within an intact molecule
(MBP) are displayed for an autoimmune disease in not clear. This raises the question
whether MBP must be "processed" or proteolytically cleaved before it is presented
immunologically to encephalitogenic T cells. If MBP presentation does require prior
antigen processing, inhibitors of processing such as the lysosomotropic reagent
chloroquine may be able to block the T-cells activation and such agents might thus
suppress EAE.

1.9 Aims of study

T lymphocytes recognize antigen in the context of class I or class II MHC molecules.
Within recent years, a few of the molecular details of the interaction between antigen
and MHC molecules have begun to emerge. In most cases, defined antigen can be
mimicked by synthetic peptides or protein cleavage product, provided they are
presented by cells expressing the appropriate MHC phenotype (Barcinski and
Rosenthal, 1977; Townsend et al, 1986). It has been further demonstrated that defined
antigenic peptides can bind in vitro directly and specifically to purified MHC class II
molecules (Babbit et al, 1985; Buss et al, 1986b). However, the precise nature of the
proteolytic event which generates these antigenic peptides in vitro and in vivo is not
known. In Lewis rats, EAE can be induced by immunization with MBP in CFA.

However, it is not known whether MBP needs to be processed before its immunogenic
presentation by Ia+ APC. Ovalbumin, has been shown to require antigenic processing
(Shimonkevitz et al, 1983 & 1984; Buss et al, 1986a). Macrophages have been
attributed to process and present antigens (Zeigler & Unanue, 1981). It has become
clear however that DC, are also very effective in presenting antigens (Austyn, 1987).
The overall aims of this study were to:
1) investigate processing and presentation requirements of a self antigen, MBP and
compare it with a foreign antigen, ovalbumin, in vitro using DC and macrophages:
2) establish the cooperation between DC and macrophages in antigen presentation
of MBP and ovalbumin:
3) understand the biochemical events in antigen processing of MBP and ovalbumin;
do DC and macrophages differ in handling these antigens in vitro?:
4) develop a sensitive experimental system in vitro to understand processing and
presentation of encephalitogenic determinants of MBP in Lewis rat EAE:
5) modulate cell-transferred- as well as actively induced-EAE by immunological
means.

CHAPTER 2

MATERIALS & METHODS

2.1 Animals: Male and female Lewis rats, 6-8 weeks of age, were obtained from
Bantin & Kingman, Hull or Olac Ltd, Leicester, U.K., and used before 15 weeks of
age. Rats of the same sex were used in any one set of lymphocyte donors or
recipients.
2.2 Immunization: Rat myelin basic protein (MBP) (lm g/m l) or ovalbumin
(2mg/ml) in phosphate buffered saline (PBS) were mixed with an equal volume of
complete

Freunds

adjuvant

(CFA),

which

contained

lOmg/ml

heat-killed

Mycobacterium tuberculosis H37Ra (Difco). Rats were injected via a 23 gauge needle
with 0.05 ml of the inoculum into each hind footpad. Spleens were removed after 12
days, and popliteal lymph nodes 8-10 days after immunization.

2.3 Isolation of cells:
2.3.1 Cell culture medium and conditions: Dutch modified RPMI-1640 (Gibco)
supplemented with 10% heat inactivated foetal calf serum (FCS), 100 iu /m l
penicillin, 100 ug /m l streptomycin, 2mM glutamine and 0.05mM 2-mercaptoethanol
(Sigma) was used as a complete mediqm in all experiments unless otherwise stated.
Cells were incubated at 37°C in a 5% carbon dioxide atmosphere.
2.3.2 Preparation of cell suspensions from lvmph nodes and spleens: Rats were
killed by cervical dislocation. Lymph nodes and spleens were harvested under aseptic
conditions, immediately placed in sterile medium and kept chilled on ice. All
suspensions were prepared by pressing the lymph nodes or spleen through a wire grid
using the rubber plunger of a 20 ml disposable

plastic syringe. Cells were then

washed twice in medium using a Sorvall RT600B bench centrifuge at 1200 rpm for

5-10 minutes. After the first wash, cell suspensions were filtered through a sterile fine
nylon gauze to remove tissue fragments. The total cell count and viability of the cell
suspensions were then estimated using a haemocytometer and 0.2% eosin in PBS.
Dead cells stained red with eosin while viable cells remained unstained.
2.3.3 APC depletion from

lvmph node cells:

Lymph nodes from MBP or

ovalbumin-immunized rats (8-10 dpi) were removed and single cell suspensions
prepared as described above. They were then depleted of APCs as follows. Cells (5
x 106/nil; 10 ml) were incubated in 25 cm2 culture flasks (laid horizontally) for 2-3
hours in culture medium supplemented with 20% FCS, to remove predominantly
macrophages by adherence to plastic. Non-adherent cells were gently removed from
flasks and layered on 14.5% sodium metrizamide gradients to remove low density DC
(see section 2.4 for DC separation) and centrifuged for 10 minutes at 600 x g. Cells
from the interfaces (mainly DC) were removed and pellets were used as lymph node
cells (LNC) depleted of APC (LNC - APC).
2.3.4

APC

depletion from

splenocvtes:

Splenocytes from

11-12 days

MBP/ovalbumin-immunized rats were depleted of APC using Sephadex G10 (Sigma)
columns (Panitch and Ciccone, 1981). Sephadex G-10 was soaked in culture medium
(no FCS) for ca. 10 minutes. The columns were made by cutting the top end of
sterile plastic 10 ml pipettes and inserting a tiny amount of sterile cotton wool at the
bottom of the pipettes. Six ml of swollen G-10 was poured in columns and allowed to
settle. Spleen cells (150 x 106 in 3 ml) were applied to each 6ml column. The initial
3 ml plus eluate obtained with an additional 5 ml of complete medium were collected
and used as the APC-depleted population (SPC-APC) in both in vitro and in vivo
assays. Approximately 75 x 106 viable cells were recovered from each column.

2.4 Separation of dendritic cells:
2.4.1 Preparation of sodium metrizamide: A 14.5% (weight/volume) solution of
sodium metrizamide (analytical grade; Nycomed, UK supplier) was prepared in
complete medium. It was sterilized by filtering through 0.2u filters (Millipore) and
kept in 5ml aliquots at -20°C.
2.4.2 Separation of dendritic cells from lvmph node and spleen cell-suspensions:
Dendritic cells (DC) were separated from either splenocytes or lymph node cells from
either immunized or normal rats essentially by the method described by Knight et
al, (1983). The main source of DC for this study was spleens from normal (i.e. non
immunized) Lewis rats. A splenocyte suspension was prepared as described above.
Cells were washed twice at 1200 rpm in the Sorvall centrifuge for 5-10 minutes and
cultured (10 x 106/m l) overnight in 40ml culture medium in 75 cm2 tissue culture
flasks laid horizontally. Non-adherent cells were removed from the flasks by gently
shaking, made up to 10 x 106/m l and were kept chilled on ice until further use.
2.4.3 Layering cells on metrizamide gradient: 3 x 2ml of 14.5% sodium metrizamide
were used for one spleen in 10ml conical plastic (Sterlin) test tubes. Eight ml medium
containing 80 x 106 non-adherent spleen cells were layered onto 2ml of 14.5%
metrizamide in each of 10 ml conical-bottom test tubes. A 10ml pipette attached to
a pipette gun (Arnold R. Horwell Ltd, London) was used for layering the cells and
this was done very slowly to avoid disturbing the interface. The tubes were spun at 600
x g for 10 minutes at room temperature in a Sorvall RT600B centrifuge (2000 rpm).
The mononuclear cells at the interface were collected, washed twice and resuspended
in complete medium.
2.4.4 Separating DC from lvmph node cells: Unlike splenocytes, lymph node cells
were not cultured overnight, but were prepared from donors the day of DC isolation.
The remainder of the procedure for separating DC was as above.

2.5 Separation of adherent macrophages: Spleen cells from normal Lewis rats were
used to separate adherent macrophages throughout the study. Spleen cell suspensions
(10 x 106/m l) were incubated overnight as for preparation of DC (section 2.4). Non
adherent cells were removed by gently shaking culture flasks. Adherent cells were
chilled at 4°C for 2-3 hours and then dislodged by vigorous shaking of flasks or
scraping with a rubber policeman. This cell population was then used as the
macrophage preparation.

2.6 Characterization of isolated DC and macrophages bv immunocvtochemistrv: The
composition of isolated cell populations was estimated by immunofluorescent
immunocytochemistry using a panel of mouse monoclonal antibodies described below.
2.6.1 Anti-Rat leucocyte monoclonal antibodies (MoAbs):
OX-6

(anti-rat MHC class 2)

OX-42 (anti-rat macrophage)
MARM-4 (anti-rat u-chain; i.e.,B cell surface marker)
ED-1

(anti-DC & macrophages; Dijkstra et al., 1985)

ED-2

(anti-macrophage; Dijkstra et. al., 1985)

OX-19 (anti-rat T cells)
All antibodies were bought from Serotec, U.K. and used at 1/200 dilution in PBS
containing 1% bovine serum albumin (BSA).
2.6.2 Immunofluorescent staining of DC and macrophage preparations: Cells (1 x
10s) were incubated with each MoAb in 200 ul PBS/1% BSA/0.1% sodium azide.
Some cells were kept without the first MoAb to serve as negative controls. Cells were
washed 4-5 times in Eppendorf tubes using a micro-centrifuge (5414, Anderman, U.K.)
All groups of cells were then incubated in 200 ul PBS/BSA with a fluorescein
congugate (FITC) of goat anti-mouse immunoglobulin (diluted 1 in 200) for 40

minutes at 4°C. Cells were washed 4-5 times with PBS/BSA and finally resuspended
in 200 ul PBS/BSA. A drop of 50ul was placed on a microscope slide and a coverslip
placed over it. Edges of the coverslip were then sealed with nail polish. Slides were
examined under a microscope (Leitz Dialux 20). At least 100 cells were counted on
each slide. Results were expressed as percent cells positive for a given antibody. Table
2.1 shows the staining pattern of both DC and macrophage preparations (data from
three different preparations is shown). Routinely, between 2-3 x 106 D C were
obtained from one normal rat spleen.

TABLE 2.1: Percentage of DC and macrophage-enriched cells positive for monoclonal
antibodies:

Antibodies

DC

MO

OX-6

82-85%

OX-42

8-10%

70-80%

OX-19

5-11%

17%

ED-1

78-90%

60% weakly +ve

ED-2

1-2%

70%

MARM-4

3-11%

10-12%

30%

2.7 Preparation of processed antigens: Generally, 100 -200 ug/m l of MBP or
ovalbumin were incubated with macrophages (3-6 x 106/m l) for 2-3 hours in complete
medium (2-3 ml) at 37°C. Cells were then removed by centrifugation (600 x g; 10
minutes) and supernatants harvested and used as processed antigens.

2.8

Antigen pulsing:

2.8.1 DC or macrophage pulsing with MBP or ovalbumin: DC and/or macrophages
(5 x 106 /m l) were incubated (2 h; 37°C) with native or processed antigens at
concentrations described in Results. Cells were washed twice to remove unbound
antigens and used as the pulsed antigen presenting population.
2.8.2 Antigen pulsing for antigen competition experiments: DC (5 x 106/m l) were
incubated with either MBP, OVA or a mixture of both for 2 hours. In some
experiments Insulin-A or Insulin-B chains (Sigma) were used as competitors.
Chloroquine (O.lmM; Sigma) was added to all these incubations to prevent antigen
processing at this stage by any macrophages contaminating the DC preparation. DC
were then washed twice and used as pulsed DC. For antigen and competitor
concentrations see chapter 4.

2.9 In vitro lvmphoproiiferation assay: Activation of undepleted or depleted LNC
was assayed in 96-well flat bottom microtitre plates (Flow, U.K.) by incorporation of
3H-thymidine (Amersham International). LNC were cultured with either normal DC,
pulsed DC, macrophages or pulsed macrophages in numbers described in Results. In
experiments where both macrophages and DC were used together in one well, equal
numbers of both cells were present. Indomethacin (O.lug /m l; Sigma) was included
in the culture medium of all experiments involving macrophages to reduce production
of immunosuppressive prostaglandins. All cultures were set up in quadruplicate. Each

well contained a total of 200 ul. Cells were dispensed into the wells using single or
multichannel pipettes. The microtitre plates were incubated for three days. Six to eight
hours before the end of incubation, 25 ul of medium containing luCi 3H-thymidine
was added to each well. The cells were harvested on glass fibre filters (Skatron Ltd.
UK) using a Titertek™ cell harvester (Skatron Ltd. UK). The glass filter was dried at
room temperature or in a warm cabinet. Discs were transferred to scintillation vials.
Toluene scintillant containing PPO (5g/litre) was added and 3H incorporation
measured in a liquid scintillation counter. Data presented for each variable represent
counts per minute (cpm) _+ standard deviation (SD) for quadruplicate cultures.

2.10

Experimental autoimmune encephalomyelitis (EAE):

2.10.1 Active EAE induction: Lewis rats were injected in each hind footpad with
0.05ml of inoculum containing 50ug MBP and 250ug of heat-killed Mycobacteria
tuberculosis H37 Ra (Difco, UK), i.e. with a total of O.lmg of MBP and 0.5mg
Mycobacteria. Animals were monitored daily for clinical signs of EAE that usually
first appeared 11-13 days post-immunization. Scoring was as follows: no signs, 0; limp
tail, 1; weak hind legs, 2; complete hind leg paralysis, 3;. Each data point shown
represents mean daily clinical score (+. SD) of at least three rats.
2.10.2 Transferred EAE: Spleen cells from 11-12 day MBP/CFA- immunized Lewis
rats were depleted of APC as described above (section 2.3.4). Eighty million APCdepleted spleen cells were incubated with either normal or pulsed DC or/and
macrophages for three days in 40 ml complete medium in 250 ml tissue culture flasks.
From each flask, nearly 60 X 106viable cells were recovered. In routine experiments,
50 X 106 cells were injected via a tail vein or intraperitoneally into one naive Lewis
rat. Rats were scored daily for signs of clinical EAE as in section 2.10.1. Each data
point shown represents the mean daily clinical score +_ SD of three recipients.

2.10.3

Demvelinating EAE: Rats were immunized with 50 ug (50 ul) of lentil lectin

glycoprotein (LL-glyco; see section 2.15) mixed with 50 ul of CFA (without extra
Mycobacteria) subcutaneously on two separate sites under the skin. Rats were boosted
twice with the same doses of glycoprotein in Incomplete Freund’s Adjuvant (Difco)
at two week intervals, the last boost being three days before the cell transfer.
Antibody responses were measured using immunoblotting and enzyme linked
immunoabsorbant assay (ELISA) as described in Section 2.19.1. Spleen cells from
MBP/CFA-immunized rats were stimulated with MBP-PDC by using the same
protocol as in section 2.102for normal EAE transfer. After three days cells were
washed and injected into glycoprotein-immunized rats. Clinical signs were observed
as before with an additional score of ">3" for rats which were extremely sick
(complete paralysis) or dead (see Chapter 6).

2.11

Collection of cerebrospinal fluid (CSF) from rats: Catheters were formed from

10-cm lengths of pplO polyethylene tubing (Portex Ltd, Hythe, Kent). Rats were
anaesthetized and catheters were implanted in the cisterna magna of rat brains
(Fig.2.1) using techniques developed by Sarna et al. (1983) at the Institute of
Neurology. These techniques were therefore performed in co-operation with Dr.
George Sarna. Rats in the weight range 170g were anaesthetized with Sagatal (BDH
Chemicals Ltd; 60 mg/kg i.p.), and placed in a stereotaxis frame using ear bars only.
A midline incision was made between lambda and the external occipital crest. Skin
and underlying tissues were cleaned using a scalpel blade. A hole was drilled 2-3 mm
lateral to the midline and approximately 5 mm caudal to lambda for the placement
of a stainless steel keying screw of 8BA type. Two more holes were drilled on the
midline 2 and 3 mm dorsal to the external occipital crest, care being taken to leave
dura intact. These two holes were joined together, forming a slot approximately 3 mm

long.
During implantation each catheter contained a 12-cm length of 34G enamelled
copper wire (Scientific Wire Co., P.O. Box 30, London) to give it rigidity and to aid
puncture of the dura. A button was formed 6.5 mm from one end of the catheter by
gentle heating over a soldering iron. This served as a depth stop and also helped to
secure the catheter in place. Implantation was achieved by pushing the catheter
caudally along the slot, puncturing the dura , until the button rested on the skull
surface (Fig. 2.1). After withdrawal of the wire the catheter was secured in place with
dental acrylic (DeTrey, Webridge). Gentle negative pressure on the catheter induced
CSF to flow.
The catheter was then cut to approximately 3 cm and heat-sealed. The rats were
sutured and wounds sprayed with terramycin (Pfizer Ltd, Sandwich). After recovery
all the animals appeared to be in good health.
CSF was sampled in conscious rats by connecting the implanted catheter to a
cannula made from approximately 20 cm PP10 tubing joined to 20 cm PP50
Polyethylene tubing which was attached by a 23 G needle to a 1-ml syringe. The
cannula was then passed through a hole in the centre of the cage lid and allowed to
hang over the side of the cage. The weight of the syringe was sufficient to keep the
cannula taut when the rat moved. CSF samples (30 ul = contents of 12 cm of the
PP50 tubing) were collected in 0.75-ml Sarstedt tubes. After each sample was taken
the CSF remaining in the cannula was slowly flushed back into the cisternal space.
Tubes were spun for 2 min in a Beckman 152 Microfuge to remove any cells or debris
and samples were frozen at -20°C. Cells were counted with eosin in a haemocytometer
and samples containing over 2000/ul erythrocytes were excluded from MBP analysis.
2.11.2

Measurement of MBP in CSF samples: This was performed by Dr. Nigel

Groome and his colleagues (Oxford Polytechnic) using monoclonal antibodies to MBP
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Figure 2.1: Catheter implantation. Schematic illustration of catheter placement in the
cisterna magna of the rat. See text and Sarna et al, 1983 for detail.

peptides in an ELISA technique. For detail see Groome et al (1985)

2.12 Central administration of ovalbumin: Catheters (22 gauge) with screw caps
were purchased from Plastic Product company, Roanoke, Virginia. Rats were
anaesthetized, and placed in stereotaxic set up as in 2.11. Initial incision, anchoring
screws and drilling was as before. Coordinates for final infusion site (3rd ventricle)
according to Paxinos and Watson brain atlas were: bregma -1.3mm, lambda 0.0,
height. 3.8 mm (for schematic representation of Bregma and infusion site see Figs
2.2). The catheters without the screw was pushed in stereotaxically at the required site
in the brain and fixed to the skull and anchoring screws by dental cement. A screw
was placed on the catheter after dental cement had dried. The tip of the screw-cap
was kept fractionally longer to stop the end of the catheter from drying. Rats were
placed in individual cages and allowed at least 10 days to recover. After recovery all
rats behaved normally (Fig 2.3). Infusion was started 2-4 h before the cellular transfer
using a Micro-Pump (UK Ltd) by connecting polyethylene tubing to the catheters (see
also Chapter 5; section 5.2.5). Infusion was repeated daily until recovery of control
rats from EAE.

2.13 Histology: Representative spinal cords and brains were removed from rats with
minimum damage, placed in 10% formalin in PBS and processed by Mr. I.J. Stiff,
Experimental and Pathology Services, Hereford. Spinal cords were embedded in
paraffin wax and 1cm longitudinal and transverse sections of 7 and 12 um thickness
were cut. Brain sections were usually cut through ventricles. The 7um sections were
stained

with

haematoxylin

and

eosin

for

assessing

the

cellular

infiltration/inflammation. The 12um thick sections were stained with Luxol fast blue
to assess the extent of demyelination.
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Figure 2.2; Skull diagram & internal components of the brain. (A) Dorsal veiw of the
skull of a 200 g rat. (B) Schematic veiw of internal components is shown in mili
meters (mm). Third ventricle is indicated as "3V". Taken from Paxinos and Watson
brain atlas.

Figure 2.3; (A) Catheter with and without a cap. (B) Catheterized rat. See text for
description.

2.14 Isolation of mvelin and mvelin basic protein from brain tissue
2.14.1 Brain material; Brains were removed from adult rats. Bovine brains were
obtained from a local abattoir (Ziff Meats Ltd., London). All m aterial was used fresh
or stored frozen in 25ml or 50ml disposable tubes. Rat brains were stored and used
whole for subsequent preparations. Bovine brain tissue, with roughly equal amounts
of grey and white matter was chopped and stored frozen in 50g portions.
2.14.2 Preparation of mvelin membranes:

Myelin membranes were prepared

according to a modification of the method of Norton and Podulso (1973). Ice-cold
solutions were used throughout these procedures. Brain tissue ( ca. 150-200g) was
homogenised using an Ultra-Turrax (Janke and Kunkel, West Germany) in 720ml
0.32M sucrose prepared in medium A (lOmM Tris-HCl pH 7.4, 0.02% sodium azide)
and six 120ml volumes were carefully layered into six 300ml centrifuge tubes (MSE,
cat.no MS 34411/6105) each containing 120ml 0.8M sucrose in medium A. Following
centrifugation at 38,000 x g for 40 min (MSE Europa 65 centrifuge), the upper
solution was aspirated and discarded and myelin floating at the interface carefully
decanted and washed once in medium A by centrifugation (20min ; 38,000 x g).
Membranes were then resuspended in medium A and relayered onto 0.8M sucrose
followed by a second gradient centrifugation. Material floating at the interface was
collected and washed in medium A, resuspended in the same buffer and aliquots
stored at -30°C. For large scale preparation of bovine myelin used in the subsequent
isolation of minor myelin proteins, the second gradient centrifugation was routinely
omitted.
Yields of myelin protein were determined by the method of Lowry et al (1951) as
described below. A single preparation of bovine or rodent brain tissue (125g) yielded
about 3-4g and lg of myelin protein, respectively.

2.14.3

Purification of mvelin basic protein: This followed a procedure by Carnegie

and Dunkley (1975). MBP was extracted by stirring myelin (5mg protein/m l) in 0.1M
HCl/5% methanol for 40min at 37°C. The suspension was centrifuged (38,000 x g;
lOmin), the supernatant concentrated and loaded (5-8ml) directly onto a column (50
x 2.2cm, Pharmacia; 160 ml bed volume) of Sephadex G 75 (medium). The column
was run in lOmM HC1 (lOml/h; 4°C) and the absorbance of 1ml fractions monitored
at 225nm (LKB Ultrospec). Fractions rich in intact MBP, as determined by SD S-15%
PAGE (Fig 2.4), were pooled and freeze-dried in aliquots of 0.2 - 0.5mg protein as
determined by the Coomassie-blue dye binding method of Bradford (1976) using the
Biorad reagent. Purity of all the MBP preparations was assessed periodically by SDSPAGE as shown in Fig. 2.4.

2.15
2.15.1

Protocol for mvelin glycoprotein separation
Preparation of mvelin glycoproteins: These techniques were performed with

Dr. Paul Glynn. Frozen aliquots of bovine or rat myelin (see section 2.14.1) were
thawed at 37°C. Myelin was diluted to 7.5 mg/ml in 500 ml medium A (lOmM HC1
pH 7.4/0.02% azide) and then added to 33g of Triton X-100 predissolved in 600ml
medium A and stirred for five minutes. Five hundred ml of a solution containing
450mM Tris-HCl pH 7.4, 6mM CaC12 and 6mM MgC12 was added and stirring was
continued for lh at 37°C. The mixture was centrifuged (38,000 x g; 30min.) and the
supernatant saved.
The Triton X-100 myelin extract (ca. 1250ml) was loaded overnight at 4°C (flow rate
60ml/h) directly onto a 1.6 x 12cm lentil lectin-Sepharose 4B (Sigma) affinity column
equilibrated in 50mM Tris-HCl, pH7.4, lOOmM NaCl, 2mM CaCl2, 2mM MgCl2 (lentil
lectin buffer) with 0.25% Triton X-100. Once loaded, the flow rate was increased to
lOOml/h and the column washed with 100ml lentil lectin buffer with 0.25% Triton X-

G-75 FRACTION

NO-

24 32 34 36 38 4 0 42 4 4 48 5052 54

i a

43 30 —

20

—

mm*-

14 —

225

2 . 0-

<

l.o-

0 .5 -

0 . 0—
15

20

25

30

35
FRACTION

40

45

50

55

60

NO.

Figure 2.4: Purification of basic protein bv gel filtration of an acid extract of rat
myelin. Rat myelin was acid extracted and protein of the extract (containing 20-25 mg)
chromatographed on Sephdex G75 as described in the text. SDS-15% PAGE was
performed on fractions fron G75 column. Fractions between the "arrows" were pooled
for MBP preparation and freeze dried.

100, then 100ml lentil lectin buffer alone followed by 100ml lentil lectin buffer with
the zwitterionic detergent CHAPS (0.5%).
Bound glycoprotein was then eluted with 100ml lentil lectin buffer with 0.5%
CHAPS and 0.5M methyl mannoside (Sigma). Fractions (10ml) were collected and
protein content measured using the method of Bradford (1976). Peak fractions were
pooled, concentrated to about 30ml using an Amicon cell with YM-10 membrane, and
then dialysed overnight against 500ml of medium A/0.4% CHAPS.
2.15.2 DEAE-Sephacel ion exchange chromatography to separate demvelinating
target antigen (DTA1: The glycoprotein fraction was loaded at a flow rate of 50ml/h
onto 5ml DEAE-Sephacel (Pharmacia) in a 10ml Sterilin pipette equilibrated in
medium A/0.4% CHAPS (DEAE buffer). The column was washed with 60ml of
DEAE buffer and a gradient applied between 100ml DEAE buffer to 100ml 0.3M
NaCl in DEAE buffer. Protein content of the fractions (5ml) was determined using
the method of Bradford (1976) and lOOul from every other fraction was mixed with
25ul of sample buffer (no DTT) and SDS-PAGE performed.
2.15.3 Immunoblot assay for DTA: SDS-PAGE was performed on 10% SDS mini
gels and proteins were transferred onto nitro-cellulose paper as in sections 2.17 and
2.18. Blots were then incubated with anti-rat bovine glycoprotein serum (dil x 200)
at room temperature for 2h. Blots were washed as before and were incubated with
peroxidase-labelled anti-rat IgG (diluted x 1000) for 2h. Blots were stained with
diaminobenzidine (DAB) as described in section 2.18.
2.15.4 CM-Senharose ion exchange chromatography on DTA-positive fractions from
DEAE: Fractions containing

DTA immuno-reactivity from DEAE-Sephacel were

pooled (3-4mg protein in 5ml), dialysed against lOmM sodium acetate pH 5.0/ 0.5%
CHAPS (CM-buffer), and loaded (60ml/h) onto a 3ml CM-Sepharose column in CMbuffer. The flow through was saved. The column was washed sequentially with : (1),

15ml of CM-buffer, (2), a gradient (30 ml) of CM-buffer alone to CM-buffer with
0.3M NaCl, and (3), 10ml CM-buffer with 0.5M NaCl. Fractions (2ml) were collected
and

protein

content

determined.

DTA-containing

fractions

(detected

by

immunobloting as for DEAE fractions) were pooled and freeze-dried.
2.16 Protein determination techniques :
2.16.1 Lowrv method (Lowrv et al: 19511:
Reagents:
(a) 1% Cuprous sulphate
(b) 2% Na-K-tartrate
(c) 4% Sodium carbonate
Folin solution A was prepared by mixing 2 ml (a), 2ml (b) and 96 ml (c) just before
use.
(d) Folin-Ciocalteau Phenol reagent (BDH; stored at 4°C). Folin solution B was
prepared by diluting (d) x 5 with distilled water.
(e) Bovine serum albumin (BSA) at lmg/ml. Aliquots (1 ml) stored at -20°C
(f) 0.1M NaOH/O.1% SDS

Procedure:
For the standard curve, 0, 20, 40, 60, 80, 100, 120, 160 and 200 ul of BSA(e) were
pipetted into 10 ml plastic test tubes. Test samples were pipetted in appropriately
diluted volume (10-200 ul)into tubes. Proteins were solubilised by adding 1ml of (f)
to all tubes, vortexing and heating at 75°C for 15 minutes. After cooling to room
temperature 2 ml of Folin A was added to all tubes, vortexed and allowed to react for
10 minutes at room temperature. Finally 1 ml of Folin B was added to all tubes,
vortexed and heated at 60°C for 10 minutes. After cooling to room temperature,
absorbances of the samples were read using an LKB Ultraspec at 750nm.

2.16.2 Bradford Method (Bradford. 1976):
A stock solution of BSA (1 mg/ml) was thawed, diluted with water to 0.4 mg/ml and
volumes of 0, 5, 10, 20 ,30, 40,and 50ul were pipetted into plastic test tubes (i.e. 2, 4,
8, 12, 16, and 20 ug protein per tube). Stock protein assay reagent (Bio-Rad) was
diluted x 5 with water just before use, and 1 ml added to the BSA Standard and test
samples (10-100 ul) Tubes were vortexed and absorbances read at 595 nm after 5
minutes.

2.17 Sodium dodecvlsulphate polyacrylamide gel electrophoresis(SDS-PAGEl: All
gel electrophoresis was performed using minislab apparatus from BioRad Ltd. and
the procedure of Laemmli (1970).
2.17.1 Assembly of gel apparatus: Gel plates were thoroughly cleaned with
methanol and gel cassettes assembled according to the manufacturers instructions
(BioRad Ltd.,USA) using 1.5mm spacers.
2.17.2 Gel solutions: The following solutions were used (all reagents are from
BDH, Poole, UK):
Solution A - 30% w/v acrylamide/ 0.8% w/v bis-acrylamide
Solution B - 1.5M Tris-HCl pH 8.8
Solution C - 10% SDS
Solution D - 0.5M Tris-HCl pH 6.8
Solution E - 10% w/v ammonium persulphate (prepared fresh)
TEMED - N,N,N’,N’-Tetramethylethylene diamine
2.17.3

Running gel preparation: The choice of acrylamide density providing optimal

resolution depended upon the molecular weight (m.wt.) range of the proteins being
studied. For example, myelin basic protein and MBP fragments were separated on
SDS-15% PAGE, whole myelin membranes on SDS-12.5% PAGE and high m.wt.

myelin proteins on SDS-10% PAGE. The required ratios of the above solutions are
as follows ;

10%

12.5%

15%

A

25.50

31.88

38.25

B

18.75

18.75

18.75

C

0.75

0.75

0.75

0.15

0.15

0.15

35.63

22.88

D
E
H20
TEMED

0.075

0.075

16.5
0.075

Solutions were mixed in a Buchner flask and deaerated under vacuum for lOmin.
Initiation of polymerization followed addition of solution E and TEMED. Gels were
poured immediately from the top using a 50ml syringe and 25G needle until the level
reached 22mm from the top of the smallest plate. A small amount of n-butanol was
layered over the top of the gels to omit air and encourage polymerization.
After gels had set (ca.lh), n-butanol was washed off with distilled water and
excess water absorbed with blotting paper.
2.17.4

Stacking gel preparation: Lane forming combs were inserted into the cavity

above the running gel. The 5% stacking gel was then prepared according to the
following solution ratios:
Solution A - 8.5
Solution C - 12.5
Solution D - 0.5
H 20

-

28.0

Solution E - 0.5
TEMED -

0.05

The solution was deaerated as before and following the addition of solution E and
TEMED, gels were rapidly poured to the top of the plates and allowed to set for
30min.
2.17.5 Sample preparation: SDS sample buffer comprised 10% SD S/10%
sucrose/5mM DTT/0.05% bromophenol blue. Usually, 4 volumes of sample were
mixed with one volume of sample buffer. Preparation of other samples depended upon
their protein concentration. Normally, 5-10ug protein per lane was optimal.
2.17.6 Gel running conditions: Lanes were filled with running buffer ( 0.05%
SDS,25mM Tris, 190mM glycine pH8.3) and samples loaded (upto 30 ul) using a lOOul
Hamilton syringe. Gels were clamped into their appropriate electrophoresis cells and
the reservoir filled with running buffer. Lower tank buffer (0.1M Tris-HCl, pH 8.1)
filled the bottom 3 inches of the lower reservoir. Gel tanks were transferred to the
Combicold cabinet(4°C) and 150V constant voltage was applied until the bromophenol
blue dye front had migrated to about 1cm from the bottom of the gel (normally ca
45min). Cassettes were then disassembled and gel plates levered apart using a spatula.
2.17.7

Staining/de-staining of gels;

Gels were stained with 0.25% Coomassie

brilliant blue in 10% acetic acid/50% methanol for 2-12h and then de-stained (several
changes) in 10% acetic acid/50% methanol until blue background had disappeared.
Finally they were washed in 10% acetic acid and stored in the same solution.

2.18

Immunoblotting: Immunoblotting was performed according to the methodology

of Towbin et al (1979) by transferring SDS-PAGE separated polypeptides onto
nitrocellulose paper (Millipore).

2.18.1 Transfer buffer: This was prepared using the following reagents;
Tris 15.125g
Glycine 72g
Methanol 1 litre (20% final)
and made up to 5 litres using distilled water.
2.18.2 Assembly of blot cassette: The blot cassette was submerged in transfer buffer
in a plastic tray while the SDS gel was placed adjacent to a cellulose nitrate sheet,
taking care to remove trapped air; these were sandwiched between 2 pieces of 3mm
filter paper (Whatmann Ltd), then 2 sponges (13x16cm) and held in place using a
plastic holder. The holder and contents were then placed inside a BioRad transfer cell
filled with transfer buffer with the cellulose nitrate side next to the positive terminal.
2.18.3 Running conditions and blot staining: Peptides were transferred at 60V for
45 min. The original gel was then discarded and the blot stained with 0.1% Amidoblack in 50% m ethanol/10% acetic acid for 5min, then rinsed in tap water and
destained for lOmin with several changes of 50% m ethanol/10% acetic acid.
2.18.4

Incubations with antisera: Non-specific binding of antibody to the

nitrocellulose blot was prevented by pre-incubating with 3% BSA/PBS azide
overnight at 4°C or l-2h at room temperature.
Antibodies were diluted in 3%BSA/PBS/azide and blot incubations were performed
with less than 5ml in heat-sealed plastic bags on a rotating drum. Incubations were
normally 2h at room temperature or overnight at 4°C. Blots were then washed in 4
changes of tap water with constant agitation on a rotary shaker.
Peroxidase-labelled antisera to rat, mouse, and rabbit immunoglobulin were obtained
from ICN immunochemicals (High Wycombe, UK). They were used at a dilution of
1:1000 in 3% BSA/PBS without azide. Incubations were carried out as for the primary
antiserum and blots were washed in tap water.

Blots were immunostained with diaminobenzidine (DAB) as the chromogen. The
staining buffer (100ml) contained 0.06g citric acid, 0.13g ammonium acetate, 140ul pcresol and 13mg diaminobenzidine; just before use 25ul hydrogen peroxide was added.
After several minutes, development of the brown DAB staining was stopped by
immersing the blot in PBS/azide.

2.19

Miscellaneous techniques:

2.19.1 Antibody determination bv enzyme linked immunoabsorbant assay (ELISA):
2.19.1.1 Plate coating:

To test for antibodies produced by immunization with

glycoproteins, the inner 60 wells of 96 well microtitre plates (Dynatech, U.K.) were
coated with the LL-glycoprotein (5 ug/ml in PBS/0.02%azide; 100 ul/well). The
plates were then left overnight at 4°C.
2.19.1.2 Plate incubation protocol: After all incubations, including plate coatings,
plates were washed by rinsing 4 times with tap water then once with distilled water
and allowed to drain on to a paper towel. The procedure was then as follows;
(i) incubate wells with lOOul 1% BSA in PBS/azide for lh;37°C to block non-specific
binding. Wash plates.
(ii) plate out duplicate 100 ul samples of sera from normal and immunized rats at
dilutions ranging from 1:100 to 1:8100 in 1% BSA/PBS/azide.
(iii) incubate for 2h at room temperature. Wash plates.
(iv) Add 100 ul of peroxidase-labelled goat anti-rat IgG (ICN immunochemicals)
diluted 1:1000 in 1% BSA/PBS (no azide).
2.19.1.3 Visualization of bound antibody: The substrate comprised 2,2’-Azinodi-3ethylbenzthiazoline sulphonic acid (ABTS;Sigma) dissolved in 50mM sodium citrate
buffer pH4 to a final concentration of lmg/ml. Prior to use, 5ul hydrogen
peroxide/ 100ml buffer was added and lOOul substrate added to each well. Plates were

then incubated for l-2h in the dark at 37°C until a suitable colour had developed.
Absorbance of each well was determined at 405nm using a Titertek Multiscan (Flow,
UK).
2.19.2

Iodination of proteins: Iodination of proteins was essentialy as described by

Greenwood, Hunter and Glover (1963) using Chloramine T. Protein was dissolved
in PBS or water at 1-2 mg /m l (a minimum volume of 0.5 ml). Reagents used for
iodination were made just before use in PBS in LP3 tubes :
Chloramine -T :

5mg /ml

Sodium Metabisulfite 12mg /m l
Sodium Iodide

lOmg /ml

Iodination was done in a fume cupboard with precautions appropriate to this amount
of isotope (i.e. wearing disposable gloves and using a Geiger monitor to check for
spills).
A Hamilton syringe was used to transfer 5ul NaI25I (=0.5 mCi) into an LP3 tube.
Twenty microlitres of protein solution and 10 ul chloramine-T was added and the
mixture vortexed. After 60 seconds 10 ul Na - metabisulfite was added and mixture
vortexed followed by 10 ul Nal and vortexing again. Finally, 0.5ml protein solution was
added and the whole mixture vortexed.
To test the incorporation of the label, 5 ul of the solution was tested by
trichloroacetic acid (TCA) precipitation technique. Routinely, the precipitability was
nearly 90%. In cases, where the precipitability was less than 80%, 0.5 ml of the
labelled material was applied to a Sephadex G25 column (6-7 ml) in 10 mM HC1. The
column was eluted with 1ml aliquots of 10 mM HC1. Small aliquots of these fractions
were counted in a gamma counter and also tested for TCA-precipitability.
2.19.2.1

Trichloroacetic acid precipitation: Duplicate 5-10 ul aliquots of test samples

were placed in LP3 tubes and their radioactivity was measured in a gamma counter.

Two hundred microliters of 3 % BSA was then added (as an indicator of
precipitation) followed by 1ml of water and 0.5 ml 30% TCA. The mixture was
vortexed and then spun (2000 rpm; 10 min.; Sorvall RT600B centrifuge). Pellets and
aliquots of the supernatant were then counted in a Gamma counter.

CHAPTER 3

ANTIGEN PROCESSING AND PRESENTATION OF MYELIN BASIC PROTEIN
AND OVALBUMIN.

3.1 Introduction:
This chapter deals with antigen processing and presentation

of rat MBP and

compares it with ovalbumin, since in experiments with mouse APC and T cells, the
latter protein has been shown to require antigen processing (Shimonkevitz et al, 1983).
In previous studies heterogeneous cell preparations, such as peritoneal exudate cells
(PEC) (Panitch and Ciccone, 1981) or thymocytes (Mannie et al, 1987) have been
used to present MBP to APC-depleted lymphocytes. These populations contain both
macrophages and dendritic (DC). The former are highly phagocytic with many
lysosomes but express substantial la only after exposure to Y-interferon; by contrast,
DC are poorly endocytic and express high levels of la constitutively. Macrophages and
DC are relatively superior at antigen processing and presentation, respectively
(Kapsenberg et al, 1986; Austyn, 1987). To examine antigen processing and
presentation requirements for ovalbumin and rat MBP, this study set out to use cell
preparations enriched for either DC or macrophages.

3.2 RESULTS:
3.2.1 Lvmphoproliferative responses of lvmph node and spleen cells to MBP and
concanavalin A: requirement for APC.
In the initial experiments, spleen cells (SPC,) or lymph node cells (LNC) from MBPimmunized Lewis rats were isolated and depleted of APC as in Methods (chapter 2).
Depleted and undepleted SPC or LNC were used as a responding population. Normal
DC (NDC) were used as APC.

There was no response to added MBP by either undepleted or depleted spleen cells
(Table 3.1a). Depletion of APC from SPC virtually abolished the response to the
mitogen concanavalin A (con A). Adding NDC to depleted spleen cells resulted in a
considerable syngeneic response (almost 4-fold) and restored con A responses.
However, even in the presence of NDC, MBP elicited only very small or insignificant
proliferative responses from T cells in the splenocyte population.
In LNC depleted of APC the response to con A was considerably reduced when
compared with undepleted LNC (Table 3.1b). MBP did not induce a detectable
proliferative response in either unfractionated or depleted LNC. However, adding
NDC ( I X 104 /well) to the depleted LNC invoked a four fold response to MBP and
also restored the response to con A. All subsequent in vitro lymphoproliferation
experiments used LNC as the responder population.

3.2.2 In Vitro responses to ovalbumin: effect of DC and macrophage depletion on
responding popliteal LNCs
Undepleted LNC from ovalbumin sensitized rats, responded very well to exogenous
ovalbumin at all doses but the response of LNC depleted of DC (LNC-DC) alone, was
markedly reduced (Table 3.2). Adding NDC with exogenous ovalbumin to depleted
LNC restored responses to ovalbumin in excess of syngeneic stimulation to NDC. By
contrast, addition of DC pulsed with OVA (PDC) to the depleted LNC did not evoke
any response to ovalbumin (Table 3.2). It seems likely therefore, that adherent
macrophages still present in the responding population on incubation with OVA and
NDC might be involved in processing OVA and this might result in an effective
presentation.
In the following experiment, LNC were depleted of not only DC but also adherent
macrophages. This was done to remove any possibility that adherent macrophages in

TABLE (3.1a) SPLEEN CELLS t

SPC.

SPC-APC + NDC

SPC-APC

NO ANTIGEN

1639 ± 189

459 ± 200

1589 ±

161

+ MBP (100 ug/ml)

866 _+ 63

217 ±

38

3857 ±

581

+ MBP (50 ug/ml)

688 ± 98

107 ±

18

1908 ±

517

+ CON A (5 ug/ml) 20057 ± 361

1927 ±

93

22437 _+ 1938

TABLE (3.1b) LYMPH NODE CELLS:
LNC

LNC-APC

NO ANTIGEN

889+

156

+ MBP (100 ug/ml)

834 ±

+ MBP (50 ug/ml)

695 ±

LNC-APC + NDC

42

3353 ±

895

60

209 ± 123

14395 ±

2195

646 ± 318

526 ± 101

17340 ±

3904

+ CON A (5ug/ml) 29256 ± 8865

6799 ± 341

462218 ± 13923

Table 3.1 fa & b): In vitro proliferative responses to MBP using SPC or LNC as
responder cells and NDC as APC. Cultures were set up in 96 well flat-bottom plates
in a final volume of 200 ul in triplicates. 1 x. 105 undepleted or APC-depleted spleen
cells (SPC or SPC-APC) (Table 3.1a) or lymph node cells (LNC or LNC-APC) (Table
3.1b) from MBP-immunized rats were incubated (72 h) with MBP (100 ug/m l or 50
ug/ml) or con A (5 ug/ml) as in Methods. Depleted SPC and LNC were also
incubated in presence of NDC (1 x lOVwell), MBP and con A . Wells were pulsed
with 3H-thymidine for the last 6-8 hours and harvested on glass fibre filters. Results
are expressed as the mean and standard deviation (S.D.) of counts per minute (cpm)
of triplicate wells.

TABLE 3.2

OVA (ug/ml)
0

LNC
617± 75

LNC-DC

LNC-DC + NDC

LNC-DC + PDC

733± 76

2583± 845

3583±1045

250

17325+.2840

7895±335

39290±6031

5093±1399

83

12074±1390

7587±863

57971±8436

5163±1143

27

12289+4339

6564+744

19212+4130

ND

Table 3.2: In vitro proliferative response to ovalbumin: effect of NDC or pulsed DC
(PDC) as APC. 1 x 105 ovalbumin-sensitized LNC, undepleted or depleted of DC
(LNC-DC) were cultured with three doses of ovalbumin (250; 83; and 27 ug /m l)
added exogenously to the cultures or pulsed onto DCs (1.x 104) as in Methods. Rest
of the procedure for pulsing with 3H-thymidine and harvesting was as in Table 3.1.
Results are expressed as the means and SDs of cpm of quadruplicates wells. ND, not
determined.

TABLE 3.3:

OVA (ug/ml) LNC
0
100

628±

79

10381+1287

LNC - APC

LNC - APC+NDC

LNC - APC+PDC

543 ± 2 0

5848 ±

210

5848 ± 210

723 + 78

7190 + 1039

8719 + 320

Table 3.3: Responder cells depleted of macrophages and DC (LNC - APC) fail to
respond to OVA. Popliteal LNC from 10 day ovalbumin/CFA-immunized Lewis rats
were depleted of DC as described in Methods. An additional depletion was carried
out to remove adherent macrophages by adhering the DC-depleted population to
plastic for 2-3 hours in 20% FCS. Non-adherent cells were gently washed off and used
as lymph node cells depleted of APCs (LNC - APC). LNC - APC were then
stimulated as before with either NDC plus free ovalbumin (100 ug/ml) or DC pulsed
with (100 ug/ml) ovalbumin (PDC).

the responder population were involved in processing ovalbumin. Following this more
rigorous depletion of APC from the responder population, proliferative responses to
ovalbumin were completely abolished (Table 3.3). But most interestingly, responses
to ovalbumin were not restored by either adding NDC plus free ovalbumin or
ovalbumin-PDC. By comparison with the data in Table 3.2, this result suggested that
adherent macrophages were probably involved in the presentation of ovalbumin, most
probably at the processing level.

3.2.3 In vitro ovalbumin and MBP responses: effect of pulsed-DC and pulsedmacrophages on stimulation of responding APC-depleted popliteal LNCs.
Macrophages are known to take up antigens and process them (Dement & Stahl,
1985) before presenting them to sensitized T cells (Werdelin, 1986; Unanue & Allen,
1987). Another possibility is that DC, which are strongly la positive, pick up fragments
of antigens after they have been expelled from macrophages, and present them to
antigen-specific T cells. The following experiment was set up to test this possibility and
to determine the relative efficiencies of DC and macrophages as APC for both MBP
and OVA.
MBP-pulsed DC added to APC-depleted LNC (LNC - APC) from MBP-immunized
rats initiated in vitro proliferative responses but MBP-pulsed macrophages failed to
do so. Pulsing both macrophages and DC together with MBP did not enhance the
stimulation (Fig 3.1 a). LNC - APC from ovalbumin-immunized rats responded to
neither ovalbumin-PDC nor ovalbumin-pulsed macrophages alone, but they responded
well to a mixed DC and macrophage population pulsed together with the antigen (Fig
3.1b). These results suggested strongly that ovalbumin needed both macrophages and
DC for an effective processing and presentation while MBP could be presented
effectively by DC alone.

P [MO+DC]
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Figure 3.1: In vitro MBP (A) and ovalbumin (B) responses. LNC from MBP/CFA
or ovalbumin/CFA-immunized rats were depleted of DC and macrophages (MO) as
above. LNC - APC (1 x 105) were then stimulated with antigen-pulsed macrophages
(1 x 104) or antigen pulsed-DC (1 * 104) or a mixed population of macrophages and
DC pulsed together with antigen (100 ug/ml); the latter was to test the co-operation
between macrophages and DC. Data are expressed as stimulation indices relative to
[3H] thymidine incorporation into LNC - APC: MBP experiment, 148 + /- 62 cpm;
OVA experiment 1130 + /- 205 cpm.

3.2.4 Effect of chloroquine on the presentation of ovalbumin and MBP in vitro:

Chloroquine inhibits antigen processing and presentation by raising the pH of acidic
environments in intracellular compartments critical for antigen processing (Zeigler and
Unanue, 1981; 1982). The roles of DC and macrophages in the presentation of
ovalbumin and MBP were examined independently by preincubating ovalbumin with
macrophages in the presence or absence of chloroquine (CH).
DC which were pulsed for 2 hours with aliquots of medium from macrophages
incubated with ovalbumin alone (MO-SUP-PDC), stimulated lymphoproliferation (Fig.
3.2a). However, preincubation of macrophages with chloroquine before giving antigen
(CH-MO-SUP-PDC) inhibited subsequent lymphocyte responses to ovalbumin (Fig.
3.2a). By contrast, chloroquine added to the DC pulsing stage (MO-SUP-CH-PDC)
did not inhibit the lymphocyte response (Fig 3.2a). Chloroquine had no effect on MBP
presentation to MBP-sensitized LNC-APC by DC (Fig 3.2b).

3.2.5 Biochemical analysis of processing of ovalbumin and MBP bv macrophages and
DC.

Ovalbumin processing by macrophages is sensitive to chloroquine. The idea that T
cells recognise complexes of la and antigenic peptide fragments is largely based on the
ability of small synthetic peptides to substitute for naturally processed antigen (Babbit
et al, 1985; Buss et al, 1986a; Adorini et al, 1988). Naturally processed peptides of
exogenous antigen are thought to arise by limited proteolytic degradation of native
antigens and these events have been shown to occur inside acidic compartments of
APC (Zeigler & Unanue, 1981). Therefore, in the experiments with ovalbumin
described above, macrophages may be generating naturally processed ovalbumin
peptides, which may eventually be presented by DC.
To test this suggestion, media from macrophage incubations with ovalbumin were
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Figure 3.2: Effect of chloroquine on OVA (A) and MBP
presentation. (A) Native
ovalbumin (100 ug/ml) was preincubated with macrophages (3 x 106/m l) in presence
or absence of chloroquine for 2 hours (MO-SUP-PDC). Macrophages were given
chloroquine (O.lmM) for 1 hour prior to pulsing with the antigen. Macrophages were
then removed by centrifugation and supernatants were harvested and used as
processed antigen to pulse DC (3 x 106/m l) (CH-MO-SUP-PDC). As a control,
chloroquine (O.lmM) was added to one set of DC, pulsed with medium from
chloroquine-free macrophage/ovalbumin incubations (MO-SUP-CH-PDC). NDC or
PDC (1 x 104) were added to LNC-APC (1.x lOYwell). D ata are expressed as SI
relative to LNC - APC: 1039 + /- 250 cpm. * Significant increase in uptake, P < 0.01
(one-tailed Student’s t-test) relative to pulsed DC or pulsed MO. (B) DC were pulsed
with MBP in presence or absence of chloroquine (0.1 mM) and then incubated with
LNC - APC as in Methods. Data are expressed relative to LNC - APC: 7380 + /2380.
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Figure 3.3: Senhadex G-75 analysis of ovalbumin supernatant from macrophage
incubations. (A) Native ovalbumin (400 ug/ml) was incubated with macrophages (3
x 106 /m l) for 2 h in serum-free medium. Medium was harvested and 8 ml was
loaded on Sephadex G-75 column (50 x 2.2 cm) eluted with PBS. Fractions (1 ml)
were collected and absorbance measured in a spectrophotometer at 225nm. Arrows
indicate the elution peaks of the following markers: Alb, albumin (67kDa); Ova,
ovalbumin (43kDa); INS-A, insulin-A (2-3kDa); Ph.red, phenyl red. (B) SDS-PAGE
performed on aliquots of the fractions indicated.

analysed by gel filtration on a Sephadex G-75 column (Fig 3.3) and pooled fractions
from each peak, pulsed on DC, were tested for their capacity to stimulate ovalbuminsensitized LNC (Table 3.4). Peak-1, which did not appear to contain ovalbumin by
SDS-PAGE, did not induce a proliferative response. Peak-2, which contained 43 kDa
ovalbumin by SDS-PAGE, was a more potent stimulator of OVA-specific LNC than
native ovalbumin, maybe because macrophages have exposed immunogenic epitopes
recognised by T cells. The A225 profile of peak-3 of processed-ovalbumin was not
different from macrophage incubation medium alone. However, this peak-3 of
processed ovalbumin which contained material with an average molecular weight of
1.5 kDa, was at least as potent a stimulator as peak-2. By contrast, peak-3 from
macrophage supernatant alone was totally inactive in stimulating ovalbumin-specific
T cells (Table 3.4). Evaluation of the true concentrations of OVA-derived peptide in
peak-3 of processed ovalbumin would require further fractionation by HPLC.
The great majority of ovalbumin still migrated on Sephadex G-75 and SDS-PAGE
with an apparent molecular weight of 43 kDa after 2h incubation with either
macrophages or DC (Figs 3.3 and 3.4a). Media from ovalbumin incubation with
macrophages, but not DC, contained an additional polypeptide of about 17-18 kDa;
less of this 17-18 kDa polypeptide was generated in the presence of chloroquine (Fig.
3.4a).
MBP was far more susceptible to degradation by macrophages, and even by DC,
than ovalbumin. Considerable amounts of MBP were lost even after 30 minutes and
more after 2 hours of incubation with macrophages and to lesser extent with DC (Fig.
3.4b). Preincubating macrophages and DC with O.lmM chloroquine before incubating
with MBP had no detectable effect. A large fragment (ca. 12 kDa) of MBP was
formed during its degradation by both DC and macrophages.

TABLE 3.4
LNC - APC + NDC

LNC - APC + PDC

NO ANTIGEN

1232 ±

694

1232 ± 694

+ N.OVA(100ug/ml)

3514 ±

478

3612 ± 895

+ PR.OVA(100ug/ ml)

19072 + 2513

11895 ± 3264

+P-1 (100 ug/ml)

2485 ±

389

1889 ± 341

+P-2 (lOOug/ml)

8840 ±

277

8120 ± 1694

+P-2 (50ug/ml)

ND

3770 ± 1447

+P-3 (lOOug/ml)

10782 ± 1223

8818 ± 1331

+P-3 (50ug/ml)

8863 ± 1016

6452 ± 1138

+ MO-sup(P-3;100ug/ml)

1322 ±

1139 ±

592

386

Table 3.4: Proliferative responses to OVA bv peaks from Sephdex G-75. Fractions
from Sephadex G-75 (Fig. 3.3) were pooled in single peaks (P-l, P-2 or P-3). DC were
pulsed with these peaks, with macrophage-processed OVA or native OVA. 1 x 105
APC - depleted LNC (LNC - APC) from OVA/CFA-immunized ratswere incubated
with 1 x 104 DC pulsed with antigens (PDC) or antigens present continuously for 72h
with NDC. Cells were harvested as in Methods. Data are expressed as cpm _+ SD.
Protein concentrations of each peak were estimated against the reading of known
concentrations of ovalbumin in PBS at A225.
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Figure 3.4: Degradation of OVA and MBP bv MO and DC: analysis bv SDS-PAGE.
Macrophages and DC (3 x 106/nil) were incubated in serum-free medium with either
(A) ovalbumin (100 ug/ml; 2h) or (B) MBP (50 ug/ml; 30 min. & 2h) in presence or
absence of chloroquine (O.lmM). Media (200 ul) were harvested and mixed with
sample buffer. OVA samples were run on SDS-12.5% PAGE and subsequently
stained with Coomassie Blue. MBP sample were run on SDS-15% PAGE and were
subsequently blotted with antibody P-7 (diluted x 500) as described in Methods. Lane
1, no chloroquine; lane 2, + chloroquine.
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Figure 3.5: Effect of Y-IFN on MBP degradation bv MO: Macrophages (2 x 105)
were treated with Y-IFN (1 unit /m l) for 24 hours and then incubated with MBP (100
ug/ml) in the absence (lane 1) or presence of O.lmM chloroquine (lane 2). Media
were harvested at 30 minutes and at 2 hours and mixed instantly with sample buffer.
SDS-PAGE was performed and gels were then blotted on nitrocellulose paper. Blots
were incubated (2 h) with antibody P-7 (diluted x 500) followed by peoxidase-labelled
anti-rabbit
IgG, then DAB as in Methods.

Y-IFN is one of a number of lymphokines secreted by activated T cells and is known
to increase expression of la on macrophages (Shastri et al, 1985). Macrophages
treated with Y-IFN appeared even more active in degrading MBP (Fig. 3.5).
Treatment with chloroquine had very little if any effect on MBP processing by these
cells.
To quantify differences in uptake and degradation of MBP by macrophages and DC,
125I-labelled MBP was incubated with these cells (Table 3.5). Macrophages were much
more active than DC in taking up MBP from the medium. This was particularly
pronounced at the 30 minute time point and thereafter gradually decreased. On the
other hand, DC maintained a constant low level of ingested labelled material between
30 minutes and 2 hours. At the 30 minute time point chloroquine appeared to slightly
reduce the amount of radioactive MBP associated with either DC or macrophages.

3.3 DISCUSSION:

This chapter highlights the role of macrophages and DC in antigen processing and
presentation of a foreign (ovalbumin) and a self (MBP) protein. It was concluded that
ovalbumin, but not MBP, needed to be processed by macrophages before it could be
presented efficiently by DC, to sensitized T cells. Previously, most of the antigen
processing and presentation capabilities of heterogenous APC populations, such as
spleen cells or PEC were attributed to macrophages (Unanue & Allen, 1987; Puri et
al, 1987; Kapsenberg et al, 1986).

Such populations are known to contain both

macrophages and DC (Steinman & Witmer, 1978; Steinmann et al, 1979; Knight et
al., 1985). Using DC- and macrophage-enriched populations for antigen processing and
presentation independently, in the present experiments has demonstrated that the two
cell types have markedly different capabilities in these two processes. In fact, at the
presenter to responder ratios used in these experiments, macrophages appeared

TABLE 3.5a: MEDIA (TCA insoluble cnsL

30 minutes

2 hours

MBP alone

4016 ± 166

3714 ± 138

DC + MBP

5257 ± 514

3269 ±

72

DC + CHLORO + MBP

4884 ± 174

3608 ±

12

MO + MBP

1995 ±

19

1479 ± 131

MO + CHLORO + MBP

2372 ± 268

1899 ± 143

30 minutes

2 hours

DC + MBP

680 ± 55

580 ±

DC + CHLORO + MBP

494 ±

446 ± 125

TABLE 3.5b: CELLS (Total

cp s)

8

60

MO + MBP

3377 ± 86

1716 ± 206

MO + CHLORO + MBP

2431 ± 16

1858 ± 199

Table 3.5: Uptake and degradation of ^I-M BP bv MO and DC: Macrophages and
DC (2 x 105) were incubated (30 min. & 2h) in a volume of 100 ul with 125I-labelled
MBP (50 ug/ml; total TCA insoluble cps = 7721 _+ 14) in presence or absence of
chloroquine (O.lmM). (a), Media (50 ul) and (b), cells (1 * 10s) were harvested after
either 30 minutes or 2 hours of incubation. Cells were pelleted and washed at each
time point and TCA-insoluble cps in the supernatant were determined as in Methods.

incapable of presenting either ovalbumin or MBP.

Lewis rat T cells recognised predominantly processed forms of ovalbumin which can
be generated by a chloroquine-sensitive action of macrophages, i.e., probably involving
lysosomal and endosomal compartments (Zeigler & Unanue, 1981). Pulsing DC with
this macrophage-processed ovalbumin was more effective than native ovalbumin in
stimulating ovalbumin-sensitized T cells.
Biochemical analysis indicated that the great bulk of ovalbumin incubated with
macrophages, under conditions required for generation of the immunogenic processed
form, still migrated on gel filtration or SDS-PAGE as a 43kDa molecule. Nonetheless,
processed 43kDa ovalbumin eluted from Sephadex G-75 was appreciably more
immunogenic than native ovalbumin (Table 3.4). Thus, some epitopes of ovalbumin
may be exposed by partial denaturation through exposure to low pH in endosomal
compartments, without need for extensive proteolysis; such a process would be
chloroquine-sensitive. On the other hand, a very small fraction of the processed
ovalbumin was present as highly immunogenic fragments of average molecular weight
1.5 - 2kDa (peak-3); thus, certain epitopes of ovalbumin survive, and may even
require, extensive proteolysis of the native protein to form oligopeptides of 10-20
amino acids. Whether immunogenic activity remains in the low molecular weight peak3 of supernatant from macrophages which have been treated with chloroquine prior
to pulsing with native ovalbumin, remains to be determined.
Another approach to identify naturally-processed peptides was described recently for
hen egg lysozyme (HEL) in which HEL peptides were extracted from Ia-HEL
complexes (Demonz et al, 1989). These workers also demonstrated naturally-processed
antigenic peptides of HEL with a similar molecular weight as Peak-3 of processed
ovalbumin.
In contrast to ovalbumin, it was found that dominant epitopes of rat MBP do not

require processing by macrophages as DC alone could present MBP. It has been
suggested that for antigens the size of myoglobin (17.8 kDa; cf. MBP 14 and 18 kDa),
unfolding rather than reduction in size is the critical parameter determining the need
for processing (Streicher et al, 1984). However, chloroquine, a reagent which would
inhibit exposure of MBP to low-pH subcellular compartments for such unfolding to
occur, did not reduce MBP presentation by DC.
The biochemical analysis of both ovalbumin and MBP showed that macrophages and
DC handle antigens differently. In essence, macrophages removed and maybe
degraded MBP more effectively than DC. Although DC may also have some capacity
for internalizing and processing the protein they appeared to be less active in
degrading MBP than macrophages; the degradative activity of macrophages was
further enhanced by gamma interferon.
MBP appears more susceptible to degradation than ovalbumin as shown in SDSPAGE analysis. It has been shown that native MBP has a very low content of
secondary stucture (no alpha-helix and only 20% beta-sheet) in aqueous solution
(Martenson, 1986). Peptide bonds, susceptible to proteolysis are easily accessible in
this unfolded molecule, and macrophages, with their high enzymic activity and rapid
uptake, will avidly degrade MBP. Conversely, proteinase-susceptible peptide bonds in
ovalbumin, may not be easily accessible as they may be buried in its secondary and
tertiary structures. Binding of MBP, on the other hand, to the surface of DC (less
degrading and more MHC class II), may in fact, protect some MBP from degradation
and make it more accessible to T cells. This difference in the secondary and tertiary
structures of the two proteins may also be one of the reasons why MBP but not
ovalbumin is efficiently presented by DC without extensive processing. This may be
because immunogenic epitopes may be sufficiently exposed in the case of native MBP
but not ovalbumin.

There is some evidence that antigenic sites tend to be amphipathic, with the
hyrophobic and hydrophlic sites binding APC and TCR, respectively (DeLisi &
Berzofsky, 1985; Watts et al, 1985). In fact, it has been shown that the T cell sites in
myoglobin (Berkower et al, 1982), cytochrome c (Pincus et al, 1983) and possibly in
ovalbumin (Watts et al, 1985), are in alpha-helical segments in the native molecule.
This appears not to be the case for MBP, as it has essentially no alpha-helix in
solution at neutral pH (Martenson, 1986). However, it may be crucial in determining
the requirement for processing that the most immunogenic/ encephalitogenic site (6888) of MBP for Lewis rats, is not among the sequences forming putative beta-sheets
(Martenson, 1986).
Recent reports contradict the importance of amphipathic alpha-helical structures in
peptide binding to MHC class II. Using approaches such as introducing residues
glycine and proline, which destabilize regular secondary structures (alpha-helices, and
beta-sheets) within the peptide, Sette et al (1989) found no correlation of regular
secondary structure in peptide binding of OVA (323-336) to I-Ad molecules and T cell
activation. Similar arguments for the binding of HEL (107-116) to I-Ed are also
suggested (Sette et al, 1989). Sette and his co-workers (1989) therefore, suggest that
ovalbumin, as well as HEL peptide antigens are recognised in a planar conformation,
"sandwiched" between TCR and MHC class II.
Results described in this chapter suggest a mechanism of antigen presentation
involving separate steps for processing and presentation as depicted in figure, 3^>.
There may be three main steps for activating specific-helper T-cells:
(1) antigen processing: macrophages pick up antigen non-specifically by endocytosis.
It is then transported into intracellular compartments like endosomes (Allen, 1987;
Chain et al, 1988) or lysosomes (Zeigler & Unanue, 1981; 1982), where it is broken
into smaller peptides by proteinases (Berzofsky et al, 1988; Puri & Factorovich, 1988)

or unfolded by intracellular acidity (McCoy and Schwartz, 1988; Anderson and Orci,
1988).
(2) binding of antigen fragments to la: This may occur in the neutral pH vesicles of
the trans-golgi compartment (see Introduction; section 1.4). On the basis of the results
described in this chapter, it is postulated that for proteins such as ovalbumin,
macrophages would share antigen processing and presentation with a more potent
APC population like DC, at least initially. This would involve antigen-processing by
macrophages in a chloroquine-sensitive manner. Even if there was some association
between la and processed peptides within the macrophages which are only weakly
positive for la, most of the processed antigen would be released. These fragments will
then be picked by Ia+ DC. A direct interaction of immunogenic peptide with la may
result on the surface of DC. Alternatively, peptides may have to circulate in
subcellular compartments of DC to be oriented in a correct conformation with la.
Experiments on the stability of putative antigen-Ia complexes in DC are presented in
chapter 5.
(3) T-cell activation: this event, the actual presentation of antigen, requires a physical
interaction between T cells and APCs. In chapter 4, the duration of interaction
between MBP-pulsed DC and T cells, required for activation of the latter is
investigated. T cell activation is followed by the release of a combination of
lymphokines including Y-IFN which may further enhance antigen presentation as
previously la-negative macrophages may now become la-positive.
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Figure 3.6: Diagrammatic representation of cooperation between macrophages (MO)
and dendritic cells (DC) for antigen processing and presentation respectively.
Sequence of events for processig and presentation are numbered 1 to 8 (also discussed
in text)

CHAPTER 4
EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS (EAE1; DENDRITIC
CELLS EFFICIENTLY PRESENT MBP TO ENCEPHALITOGENIC T CELLS.

4.1 Introduction:

One of the main aims of this project was to understand the antigen processing and
presentation requirements for rat MBP and in particular the encephalitogenic
determinants (EDs) of MBP. In experiments described in the previous chapter, the
value of in vitro proliferation assays with crude lymph node polyclonal lymphocyte
populations were substantially reduced by inter-experiment variation in both basal
proliferative activity and syngeneic responses to antigens on normal, unpulsed APC
(e.g. compare experiments in Figs. 3.1 and 3.2). Previous authors have also
commented on this phenomenon (Knight et al, 1985). One solution to this problem
would be to perform in vitro assays with highly restricted responder populations, i.e.,
T cell lines or clones. The alternative, adopted for this study, was to use induction of
EAE as an in vivo assay which indicates the activity only of those T cells responding
to encephalitogenic determinants of MBP.
EAE can be transferred by spleen cells from Lewis rats immunized with MBP. For
an effective transfer of EAE, these spleen cells must be activated by MBP before
injecting into syngeneic recipients (Richert et al, 1979). MBP-specific T cells in the
spleen cell population are thought to encounter MBP associated with MHC class II
glycoprotein within the central nervous system (CNS). As a result the T cells secrete
lymphokines which initiate the inflammatory events leading to EAE (Wekerle et al,
1986). It is this form of adoptive transferred EAE which has been studied extensively
for its potential for understanding the basic cellular requirements and inflammatory
events leading to EAE.

The following sections of this chapter deal with the presentation of EDs of MBP
by DC or macrophages using adoptively transferred EAE as an assay.

4.2 RESULTS;
4.2.1 MBP-pulsed dendritic cells activate lymphocytes for EAE transfer:

Undepleted spleen cells cultured with MBP transferred significant signs of EAE
while spleen cells depleted of APC (SPC -APC) did not (Fig. 4.1). However, depleted
spleen cells incubated with MBP-pulsed DC (PDC) were at least as encephalitogenic
as undepleted spleen cells which had been incubated with MBP (Fig. 4.1) These
results show that MBP can be presented by DC.
On histological examination, spinal cord sections from both normal control rats and
those receiving APC-depleted SPC plus normal DC (NDC) showed no signs of
inflammation. On the other hand, recepients of APC-depleted SPC incubated with
MBP-pulsed DC, had substantial inflammation in the spinal cord (Fig. 4.2).
A novel feature of the present experiments was the use of homologous, rather than
guinea pig MBP, in an attempt to detect true autoantigenic responses. The amino acid
sequences of rat and guinea pig MBP differ significantly (Martenson, 1984).
Furthermore, guinea pig MBP is five times more encephalitogenic than rat MBP in
Lewis rats (Kibler et al, 1977). In the experiment described in Fig. 4.1, therefore, APC
were pulsed with relatively high concentrations of rat MBP before incubating with
APC-depleted SPC.
At pulsing concentrations of less than 6 ug /m l MBP there was a graded reduction
in the severity of transferred EAE - most notably as a delayed onset of disease.
However, even 0.75 ug /m l MBP produced significant effects compared with unpulsed
normal DC which never activated SPC for transfer of clinical EAE (Fig. 4.3). DC
pulsed with MBP (5 ug /m l) stimulated encephalitogenic T cells for transfer of EAE
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Figure 4.1: MBP-pulsed DC activate lymphocytes for EAE transfer. Spleen cells from
12-day MBP/CFA-immunized Lewis rats were either used undepleted or depleted of
APC using Sephadex G-10 columns as described in Methods. Eighty million
undepleted or depleted spleen cell were cultured with 50 ug/m l MBP for 72h.
Depleted SPC were also incubated (72h) with 4 x 106DC which had been pulsed with
MBP(50 ug/ml), i.e. PDC. After harvesting, 50 million cells were injected (tail vein)
into each recipient rat. Recipients were scored daily for signs of clinical EAE: no
sign 0; limp tail, 1; weak hind legs, 2; complete hind leg paralysis, 3. Each data point
shown represents the mean daily clinical score of three rats (+. standard deviation).
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Figure 4.2: Histological evidence for transferred EAE: difYerences between MBP-PDC
and NDC groups. Longitudinal section of cervical spinal cord (X 100 magnification;
haematoxylin and eosin stain). (A) Normal control rat and (B) rat injected with
depleted spleen cells (dep-SPC) incubated with NDC - neither show signs of
inflammation. (C) rat injected with dep-SPC incubated with MBP-PDC shows clear
signs of inflammatory cell infiltration.
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Figure 4.3: Dose response for MBP-pulsing of dendritic cells (DC). DC were pulsed
with the MBP concentrations (ug/ml) shown; culture with dep-SPC, transfer and
scoring of clinical EAE were as in Methods.

into naive Lewis rats. There was no significant difference in onset or severity of EAE
when PDC were used at either 5% or 0.5% with respect to the responding population
(Fig. 4.4). For experiments described in the remainder of this chapter, DC were used
at a ratio of 1-2% with respect to the responding population.

4.2.2 Comparison between DC and macrophages as APC:
MBP-pulsed DC, but not pulsed macrophages nor unpulsed DC, stimulated
encephalitogenic T cells for the transfer of EAE (Fig. 4.5). Preincubating MBP (50
ug/ml) with macrophages before pulsing DC did not enhance but rather slightly
suppressed the severity of the subsequently transferred disease (Fig. 4.5).
Preincubation of a lower concentration of MBP (i.e. 5 ug/ml) with macrophages
produced supernatant which was less effective for pulsing DC and resulted in
markedly less severe clinical signs of EAE (Fig. 4.6). This effect was partially reversed
by chloroquine although onset of EAE was still significantly delayed. Treating DC with
chloroquine before pulsing with MBP appeared to prolong slightly clinical signs of
subsequently transferred EAE (Fig. 4.6).
To test the possibility that macrophages might release a factor which inhibited the
presentation of MBP by DC, macrophages were incubated alone for 2 hours. Medium
from these incubations (NMO-sup) was mixed with MBP and than used to pulse DC
for activation of encephalitogenic T cells. The transferred EAE induced in this group
was at least as severe as that observed in the control group where DC were pulsed
with untreated MBP (Fig. 4.7).
4.2.3 Kinetics of MBP presentation bv DC:
APC-dep SPC from MBP-immunized Lewis rats can be activated by MBP-PDC to
transfer EAE by co-culturing them for 72 hours at 37°C as shown above. In
experiments described below, MBP-PDC were removed from co-cultures with splenic
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Figure 4.4; Number of MBP-pulsed dendritic cells required to activate
encephalitogenic T ceils. 4 million or 0.4 million MBP-(5 ug/ml)-pulsed DC (5% or
0.5% with respect to 80 million responding APC-depleted SPC) were cultured with
dep-SpC (72h). Transfer and scoring of EAE were as in Methods.
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Figure 4.5: Comparison of MBP-pulsed DC and macrophages (MO) as APC for
transferred EAE. 12 day MBP/CFA-immunized rat spleen cells were depleted of
APC and cultured (72h) with MBP (50 ug/ml) pulsed macrophages (PMO) or DC
which had been pulsed with either MBP (50 ug/ml) or with culture supernatants of
macrophages incubated for 2 hours with 50 ug/ml MBP (MO-SUP-PDC). Fifty million
cells were then transferred and recipients scored for EAE as before.
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Figure 4.6: Effect of chloroquine on MBP presentation bv DC. Macrophages were
incubated (1 h) in the presence or absence of chloroquine (0.1 mM) followed by MBP
(5 ug/ml) for 2 h. DC, pretreated for 1 h with or without chloroquine were then
pulsed either with supernatant from the macrophages’ incubation or with MBP (5
ug/ml). PDC were incubated with dep-SPC (72h) as before. Transfer and scoring of
clinical signs of EAE were as in Methods.
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Figure 4.7: Effect of normal macrophage-conditioned medium (NMO-SUP) on MBP
presentation. Macrophages were incubated alone for two hours. Medium was
harvested (NMO-SUP) and used to dissolve MBP (5 ug/ml). DC pulsed (2 h) with
NMO-SUP+ MBP or untreated MBP were incubated with dep-SPC. Transfer of
activated cells and scoring of EAE were as before.

T cells after 24 h, 48 h and 72 h. Stimulation of splenic T cells was measured by their
ability to transfer EAE in naive recipients. As controls, DC were removed from
parallel sets of T cells at the time-points indicated and were then mixed back with
their respective splenic T cells (see legend for Fig. 4.8).
T cell groups, in which DC were removed after 24 h or 48 h, failed to transfer EAE
with same severity as T cells which were co-cultured with PDC for the complete 72
h (Fig. 4.8a). Adding back DC to T cells at 24 h or 48 h restored their ability to
transfer EAE (4.8b) indicating that neither DC nor T cells had lost their ability to
present or respond, respectively, after gradient separation. This suggests that for an
effecient MBP presentation, PDC needed to be incubated with T cells for more than
48 h and also that, at least in the presence of T cells, an immunogenic complex of
MBP with DC is stable for 48-72 h.
DC separated from co-cultures after 24 h, retained full ability to present
determinants of MBP and stimulated fresh MBP-sensitized T cells for the transfer of
EAE. There was no difference in severity of EAE between freshly pulsed DC or DC
taken from ongoing cultures after 24 h (Fig. 4.9). It should be noted that DC
separated from co-cultures after 24 h had also weakly stimulated encephlitogenic T
cells as seen by the latters ability to transfer minimum signs of EAE (Fig. 4.9).

4.2.4 Activation of encephalitogenic lymphocytes: comparison of purified MBP and
mvelin membrane preparations as antigens:
MBP comprises 30% of the polypeptides of CNS myelin and is located at the
cytoplasmic face of membranes in the multilamellar sheath (Gregson, 1983). How
MBP leaves its intracellular location to become accessible to autoaggressive
lymphocytes within the CNS is unresolved. In vitro studies with isolated myelin
membrane preparations may help to understand how MBP may be presented by APC
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Figure 4.8: Kinetics of MBP presentation: time-course of presentation bv DC. MBPPDC (5 ug/ml) were incubated with dep-SPC for either 24 ,48 or 72 hr. Cells and
medium were removed from culture flasks by shaking at each time point, spun in 50
ml plastic tubes, and the original media from each flask was saved. DC were
separated by layering the cells on 14.5% sodium metrizamide gradients as in Methods.
DC were either discarded at each time point (a) or mixed back with T cells as
controls (b). Cells were finally resuspended with the original media and incubated for
remaining time. Transfer of cells and scoring of EAE were as in Methods.
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Figure 4.9: Kinetics of MBP presentation: MBP-PDC present antigen after 24 h.
MBP-PDC (5 ug/ml) were incubated with dep-SPC for 24 h as in previous
experiment. DC were then separated from co-cultures as in Fig 4.8 and were used to
stimulate fresh MBP-sensitized dep-SPC for further 72 h. Fifty million cells were
transferred and recipients were scored for the clinical signs of EAE as before.

within the CNS.

MBP dissociates from hypotonically-shocked myelin membrane preparations at
physiological ionic strength and neutral pH and is subsequently degraded by proteases
in the preparation. After 1-3 hour a steady state is established where at least 50% of
the original MBP has undergone extensive degradation to very small peptides, while
about 10% is detectable in the incubation media as intact MBP and a few large
peptide fragments (Chantry et al, 1988). In parallel incubations, much less MBP was
lost from myelin preparations isolated without freeze-thaw and hypotonic shock. MBP
and a series of large MBP peptides were present in the medium but the extensive
degradation appeared much reduced (Fig. 4.10).
MBP and its fragments in media from myelin membrane incubations have not been
exposed to the strongly denaturing conditions (0.1M HC1) used in the isolation of
purified MBP and might thus have different conformations and requirements for
antigen processing. To test this possibility, hypotonically shocked myelin preparations
were incubated for two hours in physiological medium (see Methods) which was then
used to pulse DC. The DC pulsed in this fashion activated MBP-specific spleen cells
for transfer of clinical EAE not significantly different from those pulsed with acidextracted purified MBP (Fig. 4.11).
It seems clear from these experiments that enough MBP is being liberated in the
medium from hypotonically-shocked myelin membrane preparations to be picked up
by DC and presented to MBP-specific T cells. To examine a putative role for
macrophages in rendering membrane-associated MBP more assessible to APC, a
myelin preparation isolated without hypotonic shock was used so that the lamellar
compaction might be better preserved. Nevertheless, MBP was released from this
preparation into incubation media (see Fig. 4.10). DC pulsed with these media
activated

spleen cells for EAE transfer (Fig. 4.12). Addition of macrophages to

a.

1

2

3

4

b. 1

2

3

PLP
MBP

Figure 4.10; MBP dissociates from myelin membrane preparations and is degraded:
the effect of membrane hypotonic shock on this process. Myelin preparations isolated
with or without hypotonic shock (hypo) were incubated for 2 h after which membranes
and media were analysed as in Methods, (a) SDS-12.5% PAGE showing membranes:
1, no-hypo, zero time; 2, no-hypo, 2 h; 3, hypo, zero time; 4, hypo 2h. The major
myelin polypeptides, MBP (18 and 14 kDa) and proteolipid protein (PLP) are
indicated, (b) SDS-15% PAGE showing 2 h incubation media: 1, no-hypo; 2, hypo;
3, acid extracted, purified rat MBP.
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Figure 4.11: Presentation of mvelin membrane preparations bv DC: antigenicity of
material dissociating from hvpotonicallv shocked mvelin membranes compared with
purified MBP. DC (4 million/ml) were pulsed with supernatant from a 2h incubation
of hypotonically shocked myelin membranes (250 ug/ml) or with purified MBP (50
ug/ml). Subsequent culture with dep-SPC, transfer and scoring of clinical EAE were
as in Materials and Methods.

incubations of these myelin preparations produced supernatants which were less
effective for DC pulsing and activation of encephalitogenic lymphocytes as revealed
by delayed onset of EAE. However, this effect of macrophages appeared to be
reversed by chloroquine.

4.3 DISCUSSION:
The major conclusion from these results was that, epitopes of MBP, which induce
EAE in Lewis rats, do not require macrophage-mediated antigen processing and are
presented efficiently to T cells by DC. A similar conclusion was reached from the in
vitro lymphoproliferation experiments described in the previous chapter and was
discussed in terms of the lack of secondary stucture of the MBP molecule. In Lewis
rats several epitopes of homologous MBP are encephalitogenic (Happ & Heber-Katz,
1988), although it is not clear whether these are identical to the major epitopes which
promote lymphoproliferation (Mannie et al, 1989).
DC are less effective than macrophages in degrading proteins as discussed in
preliminary chapters (see also Austyn, 1987). Exposure of purified MBP and myelin
membranes to macrophages did not enhance, and generally reduced, the amount of
encephalitogenic determinants available for presentation by DC, at least as
determined

by the

EAE

transfer

assay.

Thus,

chloroquine

may

protect

encephalitogenic determinants from being degraded by reducing acidity in endosomes
and lysosomes and hence enhance their presentation by DC. On the other hand,
chloroquine had very little, if any, visible effect on the degradation of MBP by
macrophages in biochemical experiments described in the previous chapter.
Furthermore, chloroquine treatment of DC prior to pulsing with MBP marginally
enhanced rather than suppressed the presentation of MBP. One interpretation for this
may be that, by bringing the pH of endososmes/lysosomes close to neutrality,
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Figure 4.12: Effect of macrophages on mvelin membrane presentation: is it
chloroquine sensitive ?. Myelin was isolated from unfrozen rat brains and was spared
hypotonic shock. Myelin (50 ug/ml) was incubated for two hours in culture medium.
Supernatants from these incubations were used to pulse DC. Myelin membranes were
also incubated with macrophages in presence or absence of O.lmM chloroquine in a
separate group. Macrophages and myelin membranes were removed by spinning and
supernatants were used to pulse DC. Incubation with APC - depleted SPC and
transfer were as in Methods.

,

chloroquine may reduce the dissociation of determinants of MBP from la in these
compartments.
Once encephlitogenic determinants (EDs) of MBP have become bound to la
molecules on (or in) DC in an immunogenic form, they are presumably protected
from further proteolysis as also shown by Donermeyer & Allen, (1989) for HEL.
Indeed, in the presence of specific T cells, immunogenic complex of MBP with DC
appeared stable for at least 48 hr. On the other hand, apparent susceptibility of
encephalitogenic determinants to proteolysis by macrophages may have implications
for immunogenic presentation of MBP within the CNS. Recent evidence indicates that
microglia are the key CNS antigen presenting cell in the induction of EAE (Hickey
and Kimura, 1988). Microglia with dendritic morphology have been observed in rat
CNS; however, since the expression of MHC class II on these cells was greatly
increased during EAE they appear not to be classic lymphoid DC with constitutive
high levels of MHC class II (Matsumoto et al, 1986). Isolated microglia share with
macrophages the ability to process ovalbumin (Frei et al, 1987). However, microglia
may have less degradative potential than macrophages since they lack the macrophage
marker enzyme, non-specific esterase (Hayes et al, 1988). This might be the cell
population within the CNS which may take the role of both DC and macrophages
during EAE. It would therefore be interesting to evaluate the role of purified
microglia in presentation of MBP and other foreign proteins outside the CNS. It
would then be possible to relate the current studies on MBP presentation with the
target organ in EAE, the CNS.
Finally, the present study demonstrates the practical use of MBP-pulsed DCenriched cell populations for highly efficient

activation of encephalitogenic

lymphocytes. Thus, DC may prove useful as presenters in future studies using either
crude APC-depleted lymphocyte populations or MBP-specific T cell lines and clones.

CHAPTER 5

ANTIGENIC

COMPETITION

BETWEEN

FOREIGN

PROTEINS

AND

ENCEPHALITOGENIC DETERMINANTS OF MBP IN ANTIGEN PRESENTATION.

5.1 Introduction
Results described in previous chapters have demonstrated that DC pulsed with
either MBP or macrophage-processed ovalbumin can present immunogenic epitopes
of these antigens to MBP- or ovalbumin-specific T cells, respectively. This indicated
that Lewis rat MHC class II molecules were capable of binding to both MBP and
ovalbumin fragments. Experiments described in this chapter, therefore, used
ovalbumin as a competitor with MBP for binding to APC, in an attempt to suppress
responses to MBP in vitro and in vivo.
There have been numbers of reports outlining the non - specific nature of antigen
binding to la molecules on APC (Buss & Werdelin, 1986b; Guillet et al, 1987; Buss
et al, 1988; Unanue & Allen, 1987) and also to purified la molecules (Buss et al,
1986a). Guillet et al, (1987) have shown that peptides capable of being presented by
a given class II molecule compete with each other and inhibit activation of specific T
cells. They, along with Buss et al (1987b; 1988), additionally demonstrated that the
activation of antigen specific T cells can also be inhibited competitively by nonstimulatory peptides (see Chapter 1).
So far, all studies on la binding and competition are based on cocktails of synthetic
peptides. Using the system of antigen presentation described in previous chapters, it
was possible to design experiments to investigate antigenic competition on DC
between multideterminant proteins like ovalbumin and MBP. MBP has been shown
to have more than one encephalitogenic determinant in Lewis rats (Happ & HeberKatz, 1988). The number of ovalbumin epitopes immunogenic in Lewis rats is not

known, althought results in Chapter 3 suggest that T cells respond to epitopes present
in both the intact but denatured molecule, and to small proteolytic fragments.
Because ovalbumin and MBP can be recognized in the context of Lewis rat la, it can
be assumed that these antigens should bind to these MHC molecules with similar
affinities. To examine whether competition for the binding to la molecules in or on
DC could inhibit the presentation to T cells, a competitive proliferation assay was set
up using MBP and ovalbumin. Subsequently, experiments were set up to determine
whether responses to encephalitogenic determinants of MBP could also be inhibited
using this approach of antigen competition.

5.2 RESULTS:
5.2.1 Lymphoproliferative responses to MBP: inhibition bv antigen competition for
presentation bv DC.
Proliferative responses to MBP were inhibited considerably

when MBP and

ovalbumin were present free in the medium with LNC from MBP-sensitized animals
and normal DC for the complete 72h incubation period (Table 5.1a). Macrophageprocessed ovalbumin competed more effectively with MBP than native ovalbumin at
all concentrations of MBP. Inhibition of MBP responses could be achieved with as low
as 1:2 molar ratio of processed-ovalbumin (the molecular weights of MBP and
ovalbumin are 18.4 and 43 kDa, respectively; thus, lOOug/ml MBP:400ug/ml
ovalbumin represents a molar ratio of roughly 1:2). In parallel experiments, in vitro
responses to ovalbumin were inhibited by MBP (Table 5.1b).
Pulsing DC simultaneously with stimulating antigen (MBP or ovalbumin) and
competitor (ovalbumin and MBP, respectively) also resulted in a significant reduction
of proliferative responses to either MBP (Fig. 5.1a) or ovalbumin (Fig.5.1b). Once
again inhibition of the MBP response was more effective when processed ovalbumin

Table 5.1a: Inhibition of MBP response by competition with OVA:

MBP (ug/ml)

NO OVA
(MBP alone)

Pr. OVA
(400 ug/ml)

Native OVA
(400ug/ml)

0

3143 ±

410

3229 ±

568

3083 ± 192

100

10325 ±

321

6332 ±

247

9608 ± 885

50

10471 ± 1006

5940 ± 1246

9614 ± 994

25

6361 ±

1580 ±

5780 ± 658

392

239

Table 5.1b: Inhibition of OVA (processed) response by competition with MBP:
Pr.OVA(ug/ml)

NO MBP (OVA alone)

MBP (400 ug/ml)

0

1219 ± 172

1327 ± 218

100

7050 ± 677

2085 ± 656

50

3756 ± 586

1602 +. 173

25

3915 ± 308

1007 _+ 256

Table 5.1: Inhibition of proliferative responses to MBP and OVA bv antigen
competition. Lymph nodes from MBP/CFA (Table 5.1a) or OVA/CFA (5.1b) immunized rats were depleted of APC as in Methods and incubated (1 x lCf/well)
with NDC (1 x 104/well) and various concentrations of MBP and/or OVA. OVA was
processed (Pr.) by adherent normal splenic macrophages and proliferative responses
were measured as the means and SDs of [3H]thymidine incorporation of triplicates as
described in Methods.
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Figure 5.1; Antigen competition for presentation bv DC to MBP or OVA-specific T
cells. DC were pulsed with MBP, OVA or a mixture of MBP + OVA. In A, MBP was
50 ug/ml and OVA was 400 ug/ml in either in its native form (N.OVA) or MOprocessed form (Pr.OVA), i.e. a molar ratio of MBP:OVA of about 1:4. In B, OVA
(50 ug/ml) was in processed form and MBP was added at 400 ug/ml, representing a
molar ratio of OVA:MBP of about 1:8. Pulsed (PDC) or normal (NDC) DC (1 x
104/well) were then incubated with LNC (1 x 105/well) depleted of APC (LNC-APC)
from (A) MBP/CFA or (B) OVA/CFA-immunized rats. After 72 h
lymphoproliferation was determined by [3H]thymidine incorporation and data were
expressed as means and SDs as in Methods.

was used as a competitor, but even native ovalbumin as a competitor reduced the
response to MBP by 70%.
In vitro responses to MBP could also be inhibited when other unrelated antigens like
the A- and B- chains of insulin were used as competitors (Table 5.2). Although
proliferative responses to oxidized insulin chains could not be detected, insulin chains
were presumably binding to la molecules on DC to inhibit MBP presentation. The
question of binding to la molecules by non-immunogenic peptides has been addressed
by other authors (Bebbit et al, 1985; Buss et al,1988).

5.2.2 Antigen competition between encephalitogenic determinants (EDsl of MBP and
ovalbumin:
These experiments were designed to see whether presentation of EDs could also be
inhibited when ovalbumin was used as competitor. DC pulsed with MBP (2 ug/ml)
activated APC-depleted spleen cells for transfer of EAE (Fig. 5.2). Addition of
macrophage-processed OVA to the DC pulsing incubation, simultaneously with MBP
at approximate molar ratios of 2.5:1 and 20:1 caused progressive reduction in the
severity of the transferred disease (Fig. 5.2). This suggests that OVA can compete
efficiently with MBP at the presentation level in a dose dependent manner.
Spinal cord sections from animals with EAE showed intense infiltration of cells
whilst in those animals with minimum signs of transferred EAE (i.e, in MBP+ OVAPDC groups), the cellular infiltration was greatly reduced (Fig. 5.3).
The antigen competition between OVA and MBP was dependent on prior processing
of OVA by macrophages as native OVA was much less effective in competing and
suppressing signs of transferred EAE (Fig. 5.4). It should be noted at this point that
medium from macrophage incubations alone had no inhibitory effect on antigen
presentation as shown in chapter 4.

Table 5.2: Inhibition of the MBP response by competition with insulin chains A & B:.

LNC - APC

IN VITRO RESPONSES TO:
INS-B
MBP
INS-A

+NDC

2247 ± 293

7841 ± 419

+ MBP-PDC

7436 ± 480

ND

ND

+ MBP/INS-A-PDC

2204 ± 247

ND

ND

+ MBP/INS-B-PDC

1721 ± 219

ND

ND

+ INS-A-PDC

ND

7763 ± 283

+ INS-B-PDC

ND

ND

2359 ± 473

ND
2593 ± 486

Table 5.2: DC were pulsed with MBP (50 ug/ml), INS-A (50 ug/ml), individually or
a mixture of MBP+ INS-A or MBP+INS-B representing a molar ratio of INS:MBP
of about 10:1. Pulsed (PDC) or normal (NDC) DC (1 x 104/well) were then
incubated with LNC depleted of APC (LNC - APC; 1 x 10s/well) from MBP/CFA,
or INS-A/CFA- or INS-B/CFA-immunized rats. After 72 h lymphoproliferation was
determined by [3H]thymidine incorporation and data were expressed as means and
SDs as in Methods. ND, not determined.
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Figure 5.2: OVA inhibits presentation of MBP bv DC to MBP-specific T cells
determined bv EAE transfer in Lewis rats: effect of OVA concentration. DC (5-6 X
106/m l) were pulsed with MBP (2 ug/ml) or MBP (2 ug/ml) + MO-processed OVA
(80 or 10 ug/ml), i.e. in molar ratios of 1:2.5 and 1:20. lire pulsed DC (1 X 106) were
then incubated (72 h) with dep-SPC (80 x 106) from MBP/CFA-immunized rats as
described in Methods. Fifty million viable cells were injected into each naive rat.
Clinical signs of EAE were monitored as in Methods.

Figure 5.3: Histological differences in spinal cords from MBP-PDC and MBP/OVAPDC groups. Longitudinal sections of cervical spinal cord, haematoxylin and eosinstained, magnification X 187. (a) 6 days post cell transfer, dep-SPC with MBP-PDC;
(b) 6 days post cell transfer, dep-SPC with MBP + OVA-PDC.
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Figure 5.4: OVA inhibits presentation of MBP hv DC to MBP-snecific T cells
determined bv EAE transfer; effect of native (Ni or MO-processed (Pr.1 OVA as
competitors. DC (3 X 104/ ml) were pulsed with MBP (2 ug/ml) and OVA (80 ug/ml),
a molar ratio of about 1:20. OVA was added in either its native or processed form.
Subsequently, DC were incubated with dep-SPC, cells were harvested, transferred to
naive rats, and EAE monitored as in figure 5.2.

Pulsing DC with a mixture of MBP+ INS-A or MBP+INS-B also inhibited the
activation of MBP-specific T cells for EAE transfer (Fig. 5.5).

5.2.3 Kinetics of antigenic competition;
The order of pulsing of DC with competitor (OVA) was critical in determining of
the degree of inhibition observed. After a 2 h pulse with MBP, DC could be kept for
a minimum of 24 h at 37°C in antigen-free medium without affecting their ability to
subsequently activate encephalitogenic lymphocytes (Fig. 5.6). However, MBP-PDC
were rendered substantially less stimulatory after 6 h incubation in medium containing
processed ovalbumin (Fig. 5.7a). When DC were first pulsed for 2 h with ovalbumin
and then pulsed for 2 h with MBP, subsequently transferred EAE was profoundly
inhibited, but if the secondary pulsing with MBP was extended to 6 h then maximal
EAE was transferred (Fig 5.7b).
These results suggest that viable DC, pulsed with MBP, form immunogenic
complexes stable for at least a day in the absence of competing antigens, but that in
their presence, the initially-associated antigen is freely exchangeable over a period of
a few hours.

5.2.4 OVA inhibits primary in vivo T cell responses to MBP.
On the basis of in vitro antigen competition on DC, the inhibitory effect of the
competitor antigens and peptides on primary induction of autoaggressive T cells in
vivo was examined. It has been shown before (Table 5.1b and chapter 3) that OVA
elicited a primary immune response in Lewis rats when injected with CFA.
Presumably it is processed by macrophages at the site of inoculation or in draining
lymphoid tissue. It was decided at this point to investigate whether OVA could
compete in the primary T cell responses to MBP in vivo which lead to EAE. At
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Figure 5.5: A and B chains of insulin block the presentation of MBP bv DC to MBPspecific T ceils: DC were pulsed with MBP (2 ug/ml) or MBP (2ug/ml) + INS-A or
INS-B (20 ug/ml), representing a molar ration of INS A or B: MBP of 100:1. PDC
were incubated (72 hr) with dep-SPC. Cells were harvested and transferred and
recipient rats were scored daily for clinical signs of EAE as in Methods.
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Figure 5.6: Stability of immunogenic complex of MBP with DC: presentation bv DC
for up to 24 h post-pulse with MBP. DC were pulsed with MBP (2 ug/ml) for 2 h
After washing PDC were left in antigen-free medium for either 6 h or 24 h at 37°C.
DC were washed at each time point and incubated with dep-SPC for a further 72 h.
Cells were harvested, injected and clinical EAE monitored as before.
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Figure 5.7: OVA inhibits presentation of MBP bv DC to MBP-specific T cells
determined bv EAE transfer: sequence of pulsing determines efficiency of competition.
DC were incubated for 2 h in medium with no antigen, then pulsed with MBP (2
ug/ml) or MBP (2 ug/ml) + MO-processed OVA (80 ug/ml) at a molar ratio of
MBP:OVA of about 1:20. Another set of DC were first pulsed with one of the
antigens for 2 h then washed and pulsed for a further 2 h or 6 h with the other
antigen (in Fig. 5.7a, MBP 1st and Pr. OVA 2nd; in Fig. 5.7b, Pr. OVA 1st and MBP
2nd). Pulsed DC were then incubated with dep-SPC, cells were harvested, injected and
clinical EAE monitored as in figure 5.2.

molar ratios of 1.5:1 and 5:1, OVA abolished clinical signs of MBP/CFA-induced
EAE (Fig. 5.8a). Induction of active EAE was also abolished when INS-A or INS-B
were used as competitor with MBP/CFA (Fig 5.8b)
Spinal cord sections from animals immunized with MBP/CFA for active EAE
showed intense infiltration of cells and perivascular cuffing whilst in those from
animals immunized with M BP+OVA/CFA, the intensity of cellular infiltration was
much reduced (Fig. 5.9).
To determine whether the in vivo inhibition by OVA resulted in a complete
abrogation of the primary responses to MBP, spleen lymphocytes from OVA +
MBP/CFA-immunized rats were incubated with MBP-pulsed DC and then injected
into syngeneic normal recipients. These recipients developed EAE with the same
clinical severity as those injected with splenic lymphocytes from MBP/CFA-immunized
donors, but the disease onset was delayed by 3 days (Fig.5.10)
The inhibitory effect of the competitor (OVA) on primary induction of MBP-specific
T cells was also assessed by proliferative responses. Rats were immunized with MBP
and a five fold molar excess of OVA as competitor, and the proliferative response to
MBP was assayed. An inhibitory effect of OVA on the generation of lymphocytes
responsive to MBP as compared with control was observed (Table 5.3). Interestingly,
the T cell response to OVA was also reduced indicating that in this situation MBP
may be acting as competitor. Lastly the syngeneic response (i.e, to NDC) was itself
reduced in LNC from MBP+OVA-immunized rats compared to those from rats
immunized with either antigen alone.

5.2.5 Antigen competition within the target organ, the CNS:
Encephalitogenic T cells are thought to encounter MBP associated with MHC class
II molecules on APC within the CNS; as a result, the T cells secrete lymphokines
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Figure 5.8: OVA
INS-A and INS-B (b) inhibit MBP/CFA induction of EAE. Rats
were immunized with 0.1 mg of MBP/CFA or a mixture of MBP (0.1 mg) + OVA
(0.3 mg or 1.0 mg) or MBP (0.1 mg) + INS-A or INS-B (0.3 mg) in CFA; i.e. at
molar ratios of about 1:1.5 or 1:5. for OVA and 1:30 for insulin chains. Immunized
rats were scored for clinical signs of EAE as in Materials and Methods. Data are
expressed a s mean _+ SD for three rats in each group.
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Figure 5.9: Histological differences between MBP/CFA and MBP+OVA/CFAimmunized rats. Longitudinal sections of cervical spinal cord, haematoxylin and eosinstained, magnification X 187. (a) 16 days post immunization with MBP/CFA; (b) 16
days post immunization with MBP + OVA/CFA at a molar ratio of 1:5.
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Figure 5.10: OVA inhibits in vivo induction of MBP-primed cells for subsequent
transfer of EAE. Rats were immunized with either MBP/CFA or a mixture of MBP
+ OVA/CFA as in figure 5.8a (OVA:MBP, 5:1). After 12 days, SPC were isolated
from both sets of rats, depleted of APC, and incubated with DC that had been pulsed
with MBP (2 ug/ml). After 72 h in vitro, cells were harvested, injected into naive rats,
and clinical signs or transferred EAE were monitored as in Methods.

Table 5.3: Inhibitory effect of OVA on the in vivo induction of a T-cell response to
MBP:

LNC - APC

APC deD. LNC as resDonders from:
MBP/CFA
OVA/CFA
MBP+ OVA/CFA

+ NDC

1982 ± 476

2188 ± 249

785 ± 108

+ MBP-PDC

5591 ±

2341 ± 308

1518 ± 145

+ OVA-PDC

2666 ± 361

20994 ± 2100

11273 ± 523

63

Table 5.3: Rats were immunized with either 0.1 ug MBP or 1 ug OVA in CFA or a
mixture of MBP + OVA/CFA. After 9 days, LNC were isolated from all three sets
of rats and depleted of APC. MBP- (50 ug/ml) or OVA- (50 ug/ml) pulsed or normal
DC (1 x 104/well) were then incubated with LNC depleted of APC (LNC-APC; 1 x
105/well). After 72h lymphoproliferation was determined by [3H] thymidine
incorporation and data were expressed as means and SDs as in Methods.

which initiate the inflammatory event leading to EAE (Wekerle et al, 1986). Data
presented in this chapter not only suggest that a antigen competition takes place at
the APC level, but it also indicates that a protein bound to APC could be exchanged
with a competing antigen. Was it possible to use this novel approach of antigen
competiton within the target organ, the CNS, to suppress clinical signs of EAE?
Experiments were designed to answer this by infusing competing antigen, i.e.
ovalbumin, into the CNS.
Lewis rats were implanted with screw-cap catheters in the 3rd ventricle of the brain
at least 10 days prior to cell transfer. Competing antigen (OVA) or saline were
infused daily from day 0, the day of cell transfer. Two different experiments are shown
(Fig. 5.11a and Fig.5.11b). In one experiment (Fig. 5.11a), ovalbumin (200ug) or saline
was infused daily as 10 ul over 10 min., while in another experiment (Fig. 5.11b), the
daily volume of ovalbumin (200ug) and saline was increased to 40 ul over 20 min. In
the former experiment, recipients infused with saline only developed EAE with the
same clinical severity as those of normal recipients, but the clinical signs of EAE
were almost abolished in recipients infused with ovalbumin (Fig. 5.11a). On the other
hand infusion of 40 ul saline alone, suppressed clinical signs of EAE and ovalbumin
infusion did not show any significant additional suppression (Fig. 5.11b).
These preliminary results demonstrate that ovalbumin may be able to compete with
autologous MBP on resident APC populations within the CNS. Suppression of EAE
by the large volume of saline alone (40 ul over 20 min) may be due to diluting various
factors necessary to bring about the inflammatory event leading to the disease or
stress induced.
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Figure 5.11: Antigen competition within the target organ, the CNS: infusion of
ovalbumin or saline in brains via catheters. Lewis rats were implanted with screwcap catheters in the 3rd ventricles of brains as described in Methods. Breifly,
implantations were performed at least 10 days before cell transfer. Progress of
implanted rats was monitored daily by weighing. These rats never displayed any
abnormal behaviour. Normal rats (not implanted with catheters) from the same batch
were kept as controls for normal transfer of EAE. Animals were infused with 10 ul
(Fig 5.11a) or 40 ul (Fig. 5.11b) of saline or saline containing 200 ug ovalbumin daily
using a Micro-electric pump at a rate of 1 ul/min. Rats were infused 2-4 h before cell
transfer and than daily until recovery. Preparation of cells for transfer of EAE as in
Methods. Fifty million cells were injected and recipients monitored for clinical signs
of EAE as before.

5.3 DISCUSSION

Ovalbumin was shown to prevent competitively, the development of the clinical and
histological manifestation of autoimmune disease induced by MBP. These results
provide the first evidence for competition at the level of APC binding between a
multideterminant autoantigen, MBP and epitopes of a foreign protein, OVA. Effective
inhibition of MBP responses was dependent on the concentration of OVA and was
more pronounced when OVA was first processed, presumably due to binding la
molecules on DC with a greater affinity. It is unlikely the inhibition by processed
OVA reflects an effect other than competition with MBP for binding to MHC class
II molecules on DC, because DC were incubated with the competing antigens and
then thoroughly washed before co-culture with lymphocytes. Direct binding studies
with purified Lewis rat la will be required to prove this argument unequivocally.
A & B chains of insulin inhibited both in vitro and in vivo responses but failed to
stimulate specific T cells. Previous authors have commented on this issue when an
antigen was able to bind MHC class II molecules but was unable to stimulate T cells
(Adorini et al, 1988a; Allen et al, 1987; Buss et al, 1987b). Buss et al (1987a) for
instance, showed that non-stimulatory synthetic peptides of ovalbumin with a single
amino acid difference, inhibited not only the binding of immunogenic peptides to la
molecules but also inhibited proliferative responses by specific clones. Insulin chains
might thus be acting in a similar fashion in this system of antigen presentation by
competing successfully for binding to MHC molecules on DC but failing to stimulate
LNC from Lewis rats immunized with either insulin A or B chains. It has also been
shown recently that residues from both A and B chains are required for insulin
presentation (Glimecher et al, 1983).
Whether MBP-Ia association takes place on the cell surface or requires cellular
uptake of MBP followed by presentation of a MBP-Ia complex on the plasma

membrane is not resolved. However, the complex once formed is very stable since
PDC were able to present MBP for at least 24 h after a 2 h pulsing. However, when
DC were first pulsed with MBP for 2 h then incubated for either 2 h or 6 h in
ovalbumin-containing medium, subsequently transferred EAE was profoundly inhibited
only when ovalbumin was present for 6 h. In a reverse experiment, when DC were
first pulsed with ovalbumin for 2 h and then pulsed for 2 h with MBP, transferred
EAE was clearly inhibited, but if pulsing with MBP was extended to 6 h then maximal
EAE was transferred. These experiments support the possibility of peptide exchange
in the presence of a competing antigen and do not favour the view that only newly
synthesized MHC molecules are available for binding new antigen (Cresswell, 1985).
These results are similar to those reported by Adorini et al (1989), in which responses
to HEL were inhibited even when a competitor peptide was added up to 18 hr after
a stimulatory peptide.
The abrogation of actively-induced EAE (MBP/CFA) and of primary T cell
responses to MBP by ovalbumin in vivo parallels observations by Adorini et al( 1988a)
who showed that a synthetic peptide corresponding to residues 46-62 of mouse
lysozyme, although not immunogenic itself, effectively inhibited the priming for T cell
responses when injected into mice together with foreign protein or peptide antigens.
In the present experiments, suppression of active EAE most likely involved reduction
in the number of autoagressive T cells, induced by MBP, by competition in the
binding at the level of antigen-MHC in vivo. The effect of the competitor on the
prevention of the disease in vivo seemed more potent than the effect in the in vitro
competitive assay.
Preliminary results described in this chapter also suggest that competing antigen
(ovalbumin) infused into the CNS, could inhibit clinical signs of EAE, presumably by
competing with endogenous MBP. Microglia, have been shown to be the key resident

APC within the CNS in the initiation of transferred EAE (Hickey and Kimura, 1988)
and hence may be the target cell for antigen competition, in this situtation.
Whilst the present studies were in progress, a number of reports have been
published on the effect of antigen competition in suppressing EAE (Wraith et al,
1989; Urban et al, 1989; Sakai et al, 1989;). In those studies, a range of mutant MBP
peptides were used as competitors against an encephalitogenic peptide, i.e the
response to only one determinant was inhibited. In data described in this chapter,
responses to multi-determinant MBP were inhibited with a physiologically-processed
foreign protein, ovalbumin. The protection of mice in these other studies cannot be
explained by more effective binding of competing peptides to la molecules (I-Au) in
vivo because after co-immunization, lymph node T cells from these mice proliferated
almost normally in response to the encephalitogenic/immunogenic peptide. T helper
cells from mice co-immunized with encephalitogenic peptide and competitor MBP
peptide were indistinguishable from those immunized with encephalitogenic peptide.
The proliferative responses to encephalitogenic peptide were inhibited (70-90%) in
both types by pretreatment of T cells with the anti-V beta 8 monoclonal antibody
(Kumar et al, 1990), which recognises a T cell receptor segment specific for MBP
peptides (Acha-Orbea et al, 1988; Vandenbark et al, 1989). Kumar et al (1990)
therefore, suggest that co-immunization with competitor MBP peptide may induce
anergy or antigen-specific non-responsiveness in disease-causing T cells that have high
affinity for the encephalitogenic MBP peptide or have high T cell receptor density by
recognizing competitor MBP peptide. Perhaps lower affinity T cells, presumably far
less effective in inducing disease, are not anergic and would give rise to the
proliferative response to encephalitogenic MBP peptide after co-immunization.
In Lewis rats, autologous MBP contains multiple encephalitogenic epitopes (Happ
and Heber-Katz, 1988). Blocking presentation of these epitopes, as shown in this

chapter, could be effective in preventing and treatment of an autoimmune disease.
This novel approach may require synthetic peptide(s) of ovalbumin which may be able
to block an MHC allele largely associated with EAE and leave the responses
mediated by other alleles intact. Finally, the inhibition of EAE by infusing competing
antigen within the target organ, the CNS, is the first such approach. It may have
implications in human autoimmune diseases caused by, or dependent on,
autoaggressive T cells, restricted by MHC class II molecules.

CHAPTER 6

DEMYELINATING-LIKE EAE IN LEWIS RATS: A NEW APPROCACH.

6.1 Introduction:
EAE in Lewis rats is widely studied as an animal model for multiple sclerosis (MS)
(Paterson 1977; Wekerle et al, 1986). Rats develop an acute monophasic illness from
which they either die or most often recover completely (reviewed by Paterson, 1976;
Richert et al, 1979). Pathologic examination of the CNS shows perivascular cuffing
with lymphocytes and macrophages and little or no demyelination. It has been shown
that the clinical signs of EAE are not due to demyelination but rather to inflammatory
oedema (Hoffman et al, 1973; Lassmann and Wisniewski, 1979). Despite a lack of
demyelination, passively-transferred EAE in Lewis rats is useful in studying the basic
immunological events such as processing and presentation requirements of an auto
antigen, MBP, which may be relevant to MS. The ascending progression of weakness
in EAE and intense perivascular cuffing shows at least some resemblance with MS
and, like MS, EAE is an organ (CNS)-specific disease. To make it more relevant to
MS, the final part of this thesis concentrates on developing a model in Lewis rats with
myelin loss.
Several studies have suggested a role of demyelinating antibodies in the pathogenesis
of EAE (Lassman, 1983; Wisniewski et al, 1982). Sera from guinea pigs with chronic
relapsing EAE show a humoral response against glycolipids of myelin (Schwerer et al,
1984; Glynn et al, 1986) and myelin/oligodendrocyte glycoprotein (MOG) (Lassmann
et al, 1988). Chronic EAE sera can mediate demyelination in vitro (Bomstein et al,
1961) and in vivo after injecting into the CSF (Lassmann et al, 1983). It can be
anticipated that during the course of T cell-mediated EAE, any circulating antibodies
could pass the impaired blood-brain barrier and initiate demyelination. A monoclonal

antibody (8-18C5) to a CNS glycoprotein fraction which reacts with a 55kDa myelin
oligodedrocyte glycoprotein (MOG) has been shown to have demyelinating activity
when injected into rats with acute T cell-mediated EAE (Linington et al, 1988).
The following sections of this chapter describe a novel approach in inducing an
antibody-mediated demyelinating-like disease by immunizing Lewis rats with a crude
myelin glycoprotein preparation and then transferring MBP-activated T cells. This
immunization induces antibodies which after transfer of encephalitogenic T cells, may
cross the blood brain barrier, bind myelin antigens within the CNS and hence initiate
demyelination. Serum samples from these rats may therefore be useful in locating
antigens other than MOG which may be targets for antibody-mediated demyelination.

6.2 Results:
6.2.1 Clinical and pathological patterns of glycoprotein-enhanced EAE:

Lewis rats were immunized and boosted with a myelin glycoprotein preparation
before the transfer of encephalitogenic T cells (see Figs. 6.1 and 6.2). All rats
immunized with the myelin glycoprotein preparation showed high titres of antibody
as measured in an ELISA (Fig. 6.3). Transfer of MBP-activated splenocytes into
myelin glycoprotein-immunized and -boosted rats (Glyco-rats) resulted in a very severe
and quick onset of EAE and death (Fig. 6.4). Unlike EAE transferred with 40-50 x
106 cells in normal recipients in which rats gradually reach maximum clinical scores
by day 6 post transfer, Glyco-rat recipients were usually moribund (> 3 score) by day
4-5 post transfer. Clinical signs in Glyco-rats, who received 40-50 x 106 MBP-activated
cells, progressed very rapidly, and in most cases was lethal, with minimal intermediate
clinical signs (see Table 6.1 for summary). Sometimes, a few of these rats surviving
to day 6, went into convulsions. Reducing the number of transferred MBP-activated
SPC allowed survival for a longer period although in no case was recovery fully

Figure 6.1: SDS-PAGE of unfractionated bovine mvelin and Lentil-Lectin-reactive
glycoprotein. Myelin and glycoprotein were isolated as in Methods. Samples were
mixed with SDS-sample buffer and separated by SDS-10% PAGE. Lane 1, Bovine
myelin (40ug) ; lane 2, bovine myelin glycoprotein (15ug).

DEMYELINATING-LIKE EAE IN LEWIS RATS

IMMUNIZE X3 WITH GLYCOPROTEIN

3 days

MBP ACTIVATED T CELLS
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DEMYELINATING-LIKE EAE

Figure 6.2: Schematic representation of myelin glycoprotein-enhanced EAE in Lewis
rats. Lewis rats were immunized and boosted with myelin glycoprotein (50 ug/rat)
three times subcutaneously as in Methods. Three days after the last boost, MBPactivated T cells were injected and recipients were monitored for clinical signs of EAE
as before. GLP, indicates myelin glycoprotein immunized rat.
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2, or 3) and a normal rat (NRS) was estimated by an ELISA using plates coated with
crude myelin glycoprotein (see Methods). D ata shown are the means +. SD of
triplicate determinations.
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Fig 6.4: Clinical course of glycoprotein-enhanced EAE: effect of transferred cell
numbers.: Rats were immunized with myelin-glycoprotein as in Methods. APC
depleted SPC from MBP-immunized rats were then stimulated with MBP-PDC
(lOug/ml; 72h) and injected (40, 25, 5, or 1 million cells/rat) into glycoproteinimmunized rats (Glyco-rats). Each group initially comprised 3 rats which were scored
daily for the clinical signs of EAE as in Methods. *, indicates that at least one rat
died and >3, indicates that rats were either moribund or close to death.

Table 6.1: Glvcoprotein-enhanced EAE:

Exp. No.

Day of onset
(DPT)

Day of maximum
clinical signs & score

No. of rats

1

3

4 & >3

6/6

2

3

4 & >3

6/7

3

4

6 & >3

6/6

Table 6.1: Glvcoprotein-enhanced EAE. Rats were immunized with myelin glycoprotein
preparations as in Fig 6.4. Transfer of MBP-activated spleen cells and scoring of
clinical signs was as in Methods. Exp. 1, 40 x 106; Exp. 2, 25 x 106; and Exp. 3, 10
x 106 MBP-activated SPC were transferred. Note that 40 million activated SPC in
normal recipients initiated EAE with clinical course similar to Figs. 6.7c and 6.7d; 25
million SPC into naive recipient initiated EAE with delayed onset (day 6) with
maximun clinical score of 2; 10 million activated SPC never initiated visible signs of
EAE in naive normal recipients.

achieved. By contrast, Glyco-rat recipients of 1 x 106 cells showed prolonged minimal
signs of EAE. Interestingly, rats receiving 5-10 million activated SPC, sometimes
showed a prolonged (up to 20 days) and severe (grade >3) EAE. Similar numbers
of activated SPC (10 X 106) initiated no signs of EAE in normal recipients, although
a well defined course of EAE was observed in normal recipients with 50 million
activated cells as described in previous chapters. Inflammation and especially the
myelin loss in the lesions were massively enhanced as compared to EAE in normal
recipients (compare Figs. 6.5a & 6.5d). Myelin sheaths were destroyed with wide a r $
of perivascular infiltration in Glyco-rats. The dominating cell type in the demyelinating
lesions was stained by monoclonal antibodies against macrophages (Fig. 6.6).

6.2.2 Measurement of MBP in CSF from demvelinating-like EAE:

MBP has been shown to be present in the CSF of some MS patients during and
immediately after a clinical exacerbation and is suggested to indicate ongoing
demyelination (Cohen et al, 1976; Ohta et al, 1980). CSF samples were collected from
Glyco-rats with EAE at various time points and tested for presence of MBP. The
method used for CSF collection via catheters allowed collection of more than one
sample of CSF from the same rat rather than one terminal CSF sample described
by Rauch and colleagues (1987). MBP was found in CSF samples from rats at the
onset of glycoprotein-enhanced EAE but not from normal transferred EAE (Fig. 6.7).
By contrast, numbers of lymphocytes, and large cells (presumably macrophages) in the
CSF samples did not correlate with the onset of the disease (Table 6.2).

6.2.3 Splenic DC from glvcoprotein-enhanced EAE stimulate encephalitogenic T cells:

Elevated levels of MBP were present in CSF from Glyco-rats after encephalitogenic
T cell transfer. To test whether MBP was liberated outside the blood-brain barrier
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Fig. 6.5; Histological evaluation of glvcoprotein-enhanced EAE: a dose response of
transferred MBP-activated spleen cells. EAE was induced as in Fig 6.4. Spinal cords
from normal EAE or sick Glyco-rat EAE were removed at the height of clinical
scores and fixed in 4% formalin. After paraffin emedding and sections were cut (10
u)and stained with Luxol Fast Blue (LFB) and cresyl fast violet by as in Methods. A,
4 dpt; B, 10 dpt; & C, 17 dpt; are from glycoprotein-immunized rats; 25, 5, 1 million
cells respectively. D, 6 dpt; from PBS-immunized rat; 25 million cells.

Fig. 6.6: Histological evaluation of glvcoprotein-enhanced EAE; immunostaining with
EDI and Ox-42 antibodies. This was kindly performed by Gillian Hayes (MS Society
laboratory). Spinal cords from sick Glyco-rat EAE (5 dpt) were removed as in Fig
6.5 and snap frozen in isopentane cooled on liquid nitrogen. In A, cryostat sections
(lOu) were fixed with ice cold acetone for 10 min. and stained with EDI (1:100) using
diaminobenzidine as the peroxidase substrate. In B, sections were (10 u) were fixed
with absolute ethanol for 2 min. at room temperature and stained with OX-42 (1:100)
and alkaline phosphatase with a blue substrate kit (Vector labs).
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Fig. 6.7: Estimation of MBP in CSF samples: Catheters were implanted in cistema
magna at least three days before the cell transfer as in Methods. Forty million MBPactivated SPC (dep-SPC + MBP-PDC; 72h) were injected into normal or Glyco-Rats
as in Fig. 6.4. CSF (20-30 ul) was collected as in Methods every 24 hours at the start
(0-2 dpt) and every 12 hours during the peak signs of EAE. Tubes containing CSF
were spun to remove cells and samples with over 30,000 RBC/ul were discarded.
Samples were analyzed by Nigel Groome (Oxford Polytechnic) for MBP in an ELISA
(see Groome et al, 1985). MBP data (bar of 0) are presented for each rat separately
in relation to clinical score (•—•). *, indicates death of rats. A & B are from Glycorats and C & D are from cellular transferred EAE in normal rats. >3, indicates rats
were moribund.

Table 6.2: Cell counts in CSF samples in normal and Glvco-rat EAE,

Cells
(no./ul)

DPT

0

NORMAL TRANSFER EAE
2
4
6
8

Rat *1
RBC
7
Lymphocytes
0.5
MO/DC
Clinical Score 0

GLYCO-RAT EAE
2
4
5

0

1.2
0.6
0.1
2

1.2
0.05

0

1.2
1.2
1

Rat #2
RBC
7
Lymphocytes
0.5 1.2
MO/DC
Clinical Score 0
0

1.2
1.2
1

1.2
0.1
0.05
2-3

X
X
X
2

35

10
0.2

6
0.1

Rat 53
RBC
Lymphocytes
MO/DC
Clinical Score

1.2

-

6.2
-

-

0.2 12
0.17 0.2

30

2

-

—

-

-

2

0

0

-

0

-

2

-

-

-

-

-

0

0

2

3

1

6
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X
X
0.06 0.06 X
>3
>3 ★
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—

1
0.1 0.1
0.1 0.1
0
>3
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— - X
—
X
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0

2

0.6
0.8
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Table 6.2: CSF was collected from normal transferred EAE and glycoprotein enhanced EAE (Glyco-rats) as in Fig. 6.6. After spinning the tubes, the cell pellet was
resuspended in an euqual volume of PBS and viable cells counted using trypan blue
exclusion. Cells were estimated on the basis of morphology. Red blood cells (RBC,
oval disc shape); lymphocytes (round); MO/DC (large cells with rough surfaces or
processes). X, indicates CSF flow ceased; *, indicates death. Numbers are 1 x 10'3.
DPT = days post transfer.

(BBB) and retained by APC in lymphoid tissue, DC were separated from spleens from
these demyelinating rats with peak signs of EAE, 4-5 days post transfer (see Fig. 6.8
for the protocol) and used to stimulate MBP-specific T cells without exogenous MBP.
Since clinical disease was evident in glycoprotein-immunized recipients of relatively
low numbers of MBP-activated spleen cells (5 x 106 cells; Fig. 6.4), Glyco-rats were
used as recipients for the transfer of MBP-sensitized SPC, putatively stimulated by DC
bearing endogenous MBP. DC separated from Glyco-rats with severe EAE (SGDC)
stimulated MBP-specific T cells for EAE transfer in separate sets of Glyco-rats (Fig.
6.9) but not in normal naive recipients (see Table 6.3). DC from control glycoproteinimmunized rats (GDC) which had not recieved MBP-activated cells, failed to
stimulate encephalitogenic T cells (Fig. 6.9). Spinal cords of these "secondary’' sick
Glyco-rats exhibited areas of cellular infiltration and some myelin loss (Fig. 6.10).
These secondary transfer experiments were not easily reproducible as on some
occasions DC from very sick rats failed to stimulate spleen cells from MBP-immunized
rats. In these experiments, sometimes the onset was considerably delayed and disease
prolonged. Data from five sets of experiments are summarisezed in Table 6.3. These
differences between experiments could be due to the variability in responses to MBP
both in vivo and in vitro and may also depend on the degree of myelin loss in the
primary rats. However, the successful secondary transfers suggested that some MBP
must have been released from myelin and ultimately retained by DC in the spleen.

6.2.4 Target antigen for demvelination:
Having established an EAE model with myelin loss, the next part of this chapter
concentrates on the target antigen for this antibody-mediated demyelination. Serum
samples from

Glyco-rats with EAE were immunoblotted against crude myelin

glycoproteins. Most of the reactivity was seen in a band of about 75 kDa in
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Figure 6.8: Schematic representation of myelin givcoprotein-enhanced EAE in Lewis
rats: a flow chart of method for "secondary" presentation of endogenous MBP by DC.
See text and table 6.3 for details.
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Fig. 6.9: DC from sick Glvco-rats present endogenous MBP: DC were separated from
spleen cells of sick Glyco-rats (SGDC) or from control rats immunized with myelin
glycoproteins (GDC). APC-depleted SPC were then incubated with these DC
populations for 72h without exogenously added MBP. Rats were scored daily for
clinical signs of EAE as in Methods. Each data point represents the means of three
rats per group.

Table 6.3:

Exp.
no.
1
2
3
4
5

Day of onset
(DPT)
7
16
0
5
11

Maximun
clinical score
0.5
3
0
2
2.5

Rat no.
(Glyco)

R at no.
(normal)

2/3
1/3
0/3
3/3
2/3

0/3
N.D.
N.D.
0/3
N.D.

Table 6.3: DC from sick Glvco-rats stimulate spleen cells from MBP-immunized rats:
a summary of 5 experiments. DC were isolated as in Fig 6.8 from spleens of rats
showing maximun clinical signs of EAE (in almost all experiments after at least 24 h
with grade 3 or more; in exp. 2, DC were isolated from Glyco-rats 48h with grade
>3). APC depleted SPC (80 x 106) from MBP/CFA-immunized rats were incubated
with isolated DC for 72h (SGDC, 5 x 106 in exp. 1, 2 & 5; & 10 x 106 in exp. 3 & 4).
As controls, DC from glycoprotein rat (GDC, no cellular transfer) were incubated
in similar numbers with APC-depleted SPC. Fifty million cells were injected into
either, Glyco-rats or normal rat recepients and disease monitored as in Methods.
Recipients of cells incubated with GDC, did not showed any signs of EAE.

Fig. 6.10: DC from sick Glvco-rats present endogenous MBP; histological
examination; Spinal cords from "secondary" Glyco-rats (one rat each from Fig. 6.8; 7
dpt) were processed as in Fig. 6.4. (A) GDC, DC from control rats immunized with
myelin glycoprotein; (B) SGDC= DC from glycoprotein-enhanced EAE. Arrows show
cellular infiltration and myelin loss.

glycoprotein preparations from both bovine and rat myelin (Fig.6.11). This novel
antigen, designated DTA (demyelinating target antigen) was then purified on DEAE
and CM-Sepharose columns (Fig. 6.12) and used to immunize rats. All serum samples
from DTA-immunized rats, when blotted against the crude myelin glycoprotein for
either bovine or rat brain, reacted only with the DTA bands (Fig. 6.13). Both DTA
or crude glycoprotein-immunized rats showed similar clinical signs of EAE after
transfer of activated encephalitogenic T cells (Fig. 6.14). Spinal cord sections from rats
immunized with DTA showed cellular infiltrates, perivascular cuffing and myelin loss
while rats immunized with PBS/CFA (X 3) showed some infiltration but no myelin
loss (Fig. 6.15). Thus, antibodies to a myelin specific antigen (DTA), but not to
mycobacterial antigens, were capable of initiating demyelination in Lewis rats with
EAE.

6.3 Discussion;
Many models of acute monophasic EAE are characterized pathologically by
inflammation of the CNS with absent or minimal demyelination (Avord et al., 1984).
This feature has limited the usefulness of acute EAE as a model for MS, a chronic
neurological disorder characterized pathologically by prominent demyelination in
association with inflammatory cells. Recently, it has been demonstrated that a
monoclonal antibody against a myelin/oligodendrocyte glycoprotein (MOG) can
augment demyelination in Lewis rats (Linington et al, 1988). This chapter describes
a new approach for antibody-mediated demyelination in Lewis rats. Rats immunized
and boosted with myelin glycoprotein before transfer of MBP-activated cells, showed
severe clinical signs of EAE with substantial myelin loss. This chapter also
demonstrates a novel demyelinating target antigen (DTA), which may be responsible
for this demyelination.
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Fig. 6.11; Immunoblotting of sera from glycoprotein-immunized rats against crude
bovine glycoprotein preparation. SDS 15%-PAGE was performed on crude
glycoprotein preparations from bovine (B) and rat (R) myelin as in Methods. Gels
were blotted with serum samples (1 in 200; 2-3 hr at room temp.) from rats previously
immunized with bovine myelin glycoprotein followed by peroxidase-labelled anti-rat
IgG (1 in 1000). Blots were developed with DAB as in Methods.
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Fig 6.12: SDS-PAGE on bovine mvelin glycoprotein and purified DTA. DTA was
purified from bovine myelin glycoprotein as described in Methods, using DEAESephacel and CM-Sepharose columns. Samples were mixed with SDS-sample buffer,
separated by SDS-10% PAGE and stained with Coomassie Blue (see Methods). Lane
1, Lentil Lectin-reactive glycoprotein (8ug); lane 2, CM-Sepharose eluate (1.6ug).
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Fig. 6.13: Immunoblotting sera from DTA-immunized rats against bovine or rat
myelin glycoprotein. Same procedure as immunoblotting for glycoprotein was used to
detect antibody to DTA in sera from DTA-immunized rats (see legend for Fig. 6.10;
B =bovine glycoprotein, R = rat glycoprotein). Bovine and rat glycoprotein were blotted
against serum from: lane 1 & 2, bovine myelin glycoprotein-immunized rats; lane 3
& 4, purified DTA-immunized rats as in Methods.
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Fig. 6.14: Purified DTA induces enhanced EAE. Rats were immunized with either
DTA (5-10 ug) or with crude myelin glycoprotein (50 ug) using the same protocol as
in Fig. 6.2. Three days after the last boost with these antigens, MBP-activated spleen
cells (25 x 106) were injected as in Methods. Animals were observed daily for the
clinical signs of EAE as before. *, indicates rat death. Each data point indicates mean
clinical score of 3 and 2 rats immunized with glycoprotein and DTA,respectively.

Fig. 6.15; Immunization with purified DTA induces mvelin loss: histological
examination. Spinal cords (5 days post transfer) were fixed in 4% formalin solution,
sections (T.S.) cut and stained with LFB as before. Arrows show with myelin loss. A,
DTA/CFA-immunized ricipients; B, control rats immunized with PBS/CFA

Glycoprotein-enhanced EAE described in this chapter appeared more sensitive than
anti-MOG - enhanced EAE (Linington et al, 1988). Only 2-5 million of a polyclonal
population of MBP-activated splenocytes (compared to 4 million MBP-specific line
cells by Linington et al, 1988) were required to cause severe neurological signs. This
polyclonal population presumably contains less than 5% encephalitogenic T cells,
suggesting that most of the damage in CNS is done by antibody to myelin glycoprotein
antigens and appears to be independent of activated T cells once the BBB is impaired.
The reason why this model is more intense than that of Linington et al, (1988) could
be due to the continuous presence of antibody to myelin antigens in Glyco-rats as
opposed to single anti-MOG injections at the onset of EAE. But why those rats with
anti-MOG show less clinical signs despite gross demyelination, is not clear.
Demyelinating lesions in anti-MOG as well as glycoprotein-enhanced EAE depended
on number of MBP-activated cells injected.
Although at present mainly myelin lipid antigens, galactocerebroside and
gangliosides (Dubois-Dalq et al., 1970; Roth et al., 1985) along with MOG (Lassmann
et al., 1988) have been defined as targets for demyelinating immune reactions in
EAE, in this chapter, a novel demyelinating target antigen (DTA) of about 75 kDa
is also shown to have similar property. Rats immunized with purified DTA before
being injected with MBP-activated splenocytes, also showed severe signs of clinical
EAE with significant myelin loss.
MBP is exclusively located in the myelin membrane, constituting about 30% of all
proteins in myelin. Elevated concentrations of MBP in spinal fluid have been
determined by radioimmunoassay in patients with MS and have been claimed to
reflect ongoing demyelination (Cohen et al, 1980). It has been shown in this chapter
that the concentrations of MBP in CSF rose with the onset of clinical signs of
glycoprotein-enhanced EAE. No measurable MBP was detected in CSF of rats with

normal transferred EAE.

Another interesting but not very consistent observation was that in at least two out
of five attempts, DC separated from spleens of rats with severe EAE and myelin loss,
stimulated APC-depleted spleen cells from MBP-immunized rats without exogenous
MBP for subsequent transfer of EAE in Glyco-rats. DC separated from spleens of rats
immunized with myelin glycoprotein alone (no cellular transfer) failed to do so. This
suggests that after a substantial release of MBP from myelin, MBP may ultimately be
retained by APC populations within the spleen or other lymphoid tissues.
Failure to consistantly observe "secondary" transfer of EAE may reflect the small
number of T cells activated by DC bearing what are likely to be very small ammounts
of endogenous MBP. Thus, in recipients of these T cells only a small amount of anti
glycoprotein antibody may enter the CNS and this may reduce the clinical signs and
longevity of the disease. This may resemble the case when only 1-2 X 106 cells
activated by MBP-PDC initiated disease which was less severe (as in Fig. 6.4).
Nonetheless, if this phenomenon of DC picking up endogenous MBP out side the
CNS is genuine, then it bears an important implication for what might be an
amplification mechanism in MS where demyelination occurs over a long period. This
may lead to the sensitization of T cells to MBP because of presentation of MBP by
APC not only within, but also outside, the CNS. Future work, with a more chronic
model

of

glycoprotein-enhanced

EAE,

and

a

monoclonal

encephalitogenic T cells may yield more clues to this possibility.
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CHAPTER 7
GENERAL DISCUSSION AND FUTURE DIRECTIONS:

7.1

Processing and presentation of MBP and ovalbumin by macrophages and

dendritic cells:

MBP has a very low content of secondary protein structure (Martenson, 1986). Thus,
it is highly susceptible to proteolysis and many epitopes in the native molecule are
likely to be freely accessible for la binding. The observations, described in chapter 3,
that MBP is extensively degraded by macrophages but can be presented in its native
form by DC to T cells, follow from these molecular properties. Ovalbumin, a protein
2-3 times larger than MBP, probably with far

more complex secondary and tertiary

structure (DeLisi & Berzofsky, 1985), was relatively resistant to macrophage
degradation. Furthermore, ovalbumin required processing by macrophages either to
a partially unfolded intact form, or to small oligopeptides, before it could be presented
to T cells by DC.
Macrophages alone appeared incapable of presenting either MBP or ovalbumin to
T cells. Thus, it was proposed that, for proteins like ovalbumin, cellular cooperation
between macrophages and DC is required for sequential processing and presentation
(see chapter 3). A similar scheme has been suggested previously by Inaba et al (1981)
from experiments on antibody production to SRBC and KLH.
Transfer of EAE was used as an assay for activation of encephalitogenic T cells by
MBP-pulsed DC. Full activation required pulsed DC-T cell contact for 48-72 h.
Immunogenic complexes of MBP with DC were stable for at least 24 h after a 2 h
antigen pulse. However, in the presence of an excess of processed ovalbumin, an
exchange appeared to take place such that previously pulsed MBP was displaced in
less then 6 h (see chapter 5). These values are of the same order as those found in

experiments by Adorini and co-workers (1989; 1990). They showed that peptide
exchange on unfixed APC with a competitor peptide took place irrespective of
whether the competitor peptide was added together with antigenic peptide or up to
24 h later; by contrast, the exchange of peptides was greatly reduced on fixed APC
(Adorini et al, 1989). These results together with the insensitivity of this exchange to
lysosomotropic agents like chloroquine or ammonium chloride (Adorini et al, 1990),
suggest that unlike antigen processing, peptide exchange does not require an acidic
environment, but does require uptake into a viable APC compartment.
Future experiments in this area will be required first, to determine the effect of
lysosomotropic agents on the chromatographic patterns of macrophage-processed
ovalbumin (cf.Fig. 3.3). As the processing of ovalbumin by macrophages was blocked
by chloroquine, it would be interesting to determine whether chloroquine had similar
effect on the generation of the putative denatured 43kDa ovalbumin and of the 1.5 2kDa oligopeptide fraction and their efficient presentation by DC. More generally,
further fractionation of the 1.5-2kDa immunogenic ovalbumin peak on HPLC may
also resolve naturally-processed immunogenic and non-immunogenic peptides in Lewis
rats.
More experiments are needed to determine whether proteins other than ovalbumin
require sequential processing and presentation by macrophages and DC, respectively.
It will also be important to determine at the same time whether other proteins apart
from MBP require minimal processing eg. fibrinogen (Lee et al, 1988).
Myelin supernatants alone were capable of stimulating encephalitogenic T cells when
pulsed on DC (chapter 4). It would be crucial therefore, to investigate, whether 14
kDa MBP itself, eluted from myelin membranes at neutral pH, can really be
presented by DC without macrophage processing or whether the results in chapter 4
were due to the presence of small encephalitogenic peptides generated by myelin-

associated proteases (see Fig. 4.10).
Finally, an important unresolved question would be to determine whether interaction
of MBP/ovalbumin with la, and antigenic competition, takes place at the surface of
DC, or requires internalization. The data of Adorini et al (1989, 1990) discussed
above suggests that competition for la binding requires uptake into a non-acidic
intracellular compartment. Agents like monensin have been shown to

inhibit

antigen transport through the cell surface (Puri & Factorovich, 1988). Therefore, it
would be interesting to investigate the effect of these agents on MBP presentation by,
and antigen competition, on DC. Immuno-electron microscopy may be another
approach to partially define the site of interaction with la at different time points after
pulsing with antigen.

7.2 Immunologic inhibition of autoimmune disease: antigen competition and other
strategies.

Processed ovalbumin was shown to competetively inhibit presentation of MBP by
DC in vitro and could thus block transfer of EAE. Apparently, non-immunogenic
peptides, INS-A and INS-B chains, also competed for presentation with MBP.
Furthermore, primary induction of encephalitogenic T cells in vivo could be inhibited
by co-immunizing ovalbumin or INS-A or INS-B with MBP. Preliminary evidence was
obtained that ovalbumin infused into the CNS could compete for presentation with
endogenous MBP within the target organ for EAE; i.e. the CNS. The ability of
ovalbumin to block EAE when injected in the target organ, the CNS, suggests strongly
that competition for la binding between ovalbumin and endogenous MBP may be
taking place in vivo. Clearly, further experiments are required to confirm this
suggestion, possibly using non-immunogenic peptides such as INS-A or low molecular
weight peptides from "naturally-processed" ovalbumin. Also, to prove conclusively

that ovalbumin was in fact competing and binding to class II molecules on resident
APC within the CNS, one approach would be to introduce ovalbumin-specific T cells
systemically at the same time as the rat received intrathecal ovalbumin. If these rats
showed signs of encephalitis, it could be safely stated that ovalbumin-specific T cells
may recognise ovalbumin in association of MHC class II within the CNS. This may
then lead to the secretion of lymphokines and an inflammatory event leading to
disease similar to EAE. Holoshitz et al (1984) have shown that anti-PPD cell lines
could be induced to enter the CNS by intracerebral inoculation of PPD and cause
encephalitis. These data suggest that T lymphocytes can mediate a variety of neuropathological reactions directed by the presence of specific antigens, self or foreign.
What would be more interesting, if MBP as a competitor in this situation, introduced
intracerebrally, could block the encephalitis.
Ovalbumin was introduced in the CNS in its native form to avoid complexities of
processing in vitro. As it successfully blocked EAE, it can be postulated that resident
APC within the CNS may be able to process ovalbumin before binding to la
molecules. Isolated microglia have been shown to process and present ovalbumin to
specific T cell lines (Frei et al, 1986). It will also be interesting therefore, to compare
the survival of encephalitogenic determinants on exposing MBP to either macrophages
or microglia in vitro prior to EAE transfer.
Several reports recently used mutant MBP peptides as competitors with
encephalitogenic MBP peptides to suppress EAE as discussed in chapter 5. A different
approach to suppressing EAE stems from the observation that in both mice and rats,
encephalitogenic cloned T-cell lines have very restricted receptor variability (AchaOrbea et al, 1988). Based on these results, prevention and reversal of EAE in mice
with V-beta 8-specific monoclonal antibodies was achieved by Acha-Orbea et al
(1988). Vaccination with attenuated MBP-specific T cell lines, has been shown to

protect animals from EAE (Ben-Nun et al, 1981; Lider et al, 1988; Vandenbark et al,
1989). These data indicated that protective immunity was against target structures
shared by different T-cell clones specific for the same disease-inducing epitopes. This
observation has been extended further by suppressing EAE using a synthetic T-cell
receptor (TCR) V beta 8.2 chain as an immunogen (Vandenbark et al, 1989).
The suppression of EAE either by blocking the presentation of MBP by competing
antigens as described in this thesis or inhibiting recognition of Ia-MBP complex by
TCR as discussed above, may prove useful in manipulating the human demyelinating
disease, multiple sclerosis. In either case MHC class II alleles or TCR usage-segments
have to be efficiently defined before these findings can be applicable to human
autoimmune diseases.
The association between certain autoimmune diseases and defined class II MHC
specificities in man suggests a role of these molecules in their pathogenesis (Todd et
al, 1988). It is reasonable to propose that the known function of MHC molecules in
presenting antigen to T cells is the reason why MHC is associated with these diseases.
Thus, blockade of these molecules by high affinity antagonists may represent a method
of intervening in the disease process through a reduction in the autoimmune T cell
response. Binding to la molecules with non-immunogenic peptides, which bind the
same class II allele as a given autoantigen, such as MBP, is an attractive idea as this
will selectively block the presentation of only MBP and may not affect the
presentation of other immunogens using different MHC alleles. Clearly, the
competitor peptides will have to be designed to withstand a battery of proteases in
vivo to be effective blockers of MHC sites. Infusion of competing antigen directly into
the target organs, CNS and joints may thus be a useful therapeutic approach to treat
autoimmune diseases such as MS and rheumatoid arthritis, respectively.

7.3 Development of a form of EAE with mvelin loss in rats and identification of target
antigen.

MBP-activated splenocytes were used to transfer EAE to rats which had been
induced to generate circulating antibodies to a myelin glycoprotein preparation. This
resulted in an enhanced form of EAE with evidence of antibody-mediated myelin loss.
The major target antigen appeared to be a novel myelin glycoprotein of approximately
75kDa. This EAE model and one involving injection of mouse monoclonal antibody
to a 55kDa myelin oligodendrocyte glycoprotein (Linington et al, 1988) were discussed
in chapter 6.
Future research is needed to make this model more relevent to MS. First and
foremost, will be the development of a reproducible chronic, if not relapsing, form.
Next, will be characterization of the pathology, at the electron microscopic level, to
determine whether demyelination is primary or secondary. Once this has been
established satisfactorily by comparison to MS, the model might be used to assess
therapeutic stratagies, or used in NMR studies to investigate dynamics of lesion
development. It may also be useful to look for evidence of antibody responses to
myelin glycoproteins in MS patient sera.
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