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Abstract
For a vertebrate to survive and reproduce it must be able to fight infection
efficiently throughout its life-span. The vertebrate immune system performs
this function by recognising, responding to, killing and remembering
pathogens.

A crucial component o f immunity is the dendritic cell, which

responds to inflammatory signals such as cytokines which are produced in
response to infection.

The invading pathogen is captured and partially

degraded by dendritic cells via a mechanism termed antigen processing.
Dendritic cells are specialised to prime specific T cells against small regions
(called determinants) derived from the pathogen by antigen processing.
Dendritic cells also control the T cell response towards self antigens, and in
this regard, organisms are thought to be most profoundly tolerant to dominant
(well-presented) determinants.

This thesis is a study o f how antigen processing by dendritic cells can be
affected by inflammatory stimuli. One cytokine interleukin-6 (IL-6), plays an
important role in inflammation and infection in vivo. IL-6 has been shown to
dramatically affect the processing and presentation o f determinants from a
model antigen. In our studies, simple addition o f IL-6 had little affect on the
processing o f various proteins. Dendritic cells activated in vivo by infection
with influenza A were investigated.

Dendritic cells enriched from the

mediastinal lymph nodes o f influenza infected mice could present a cryptic
(poorly presented) determinant o f hen egg lysozyme. Control dendritic cells
present only dominant determinants.

These data suggest that inflammation may alter the processing o f antigens
such that cryptic determinants o f an exogenous antigen can be presented.
This may support the concept that viruses, cytokines and dendritic cells play a
role in initiating anti-self immune responses. It may also support the idea that
this may be beneficial to the infected host. If the immune system can present
many antigenic determinants o f a pathogen, it may lead to a tighter control o f
the infection and in the long term a benefit to the immunological memory o f
the animal.
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Chapter 1
General Introduction

A major recent advance has been the development of techniques for culture o f
DC from progenitors and the capacity to generate DC with distinct functions
in vitro. This has allowed for a greater understanding o f DC origin, their
heterogeneity, their mechanisms of antigen uptake, and the signals that induce
their migration and maturation into immunostimulatory APC and the possible
therapeutic exploitation of DC. This introduction on DC aims to cover some
o f these established and emerging themes.

Following on from the

introduction on DC, generation o f the T cell repertoire will be discussed, in
particular the establishment of tolerance and how this is achieved not only in
the thymus but also in the periphery.

The immunodominance o f T cell

determinants is also introduced. The introduction finishes with an overview
of interleukin-6, including its biological functions and the role it plays in
many autoimmune diseases.

1.1

Dendritic cells

1.1.1

Introduction

Dendritic cells (DC) are a family o f bone marrow derived antigen presenting
cells (APC) with the unique capacity to activate naive T cells and to modulate
T cell responses (Steinman, 1991). Not only are DC important in the
induction of conventional immune responses, but also in the induction and
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maintenance o f tolerance (Ibrahim et a l, 1995). DC are found in most non
lymphoid organs, including epithelia where DC are termed Langerhans cells
(LC), and the dermis and interstitia o f vascularised organs such as heart and
kidney.

DC are also present in blood and lymph and are present in all

lymphoid organs, where in the T cell areas they are called interdigitating DC
(Steinman, 1991).

Immature DC isolated from tissues can internalise and process native
exogenous antigen for major histocompatibility complex (MHC) class II
presentation but rapidly lose this ability in culture.

This process, termed

maturation, is accompanied by drastic changes in cell morphology and
motility, there is also upregulation o f MHC, co-stimulatory and adhesion
molecules which results in a marked increase in the ability o f the DC to
activate T cells (Celia et a l, 1997a).

1.1.2

Early discoveries in D C biology

First visualised as Langerhans cells (LC) in the skin in 1868, (Langerhans,
1868) the characterisation o f DC began only 27 years ago.

In 1973, Steinman and Cohn published the first o f five papers describing a
novel population of cells present in peripheral lymphoid organs including
spleen, lymph nodes and peyers patches (Steinman and Cohn, 1973). The
cells were distinct from phagocytes, lymphocytes and connective tissue cells
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by morphological criteria and were numerous in the spleen (Steinman and
Cohn, 1973; Steinman and Cohn, 1974) Phase contrast microscopy revealed a
distinctive shape and motility in this cell population.

Cytochemical stains

showed sparse acid phosphatase-positive granules illustrating lysosomes and
a lack o f membrane ATPase. Electron microscopic analysis demonstrated the
absence o f the well-developed endocytic
phagocytes (Steinman and Cohn, 1973).

system typical o f primary

Shortly thereafter these dendritic

cells named for their irregular shape and formation o f shiny processes were
distinguished by functional criteria (Steinman and Cohn, 1974).

The DC

were weakly endocytic in vitro (Steinman and Cohn, 1974) and in vivo
(Steinman et al., 1974) for a variety o f ligands, including antigen-antibody
complexes. The DC were also unresponsive to lymphocyte mitogens.

1.1.3

An origin in the bone marrow

The bone marrow origin o f DC was demonstrated in early studies o f tissue
repopulation in bone marrow chimeras (Steinman et al., 1974). Several other
laboratories made similar observations using bone marrow chimeras to
replenish DC in the epidermis (Frelinger et al., 1979), thymic medulla
(Barclay and Mayrhofer, 1981), interstitial spaces o f many organs (Hart and
Fabre, 1981) and afferent lymph (Pugh et al., 1983).

Collectively, these

studies provided ample evidence that DC are o f hematopoietic origin.
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1.1.4

Initialisation o f the concept o f D C fu n ctio n

The immunostimulatory behaviour o f DC was first shown when they were
found to be potent induces of the mixed allogeneic lymphocyte reaction
(MLR) (Steinman and Witmer, 1978). Later, DC were found to be critical in
forming primary antibody responses in vitro (Inaba et al., 1983). It was then
shown that direct clustering of the DC, T cell and B cell occurs and that the
antibody-forming cells develop within these clusters (Inaba et a l, 1984). As
well as activating CD4+ T cells, DC were shown to directly activate CD8+
cytotoxic T lymphocytes (CTL) in vitro in both mouse and human systems
(Inaba et al., 1987). In addition to this DC primed syngeneic influenza virusspecific proliferative responses and CTL from mouse T cells in vitro
(Macatonia et al., 1989).

DC were also found to prime T cells in vivo. Splenic DC were pulsed in vitro
with protein antigens such as conalbumin or ovalbumin and injected into the
hind footpads o f mice. T cells isolated from the draining popliteal lymph
nodes proliferated ex vivo to the protein in an MHC restricted manner (Inaba
et al., 1990). After protein administration intravenously or intraperitoneally
DC in the spleen were the major source o f immunogenic protein (Crowley et
al., 1990). These findings have been complemented by the work o f Guery et
al., who showed that after administration o f protein emulsified in adjuvant,
DC but not B cells in the draining lymph nodes were able to present
processed protein to T cells ex vivo (Guery et a l, 1996).
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1. 1.5

Maturation o f D C

In the late 1980’s Steinman and co-workers established that DC exist in two
stages o f differentiation and therefore have a multi stage life cycle. During 3
days o f in vitro culture LC differentiated into immunostimulatory dendritic
cells (Schuler and Steinman, 1985). This established a relationship between
the two cell types and prompted further investigation. Freshly isolated LC
were found to synthesise and express MHC class II molecules (Pure et al.,
1990). Upon ex vivo culture these features changed so that little new MHC
class II was produced, phagocytosis and antigen processing were reduced,
Birbeck granules were lost and the capacity to stimulate T cells was increased
dramatically (Schuler and Steinman, 1985). We now know that LC represent
an immature DC in nonlymphoid tissues, where their function is to capture
antigen and subsequently migrate to secondary lymphoid organs where they
stimulate naive T cells. By the time they reach the lymph nodes they switch
their properties, losing their antigen capturing capacity while acquiring the
ability to activate T cells.

This process was termed the maturation o f

dendritic cells and was thought to involve migration (Schuler and Steinman,
1985).

1.1.6

D C recruitm ent and migration

Following on from the experiments outlined above, transplanted and
explanted skin experiments illustrated that a similar maturation process
occurs in vivo.

When Larsen and co-workers followed LC in transplants,
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both to syngeneic and to allogeneic recipients, the LC moved in large
numbers out o f the epidermis and into the dermal lymphatics (Larsen et al.,
1990).

The migrating cells exhibited features o f maturing DC.

These

included an enlargement in size, increasing levels o f expression o f MHC class
II and B7 molecules and an increase in T cell stimulatory function (Larsen et
al., 1990; Larsen et al., 1994). Topical application o f fluorescent compounds
such as flourescein isothiocyanate (FITC), leads to the production o f
cytokines such as tumor necrosis factor (TNF-a) and IL-1, and acts as a cell
marker. Such studies have shown that DC influx into lymph nodes occurs as
soon as 4 hours after antigen exposure, peaking at 2 days and then gradually
declining (Macatonia et al., 1986; Macatonia et al., 1987).

Systemic administration of lipopolysaccahride (LPS), TN F-a and interleukin1 (IL-1) can result in almost total depletion o f DC from heart, kidney and
spleen in treated mice within 1-3 days (Roake et al., 1995).

A functional

maturation appears to accompany this migration to the T cell areas o f the
spleen; this area is devoid o f DC 2 days following LPS administration (De
Smedt et al., 1996). These studies suggest that DC migration and maturation
can be induced by various inflammatory stimuli.

The question o f whether DC migrate through internal organs was addressed
by Matsuno and colleagues (Matsuno et al., 1996).

Carbon particles were

injected intravenously into rats that had surgical ablation o f the celiac lymph
nodes. Particle-laden DC were then collected via thoracic duct cannulation.
These studies highlight that hepatic DC phagocytose intravascular particles
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then enter hepatic lymphatics. The blood-lymph translocation o f DC at the
level of the hepatic sinusoids was confirmed by additional adoptive transfer
experiments (Kudo et al., 1997). DC in the liver may also migrate to the
spleen via the blood (Austyn, 1996).
In vivo studies have illustrated three migration pathways used by DC to
respond to foreign antigens in different anatomical compartments. DC can
migrate from epithelia via afferent lymph into regional lymph nodes, from
interstitial spaces of vascularised organs {e.g. heart and kidney) via blood into
spleen and from liver sinusoids via a blood-lymph system into celiac lymph
nodes.

These routes may be required respectively for the initiation o f

responses against foreign antigens at external epithelia sites, internal
interstitial sites and the bloodstream.

1.1.7

Role o f chemokines

Each step of DC migration involved in either their steady state distribution in
peripheral and lymphoid organs or in their recruitment following an
inflammatory signal is likely to be controlled, at least partially, by soluble
chemotactic factors known as chemokines.

Chemokines are 8-10 kDa secreted proteins that regulate migration and
activation o f not only leucocytes, but also o f stromal cells (Dieu-Nosjean et
a l, 1999).

The chemoattraction occurs in response to a local gradient o f

chemokines in the extracellular space. In vitro, DC respond to a wide variety
o f chemokines such as M IP -la, M IP-ip, M IP-3a, MIP3-P, MIP-5, MCP-3,
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RANTES, MDC, 6Ckine and SDF-1 (Dieu-Nosjean et al., 1999).

In

particular the effects o f M IP-3a also called liver and activated regulated
chemokine (LARC), MIP-3p and 6Ckine have been investigated and it has
been shown that they act sequentially during DC development (Dieu et al.,
1998).

These studies have shown that immature and mature DC are not

recruited by the same chemokines.

Immature DC respond in particular to

MIP-3oc, which acts through the CCR6 receptor, which is mainly expressed
on DC and lymphocytes. M IP-3a was found to be inducible by mediators o f
inflammation in vitro. In vivo, distribution o f this gene seems to be more
restricted to mucosal and inflamed tissue (Tanaka et al., 1999).

Upon

maturation induced by inflammatory mediators DC lose their responsiveness
to MIP-3ot through receptor down regulation or desensitisation, but acquire
responsiveness to M IP-3p/ELC and 6Ckine as a consequence o f CCR7
receptor expression (Dieu et al., 1998). M IP-3a mRNA is only found within
inflamed epithelial crypts o f tonsils, a site o f antigen entry guarded by
immature DC. In contrast, MIP-3p and 6Ckine are specifically present in the
T cell areas o f many secondary lymphoid organs where mature interdigitating
DC home.

The control o f DC migration is thus evolving into a complex process with the
participation o f many chemokines and many other molecules such as selectins
and integrins.
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1. 1.8

Function o f D C subsets

Distinct subsets o f DC have been described in the mouse, distinguished by
the expression o f C D 8a and their localisation in lymphoid organs: myeloid
and lymphoid DC refer to the likelihood that the respective subsets originate
from progenitors that can also give rise to macrophages or lymphocytes
(Young and Steinman, 1996; Shortman et al., 1997). C D 8a+ lymphoid DC
are found in the T cell areas o f lymph node and spleen and express high levels
of self peptide and are thought to play a role in peripheral tolerance. C D 8a'
myeloid DC are found mainly in peripheral tissues and in the marginal zones
of lymph nodes and spleen (Shortman and Caux, 1997).

Earlier studies

showed that C D 8a expression was a marker for thymic and splenic DC
arising from an early T cell/ DC progenitor (Wu et al., 1996). These C D 8a
expressing splenic DC were shown not to activate naive T cells, instead they
were shown to kill CD4+ T cells by Fas/Fas ligand induced apoptosis (Suss
and Shortman, 1996) and limit production o f IL-2 by CD8+ T cells reducing
their proliferation (Kronin et al., 1996). The proposed distinction between
myeloid and lymphoid not only includes a phenotypical difference but also
lies at a functional level, i.e., there are two types o f DC: one for immunity and
one for regulation or tolerance (Steinman and Inaba, 1999).

This is an

important concept because DC need mechanisms to regulate self-reactive
peripheral T cells. There is no clear way for all self antigens to reach the
thymus in utero and neither is there a clear way for DC to distinguish
between foreign and self antigens during antigen processing. This proposed
regulatory function of lymphoid DC means they would have the capacity to
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regulate self reactive T cells, either by the production o f IL-10 and other
cytokines or to induce apoptosis by the expression o f Fas ligand (Suss and
Shortman, 1996).

However, recent work by Maldonado-Lopez and co

workers has suggested that the Thl/Th2 balance in vivo is regulated by
C D 8a+ and C D 8a' DC respectively (Maldonado-Lopez et a l, 1999). These
observations provide a novel mechanism for the regulation o f Th-l/Th-2
development in vivo, but also add complexity to the current literature.

1.1.9

Follicular dendritic cells

Follicular dendritic cells (FDC) are found in the B cell regions o f all
secondary lymphoid tissue.

They exhibit a dendritic morphology, are

restricted to the light zones of germinal centers in the lymphoid follicles and
they trap and retain immune complexes on their surfaces for long periods o f
time (Tew et al., 1990; Tew et al., 1997). Germinal centers are characterised
by rapidly proliferating somatically mutating B cells and FDC play an
important role in regulating events in this special microenviroment. Germinal
center B cells compete for and bind antigens on the FDC and emerge as
antibody forming cells producing a high affinity antibody or as B memory
cells with high affinity receptors (Tew et al., 1997). Other features which are
generally accepted for FDC include the lack o f phagocytic activity, the
presence o f highly convoluted dendrites, one or more euchromatic irregularly
shaped nuclei, the presence of complememt receptors CR1 and CR2, and
adhesion molecules including ICAM-1 (CD54) (Petrasch et al., 1990).
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1. 1.10 Germinal center dendritic cells

A population o f DC distinct from FDC was isolated from human tonsils
(Grouard et a l, 1996).

These CD4+ C D llc + CD3‘ leucocytes have co

stimulatory activity and may derive from a subset o f dendritic cells identified
in human blood. Although their origin is uncertain, their location in germinal
centers suggests that they may be required to stimulate memory T cells during
secondary antibody responses (Grouard et al., 1996).

1.1.11 Thymic Dendritic cells

Within the thymus, DC do not behave as classical APC.

Here effective

interactions between DC and thymocytes do not determine T cell activation
but determine the negative selection o f autoreactive thymocytes, thereby
leading to the generation of central T cell tolerance (Ardavin, 1997). The
generation of the T cell repertoire including positive and negative selection
will be discussed in more detail in section 1.2.

Much of the research on thymic dendritic cells has focused on thymic DC
precursors.

Steinman and co-workers provided evidence o f an intrathymic

development of thymic DC (Inaba et al., 1988). They showed the formation
o f DC in v itro when thymic cells lacking CD4, CD8, surface immunoglobulin
(Ig) and MHC class II were cultured in the presence o f interleukin-1 (IL-1)
(Inaba et al., 1988).

It has also been demonstrated that the earliest

intrathymic CD4l0 T-cell precursor population in the mouse produces T cells
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and thymic DC after intrathymic transfer into sub-lethally irradiated congenic
mice (Ardavin et al., 1993). An extrathymic or intrathymic origin o f thymic
DC may help determine important differences in the availability o f peptides
o f self or non-self antigens that could be presented intrathymically by DC to
autoreactive T cell clones (Ardavin, 1997).

1.1.12 Differentiation o f D C fro m precursors

There is increasing evidence for distinct developmental pathways that
generate different dendritic cell subsets, LC, myeloid dendritic cell, monocyte
derived dendritic cell and lymphoid dendritic cells. Human DC have been
grown from CD34+ progenitors in fetal liver, cord blood, bone marrow and
adult peripheral blood (Caux et al., 1996; Reid, 1997). The combination o f
GM-CSF and TNT-a induces the growth and differentiation o f these DC,
which resemble LC or myeloid DC.

A population o f CD34+ progenitors

which express the cutaneous lymphocyte associated antigen (CLA), a skin
homing molecule, gives rise to a population o f mobile C D la+ cells that
contain Birbeck granules when grown in GM-CSF/TNF-a. These cells are
thought to be an in vitro correlate o f LC (Caux et al., 1996). On the other
hand, CD34+ CLA' progenitors from human blood give rise to relatively
|
s
!

sessile C D la+ DC that lack Birbeck granules and are a cell type resembling
myeloid dendritic cells (Strunk et al., 1997). DC can also be cultured from

I

human peripheral blood CD14+ CD la ’ monocytes. Unlike DC grown from
CD34+ progenitors in the presence o f GM-CSF, differentiation seems to
require a combination o f GM-CSF and IL-4 (Celia et al., 1997b).
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Mixed colonies of DC, macrophages and granulocytes can be grown from
mouse bone marrow in the presence o f GM-CSF alone (Inaba et al., 1990).
Culture in GM-CSF also stimulates the production o f DC from mouse blood.
Yields o f DC can be increased by culture in the presence o f Flt-3L, a ligand
for the Flt-3/Flk-2 tyrosine kinase receptor, which has been shown to increase
the numbers o f DC in a number of tissues when administered on a daily basis
(Maraskovsky et al., 1996).

1.1.13 D C markers

Despite extensive efforts by different research groups, a molecule expressed
exclusively by DC has not yet been identified. In mouse there are a group o f
three useful monoclonal antibodies (Agger et a l , 1990).

33D1 which

recognise only spleen DC (Crowley et al., 1990). The dendritic cell epithelial
(DEC-205) antigen, detected by the monoclonal antibody NLDC-145, is an
endocytic receptor involved in antigen processing (Jiang et al., 1995) which is
expressed by thymic DC and thymic epithelium.

The N418 marker

corresponding to the leucocyte integrin C D l l c remains the best thymic and
peripheral DC marker. Low expression o f N418 by peripheral monocytes and
macrophages has been reported (Crowley et al., 1990).

In common with other leucocytes, DC express CD45 isoforms (Freudenthal
and Steinman, 1990; Prickett and Hart, 1990). Other non-lineage-restricted
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antigens commonly found on the surface o f DC pertain to the migration and
function o f DC, see Table 1.1.
M onocyte

M yeloid

Lym phoid

Thymic

( CD34+ derived DC)
C D ld
CD4

CD4
C D 8a

CD8a/CD8(3

CD9

CD9

CD1 la

C D lla

C D lla

C D lla

C D llb

CD1 lb

CD1 lb low

CD1 lb low

CD 13

CD 13

CD 16/3 2

CD 16/32

C D32low

C D 18

CD 18
CD23

CD24

CD24

CD25

CD24

CD24

CD25

CD25
CD40

CD40
CD44

CD44

CD44

CD44

CD54

CD54

CD54

CD54

CD80

CD80

CD80

CD80

CD86

CD86

CD86

CD95low

CD95low

CD 102

CD 102

M HC class I

MHC class I

MHC class I

MHC class I

M HC class II

MHC class II

MHC class II

M HC class II

DEC 205'

DEC 205'

DEC 205

DEC 205

33D1

33D1

CD45RO
CD49d

Table 1.1 Summary o f the major cell surface markers expressed by murine DC subsets
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1. 1.14 Antigen Processing by D C

DC must be able to internalise any foreign antigen efficiently, regulate
antigen uptake, migration and T cell stimulatory capacity.

The endocytic

activity of DC has been extensively investigated (Steinman and Swanson,
1995). It has been shown that fresh DC isolated from non-lymphoid organs
are capable o f capturing and processing antigen but lose this property in
culture (Schuler and Steinman, 1985).

An in vitro model has allowed

identification of the mechanisms o f antigen uptake used by DC, aswell as the
stimuli which downregulate uptake (Romani et al., 1989; Inaba et al., 1990;
Stossel et al., 1990). Human peripheral blood monocytes cultured in GMCSF and IL-4 develop into DC that present soluble antigens with very high
efficiency. Antigen uptake can occur by three distinct mechanisms.
Macropinocytosis is a cytoskeleton dependent type o f fluid phase endocytosis
mediated by membrane ruffling and the formation o f large vesicles.

The

other two types o f uptake are receptor mediated. DC express FcyRII and the
mannose receptor, both o f which enable efficient capture o f antigen-antibody
complexes (Manca et al., 1991).

Fc receptors are degraded together with

their cargo, whereas the mannose receptor releases its ligand at endosomal pH
and is recycled, allowing uptake o f many ligands by a small number o f
receptors (Sallusto et al., 1995). DC can also phagocytose particles using the
mannose receptor or perhaps by macropinocytosis (Reis e Sousa et al., 1993).
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1.2

Generation of T cell repertoire

1.2.1

Introduction

Despite the fact that T cell immune responses can be primed by DC
presenting determinants derived from foreign antigen, the majority o f
determinants displayed by MHC molecules are in fact self in origin
(Rudensky et al., 1991). As clinically recognisable autoimmunity is not an
everyday occurrence, there must be mechanisms which avoid T cell self
reactivity and invoke a state o f T cell self-tolerance. Developing self-reactive
T cells in the thymus are deleted by negative selection. In order to combat
infection, the T cells that remain available in the repertoire must have T cell
receptors (TCRs) that adequately recognise foreign determinants in the
context of self MHC molecules: this can be accounted for by thymic positive
selection.

1.2.2

T cell development

The earliest T cell progenitors are the multipotent and self renewing CD34+
(in humans) haematopoeitic stem cells o f adult bone marrow.

In an

incompletely understood process, these stem cells can differentiate, change
phenotype and lose the ability to generate cells o f other lineages, (for example
the myeloid lineage), while becoming more committed to the lymphoid
lineage. The identification of a self-renewing but lymphoid committed stem
cell has not been forthcoming (Shortman and Wu, 1996). Additionally, the T
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cell progenitors which traffic to and seed the thymus are unknown, as are the
factors which regulate their movement. In the mouse thymus, the earliest T
cell progenitor found so far is the CD410 population initially identified by Ken
Shortman’s group. This cell can also form thymic DC, natural killer cells and
B cells (Shortman and Wu, 1996). Commitment to the T lineage probably
occurs before the functional rearrangement o f the p or y TCR chains. The
pre-TCR a chain, in association with a successfully rearranged p chain,
rescues thymocytes from apoptosis.

This pre-TCR dimer then induces

differentiation, so that a functionally rearranged a chain may be expressed
(von Boehmer and Fehling, 1997). The vast majority (95-97%) o f double
positive cells die in the thymus: much o f this is due to neglect, in other words,
a lack o f interaction with MHC molecules (von Boehmer and Fehling, 1997).

1.2.3

Positive selection

Early indications that positive selection o f thymocytes recognising self MHC
molecules must take place came from bone marrow chimaera experiments
(Jameson et al., 1995). Inbred homozygous mice (A) were lethally irradiated
and then rescued with bone marrow from mice o f mixed parentage, o f which
one parent was genetically identical to the irradiated mouse (AxB FI mice).
The T cells that developed in the irradiated mice after bone marrow transfer
were almost entirely restricted to the MHC molecules o f the recipient and o f
the shared parent (A) and not to the MHC haplotype o f mouse B.

This

showed that non-bone marrow derived cells regulated host MHC positive
selection of bone marrow derived thymocytes (Jameson et al., 1995). More
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information about the process o f positive selection has been elucidated, such
as the cell types responsible (thymic epithelia cells but almost certainly other
cell types too) and its location (the thymic cortex) (Anderson et al., 1996).
Experiments using TCR transgenic mice showed that the same peptide/MHC
complex could induce positive selection or negative selection depending on
the concentration o f the peptide present: low concentrations o f peptide caused
positive selection (Sebzda et al., 1994). Additionally, peptides which were
unable to activate mature T cells could mediate positive selection o f
developing thymocytes (Hogquist et al., 1994) while agonist peptides for T
cell activation could not induce positive selection (Hogquist et al., 1995). It
appears that thymocytes are positively selected on the basis o f having low
avidity for self-peptide/self MHC complexes; however the mature T cells that
result could have high avidity for foreign peptide/self MHC complexes or
allogeneic MHC.

During positive selection, the TCR on double positive

thymocytes will come into contact with MHC class I or MHC class II
molecules: this will determine whether a CD8 or a CD4 single positive
thymocyte will result (Jameson et al., 1995).

1.2.4

Negative selection

Thymocytes need to avoid negative selection in the thymus, and this process
has also been investigated using TCR transgenic mice (Kisielow and von
Boehmer, 1995).

Negative selection is the induction o f apoptosis in

thymocytes with high avidity for self-peptides.

Avidity is the sum o f the

affinity o f the T cell receptors, the density o f peptide/MHC complexes and
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the density of other costimulatory molecules. Perhaps because o f this, the
cells that mediate negative selection, (for instance thymic dendritic cells),
tend to have high levels of costimulatory molecules (Matzinger and Guerder,
1989).

Generally, negative selection deletes thymocytes recognising

abundant self-peptides with intermediate or high affinity and thymocytes with
TCR o f high affinity for other self-peptides (Kisielow and von Boehmer,
1995).

In turn this implies that some thymocytes may escape negative

selection. If the TCR o f these thymocytes have a low affinity for self this
should not be a problem, as the activation requirements for mature naive T
cells are more stringent than the threshold to induce negative selection in
thymocytes (Pircher et al., 1991; Sebzda et al., 1994). However, some T cells
recognising self-peptide with high affinity may escape negative selection
because the self-peptide is not expressed in the thymus. There could be two
reasons for this: either the peptide is not adequately processed from the
protein it is derived from by thymic APC, or the protein is not expressed in
the thymus. In the first case T cells could be activated against the self-peptide
if it is processed efficiently elsewhere by a different APC. In the second case,
other mechanisms probably exist to tolerise T cells against the large numbers
o f proteins whose expression is either tissue or developmentally regulated to
preclude thymic expression.

This is called peripheral tolerance and is

discussed below.
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1.2.5

Peripheral Tolerance

Although a large proportion o f T cells responsive to self-antigens are deleted
in the thymus, some may escape if their self-antigen is expressed below the
deletion threshold, or if they recognise a cryptic determinant (one that is not
normally presented). This is discussed in more detail in section 1.4. It seems
unlikely that all self-antigens will have access to the thymus and thus
autoreactive T cells may evade negative selection and enter the periphery.
Indeed, autoreactive T cells are part o f the repertoire o f healthy individuals
(Bums et al., 1983) and additional extra-thymic mechanisms are required to
maintain self-tolerance.

These include clonal deletion/exhaustion, anergy,

ignorance and immune regulation or suppression.

These will be discussed

briefly below.

1.2.5.1 Clonal deletion/exhaustion
In contrast to negative selection in the thymus, deletion o f mature
lymphocytes can occur due to the result o f a powerful immune response and
is hence termed “clonal exhaustion”.

Several systems have demonstrated

this. For example, rapidly replicating LCMV induces anti-viral CD8+ CTL
which, after a short period o f anergy, undergo deletion (Moskophidis et al.,
1993). High dose systemic antigen and chronic stimulation tend to favour
elimination of both CD4+and CD8+ T cells in these systems. Clonal deletion
may be important in downregulating and controlling an immune response,
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factors which are important in limiting host damage, maintenance o f self
tolerance and prevention o f autoimmunity.
1.2.5.2 Anergy

Clonal anergy has also been demonstrated to play a role in peripheral
tolerance.

Many of these studies have used various transgenic antigens

expressed in a tissue specific manner under several different promotors. In
one model transgenic mice expressing H-2Kb solely on pancreatic (3-cells
(RIP-K ) were crossed with mice expressing a TCR that recognises peptide in
the context o f H-2K TCR. Transgene positive T cells were not deleted and,
despite the persistence o f large numbers o f self-reactive T cells, the mice
t.

were tolerant and could accept K -expressing skin grafts (Morahan et al.,
1991).

It is thought that maintenance o f anergy may require continuous

presence of antigen, since anergic T cells can recover their functional status
after passive transfer into an antigen free host (Rocha et al., 1993).

1.2.5.3 Ignorance

Another method for maintenance o f tolerance in the periphery is T cell
ignorance. It is possible that some T cells never come into contact with their
antigen and thus remain naive. Two possible scenarios can account for T cell
ignorance.

Firstly, the self-antigen may be expressed in a location not

accessed by naive T cells. Recent evidence indicates that naive CD8+ T cells
need not recirculate through the tissues, but can be tolerised to tissue specific
antigens carried to the draining lymph nodes and cross presented by bone
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marrow derived cells. RIP-mOVA mice express a membrane bound form o f
ovalbumin in the pancreatic P-cells. When OVA-specific TCR transgenic T
cells were transferred into unirradiated RIP-mOVA mice, these cells homed
to the draining lymph nodes o f the kidneys and pancreas, proliferated (Kurts
et al., 1996) and were subsequently deleted (Kurts et al., 1997) by a FASdependent mechanism (Kurts et al., 1998). This form o f tolerance has only
been shown to occur with high dose self-antigen or those released from
apoptotic cells (Miller et al., 1998).

Secondly ignorance may occur if the T cell recognises a cryptic determinant
o f a self-antigen which is not presented to autoreactive T cells under normal
conditions (Lipham et al., 1991). However, in inflammatory situations the
antigen processing machinery can be altered (Fruh and Yang, 1999). During
extensive tissue damage, increased levels o f self-antigens are available for
APC and hidden determinants may be revealed. Such a mechanism may not
only be important in the initiation o f autoimmunity but is also thought to
contribute to the process of determinant spreading, resulting in chronic
autoimmune disease (Vanderlugt et al., 1998).

This is discussed in more

detail in Chapter 6.

1.2.5.4 Immune regulation or suppression

There is now accumulating evidence for the presence o f distinct subsets o f
regulatory T cells which may prevent potentially pathogenic, autoreactive T
cells from causing disease.

Regulatory T cells have been reported that
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mediate their suppression via cytokines.

A CD4+ T cell subset (T rl)

generated in vitro from human or mouse cells secretes high levels o f IL-10
and TGF-p and can inhibit antigen-specific proliferative responses o f naive T
cells via these cytokines in a transwell system (Groux et al., 1997). After
transfer into SCID mice, T rl cells could protect from disease in vivo after
feeding with antigen.
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1.3

M HC class II antigen processing

1.3.1

Introduction

Many types o f immune responses can be mounted against pathogens that have
invaded an organism. Antigens derived from pathogens that have access to
the cytosolic compartment of cells are usually presented by MHC class I
molecules, whereas antigens from those that reside extracellularly are
presented by MHC class II molecules (Pieters, 1997).

MHC molecules

present peptides to T cells, therefore the majority o f antigens have to be
degraded into peptide fragments prior to their display by MHC molecules.
The precise mechanisms and intracellular sites o f MHC class II peptide
loading appear to dictate the nature o f the T cell epitopes presented by the
APC (Pieters, 1997).

The intracellular events involved in peptide loading

onto MHC class II molecules are discussed in the next section.

1.3.2

M H C class I I restricted processing o f exogenously acquired antigen

In 1981 Ziegler and Unanue found that in order for Listeria monocytogenes
antigens to be recognised in the context o f MHC class II (la) molecules on
macrophages by CD4+ T cells, Listeria had to be phagocytosed and partially
catabolised (Ziegler and Unanue, 1981). This catabolism was termed antigen
processing and was temperature and energy dependent. Further experiments
showed antigen processing could be inhibited by prior fixing o f the
macrophages, by lysosomo- and acido-tropic compounds such as chloroquine
and ammonia, or by the protease inhibitor leupeptin (Streicher et al., 1984).
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Importantly, the degree of catabolism inhibition was reflected in similar
blocking of antigen presentation to T cells. Other studies showed that in vitro
enzymatic or chemical fragmentation o f antigen could substitute for cellular
processing (Shimonkevitz et al., 1983), and that MHC class II molecules
could form stable complexes with synthetic peptides (Babbitt et al., 1985).
This latter finding was also shown to be the case for MHC class I molecules
(Townsend et al., 1986), although the normal origin o f peptides for the two
types of MHC molecules appeared to be different: MHC class I presented
endogenously derived peptides (Townsend and Bodmer, 1989) while peptides
presented on MHC class II tended to be from exogenous antigen (Braciale et
al., 1987). Although there are important exceptions to both these rules, the
concepts nevertheless helped direct further investigation.

MHC class II was shown to be accessible to internalised antigen (Cresswell,
1985) and intracellular transport of MHC class II intersected the endocytic
route (Neefjes et al., 1990).

Other work showed the intersection o f MHC

class II dimers with peptide led to enhanced MHC class II stability in vitro
and in vivo (Germain and Hendrix, 1991). Peptides have also been shown to
affect the lifespan o f MHC class II molecules within cells (Nelson et al.,
1994).

1.3.3

Intracellular assembly o f M H C class I I molecules

The stabilisation of MHC class II by peptides leads to the conclusion that
newly synthesised MHC class II was probably incompletely folded (German
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et al., 1996). In 1979 Invariant chain (Ii) was found to coprecipitate with
MHC class II from cell lysates (Jones et al., 1979). Ii is a non-MHC-encoded
protein whose expression is nevertheless co-regulated with MHC class II
(Ceman and Sant, 1995).

After

transcription,

MHC

class

II

molecules,

as

well

as

Ii,

are

cotranslationally inserted into the endoplasmic recticulum (ER) (Kvist et al.,
1982). Once in the ER Ii and MHC class II molecules are retained by various
chaperones until they are properly folded (Hurtley and Helenius, 1989).
Trimers o f Ii then assemble with class II to form a nonameric complex
consisting o f three class II a[3 dimers associated with one Ii trimer (Roche et
al., 1991).

1.3.4

M H C class I I targeting to the endocyticpathway

The MHC class Il-Ii complexes are transported to the trans-Golgi network.
Due to the presence o f dileucine-based targeting signals in the Ii cytoplasmic
tail, MHC class Il-Ii complexes are then diverted from the secretory pathway
and targeted to endocytic compartments (Lotteau et al., 1990).

1.3.5

Ii processing

After transport of the class Il-Ii complex to the MIICs (specialised
compartments involved in antigenic peptide loading) the lumenal domain o f Ii
is progressively degraded to generate fragments o f 22, 18 and 12 kDa (Peters
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et al., 1991). Proteases such as capthepsin S progressively cleave the lumenal
domain of the Ii (Riese et al., 1996). Some fragments o f Ii remain transiently
associated with a p dimers, as is the case for a 10 kD fragment (plO)
containing a region termed CLIP (class Il-associated invariant chain peptide).
CLIP not only mediates the association o f a p dimers with Ii but also prevents
their loading o f endogenous peptide (Denzin and Cresswell, 1995). Once the
CLIP region has been eliminated, a process catalysed by HLA-DM
molecules, peptides o f exogenous origin can bind to the MHC class II
molecules (Denzin and Cresswell, 1995).

1.3.6

Function o f H L A -D M molecules

Early studies indicated that endosomal proteolysis o f Ii is not sufficient for
efficient antigen presentation by MHC class II molecules (Mellins et al.,
1990; Denzin et al., 1994).

These studies used mutant cell lines that had

normal MHC class II maturation and Ii proteolysis, but were unable to
process and present intact antigens.

In these mutant cells, MHC class II

molecules on the cell surface were exclusively associated with CLIP peptides
(Roche, 1995). As these cells were capable o f presenting exogenously added
peptide to T cells, it was suggested that these mutants lacked the ability to
process antigens. The genes defective in these mutants turned out to encode
the HLA-DM molecules (Roche, 1995). In vitro reconstitution o f HLA-DM
molecules with MHC class II-CLIP complexes showed that HLA-DM
catalyses the removal o f CLIP from class II molecules and replaces CLIP
with antigenic peptides (Denzin and Cresswell, 1995; Sloan et al., 1995).
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The molecular mechanism o f CLIP exchange for peptides remains unclear,
and the precise substrates o f HLA-DM are not known (Denzin and Cresswell,
1995). A potential regulator of HLA-DM-dependent peptide loading is the
MHC class II encoded molecule HLA-DO (Liljedahl et al., 1996). HLA-DO
strongly associates with DM and co-localises in compartments having
characteristics o f MIICs, making it a candidate for participation in HLA-DM
-dependent peptide loading.

1.3.7

Subcellular compartments involved in peptide loading

Generating MHC class II determinants from an antigen is a degradative
process, while transport o f MHC class II involves membrane transport.
Normally these two processes are kept separate to protect surface receptors
from being degraded, and to ensure that degradative enzymes remain within
the cell.

The integration o f these processes, which must occur on APC,

would be expected to be tightly regulated.

In APC, MHC class Il-Ii complexes are targeted to specialised compartments
involved in antigenic peptide loading, referred to as MHC class II
compartments or MIICs. Early immunocytochemical studies provided clear
evidence that MHC class II molecules are localised with the endocytic
pathway, as well as in morphologically defined multivesicular structures
highly enriched in MHC class II molecules (Peters et al., 1991; Pieters et al.,
1991).
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Attempts to purify MIICs using density gradient centrifugation and free flow
electrophoresis o f murine A20 B cell lysates identified an anodally deflected
set o f vesicles which were termed CUV (Amigorena et al., 1994). CUV and
MIIC share many characteristics, including accessibility by endocytosis and
having the ability to form stable MHC class II-peptide complexes. However,
CUV contain transferrin receptors, and are o f lower density than MIIC
suggesting that CIIV may be more endosomal than lysosomal.

The route o f MHC class Il-Ii into the endocytic pathway has been studied in
A20 cells. These experiments showed that MHC class Il-Ii first travelled to
early endosomes, and from there to CIIV (Amigorena et al., 1995). During
this process Ii was degraded so that MHC class II was available for loading at
the CIIV stage. This finding and the morphological relationship with MIIC,
suggest that MHC class Il-Ii complexes leave the golgi body, go to early
endosomes and then possibly even to the surface and then return via CIIV to
MIIC, and then ultimately to perinuclear lysosomes for degradation if peptide
loading has not occurred (Castellino and Germain, 1995). If MHC class II
has been stabilised by peptide, the complex is transported to the surface, via a
route which has not been fully elucidated.

Recently, unique aspects of the class II MHC antigen presentation pathway in
DC have been described (Andersson et al., 1998; Saudrais et al., 1998;
Santambrogio et al., 1999b). First the majority o f MHC class Il-Ii complexes
in DC traffic to the cell surface before internalisation into endosomal loading
compartments. Second, murine LC have been reported to express the peptide
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exchange protein H-2M at the cell surface. Finally, immature DC express
abundant empty MHC class II molecules at the cell surface. This evidence
together could function to reconstitute a peptide loading compartment on the
cell membrane similar to the MIICs endosomal antigen generation and
loading compartments (Tulp et al., 1994). Murine DC have recently been
shown to secrete a proteolytic activity able to process intact proteins into
peptide antigens (Santambrogio et al., 1999a). This data together with cell
surface H-2M/HLA-DM and empty class II MHC suggests an extracellular
antigen-processing pathway, in which antigen processing and loading events
could occur completely outside o f the cell.
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1.4

H ierarchy o f T cell Determ inants

1.4.1

Introduction

It is now well established that in order to produce a T cell response protein
antigens must be processed by APC (Ziegler and Unanue, 1982). Among all
peptides derived from this intracellular degradation, only those peptides that
can be presented by molecules o f the MHC are potentially immunogenic.
The various potentially immunogenic peptides derived from the same antigen
are not equal in invoking an antigen-specific immune response (Sercarz et al.,
1993). Sercarz and co-workers have shown that in T cell responses against
hen egg lysozyme (HEL), a hierarchy exists in the immunogenicity o f various
presented peptides (Maizels et a l, 1980; Katz et a l, 1982; Gammon et a l,
1987); and that this hierarchy varies with the mouse MHC haplotype
(Gammon et al., 1987).

Here immunodominance is discussed; the fact that a T lymphocyte response
is usually limited to a small proportion o f the potential determinants on a
protein antigen.

Determinants are strictly defined as being dominant,

subdominant or cryptic in the following manner: a native foreign protein
antigen is emulsified in adjuvant and injected into mice. Ten days later, T
cells isolated from the draining lymph nodes are cultured with synthetic
peptides derived from the primary sequence o f the antigen.

The peptide

determinant which elicits the largest proliferative response is the dominant
determinant. Subdominant peptide determinants induce weak responses from
lymphocytes primed against the whole antigen, while cryptic determinants are
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not responded to.

All three types o f determinant can induce determinant

specific responses when injected into mice in the form o f synthetic peptide,
but as a corollary to the above, only T cells primed against dominant peptides
in vivo will proliferate strongly to whole antigen in in vitro recall assays
(Maizels et al., 1980). As mentioned above, the positions o f the determinants
(dominant, subdominant and cryptic) in an antigen are usually different for
different MHC class II alleles, for instance HEL 106-116 is dominant in
BALB/c mice (H-2d), but HEL 46-61 is dominant in CBA mice (H-2k).
These differences are mainly due to the properties o f the peptide binding
grooves o f the two MHC class II dimers, but other factors such as CLIP/MHC
class II affinity and levels of proteases may have an influence.

Once the

pattern of determinant hierarchy is established after injection o f a native
foreign antigen, it is stable and does not usually change over time (Sercarz et
a l, 1993).

The definitions used to describe the immunodominance o f determinants rely
on a proliferative assay that detects primarily Th-1 type responses. Therefore
determinants which are dominant in Th-2 responses will not be identified.
Another concern is that MHC class II/peptide complexes formed by loading
o f exogenously added peptide onto recycling MHC class II molecules (as in
in vitro recall assays) will not necessarily have the same conformation as
complexes formed in later compartments following processing o f the whole
antigen. This seems to be the explanation behind findings o f Viner and co
workers, who showed that some T cell hybridomas isolated following
immunisation o f mice with a dominant peptide could not recognise naturally
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processed antigen in vitro (Viner et a l, 1996). Another study by this group
showed that a determinant previously defined as cryptic on the basis o f poor
proliferative responses was in fact well displayed by B cells after processing
the whole antigen in vitro. The reason behind the crypticity could have been
at the level o f the T cell response, and not in the processing o f the
determinant (Viner et al., 1995). There is the possibility however that whilst
this determinant was well processed and presented by B cells, it may have not
been efficiently displayed by dendritic cells in vivo the crucial APC in
forming T cell responses. Differences between antigen presenting cell types
are discussed later.

Usually, dominant determinants are well presented and less immunogenic
determinants are poorly presented. The mechanisms by which this occurs are
thought to be as a consequence of how MHC class II binds partially degraded
protein during antigen processing.

1.4.2

A ffinity o f MHC-peptide binding and im m unogenicity

Using a panel o f 12 immunogenic peptides derived from 8 different proteins
and 4 different purified MHC class II molecules (I-Ad, I-Ed, I-Ak, I-Ek) Buus
and colleagues found that peptides with high binding affinity for MHC class
II molecules were also well presented (Buus et a l, 1987).

Schaeffer and

colleagues also observed a similar result using peptides covering the entire
sequence o f staphylococcal nuclease, but went further by analysing the
immunogenicity of the peptides (Schaeffer et a l, 1989).
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They found that

strongly binding peptides were very stimulatory for T cells, whereas peptides
o f lower affinity showed decreased immunogenicity.

These studies document a strong correlation between the affinity o f MHCpeptide binding and the immunogenicity o f the peptide.

However cryptic

determinants may bind strongly to MHC and their crypticity may be owing to
other factors (Buus et al., 1987).

Further evidence has come from David Wraith and co-workers.

The

immunodominant epitope of myelin basic protein (MBP), Ac 1-9, which
displays low affinity for I-Au, has no effect on developing Ac 1-9 TCRtransgenic thymocytes when injected into mice.

However, an analogue

peptide of high affinity is able to induce deletion (Liu et al., 1995).

1.4.3

Peptide competition

Peptide competition in vivo was first demonstrated by Adorini and co
workers who examined whether peptide determinants could compete with
each other for MHC class II binding. They showed that a strongly binding
peptide from mouse lysozyme could prevent in vivo priming against HEL
peptides if the self peptide was injected into mice simultaneously with, but in
excess to the HEL peptide (Adorini et al., 1988a).

Further experiments

verified that this in vivo prevention effect was limited to situations where one
o f the peptides involved was a weaker binder (Sercarz et al., 1993).
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These findings and observations showing that changing in regions o f an
antigen

distant

from

a determinant

could

affect

that

determinants’

immunogenicity led to the hypothesis o f determinant capture and MHC
protection to explain immunodominance. This has since been experimentally
supported.

1.4.4

D eterm inant capture and M H C protection.

In 1984 Streicher and colleagues showed in vitro denaturation o f protein can
be sufficient to render it presentable by MHC class II molecules (Streicher et
al., 1984). Further experiments showed that the unfolded protein was found
to bind to one MHC class II molecule much better than the other within a
haplotype, and the stronger interaction correlated with the haplotype which
presented the dominant determinant (Adorini et al., 1988b).

For example,

unfolded HEL bound H2-Ed much better than H2-Ad’ and H2-Ed presents the
dominant determinant HEL 106-116 in BALB/c mice. As antigen is unfolded
within the cell, regions capable o f binding MHC class II are revealed. At
some point a region will bind MHC class II strongly, and this will be the
‘captured’ dominant determinant. For a given antigen o f particular structural
properties, this region would probably be generated under the conditions o f
one type o f intracellular compartment.

The residues in the dominant

determinant which are bound by MHC class II are then protected from further
proteolysis, as happens with dangling flanking regions (Donermeyer and
Allen, 1989).
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The first experimental evidence for determinant capture compared the HELspecific response between the B10.D2 mouse Ad Ed and the B10.GD Ad to
determine if any competition between A and E MHC class II molecules for
the same unfolding antigen exists (Sercarz et al., 1993).

Both strains

responded to HEL but in B10.D2 mice, the highly dominant 106-116/Ed
determinant was the sole inducer o f T cell activation. In B10.GD mice, there
was a strong response to ll-2 5 /A d, and lesser responses to the other Adrestricted determinants. These results showed that Ed interfered with HELspecific Ad restricted clonal activation. Further experiments by Sercarz and
co-workers compared the determinant specificity o f responses to HEL in
nonobese diabetic (NOD), NOD x BALB/c FI and H-2 Eda transgenic NOD
mice (Deng et a l , 1993) In the NOD mouse, ll-2 5 /A nod is dominant and 91105/Anod is subdominant. The response to the subdominant (HEL 91-105)
was found to disappear in mice expressing Ed. This response was restored if
this determinant was chemically separated from the neighbouring Ed
dominant determinant (HEL 106-116). The form o f HEL used for this had
intact disulphide bonds but was cleaved at positions 12-13 and 105-106 by
cyanobromide.

On intracellular reduction o f this antigen, the two

determinants 91-105 and 106-116 would be on different polypeptides: and
protection of captured 106-116 at the expense o f 91-105 would no longer
occur. This promotes the theory that short peptides are not the initial binding
substrate in the MHC class II system (Deng et al., 1993).
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1.4.5

Peptide elution

Much of the information about the determinants displayed has been generated
by purifying MHC class II molecules form the surface o f APC and eluting the
peptides bound to them by mild acid treatment (Schneider and Sercarz, 1997).
This type of analysis can be used to study peptides naturally generated from a
given antigen and displayed on a certain MHC class II molecule by allowing
the APC to take up large amounts o f an antigen before purification o f the
MHC class II molecules. This allows a method for identification o f highly
abundant determinants (Vignali et al., 1993). There are limitations to this
methods o f analysis; for example, in a study where Ek bound peptides
generated from processing of exogenously provided HEL by a B lymphoma
cell line were eluted and sequenced (Viner et al., 1995). The determinant
HEL 1-17, which induces a significant Ek restricted response was not detected
among the eluted peptides.

More importantly, all sequences obtained

contained the core 85-96 (Viner et al., 1995), which was previously described
as cryptic. This illustrates crypticity caused not by the lack o f display but by
limitations in the T cell repertoire (Moudgil et al., 1996).

1.4.6

Reduction o f disulphide bonds

Proteolytic enzymes cannot generally act on native antigen but can cut
reduced protein, thus breaking disulphide bridges can be a necessary step in
antigen processing (Jensen, 1991).

How protein reduction occurs has not

been fully elucidated. Three groups have identified lysosomes to be the site
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o f reduction o f a disulphide-linked marker (Schneider and Sercarz, 1997).
Most enzymes known to be capable o f reducing disulphide bonds work best
at neutral pH, but are often actually found in acidic lysosomes. The molecule
glutathione is known to be essential element in the intracellular mechanism
but the exact role it plays is not yet clear (Frosch et al., 1993).

1.4.7

Role o f proteases

Several microbe derived protease inhibitors such as leupeptin, pepstatin,
chymostatin and antipain have been used to study enzymatic proteolysis.
These experiments have revealed that different enzymes can be important for
generating different determinants (Puri and Factorovich, 1988; Diment, 1990;
Vidard et a l, 1992).

The proteases involved in cleaving antigen probably include the aspartic
endoproteinases cathepsin D (Rodriguez and Diment, 1992), cathepsin E
(Bennett et a l, 1992) and the cysteine proteinase capthesin B (Van Noort et
a l, 1991), which is generally an exoprotease, but below pH 5.5 can become
an endoprotease (Watts, 1997).

Other enzymes may also play a role,

including cell surface endoproteinases, which could act to remove dangling
flanking residues hanging out of both ends o f the MHC class II molecules
(Chain et a l, 1989). These flanking regions can hinder TCR access to the
MHC class ITpeptide complex (Moudgil et a l, 1996). It is likely that all o f
these enzymes play a role, either by acting in concert to produce a given
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determinant, or perhaps with one enzyme having a major role for other
determinants.

1.4.8

Cryptic determinants, tolerance and autoim m unity

Cibotti and colleagues made H-2d mice transgenic for HEL, which was
ubiquitously expressed (Cibotti et al., 1992). The determinant specificity o f
the T cell repertoire for HEL in these mice was then analysed. Although the
serum concentrations of HEL in these mice varied, even those with low levels
were unable to mount a T cell response to the normally dominant determinant
(HEL 106-116) in H-2d mice. Responses to the subdominant determinants
were also affected.

In mice with high HEL serum concentrations, HEL

tolerance extended further down the determinant hierarchy than in mice with
lower HEL serum levels. In all mice, responsiveness was maintained against
those HEL determinants, which were normally poorly presented (cryptic) in
non-HEL transgenic mice. In other words, the dominant HEL determinant in
HEL transgenic mice was only dominant because T cells specific for other
determinants were removed from the repertoire.

The mechanism o f this

tolerance was not investigated, so whether negative selection in the thymus or
peripheral tolerance processes were responsible is not clear. These results do
show that, like responses against foreign antigens, tolerance to self-antigens is
also focused on limited determinants. Self-tolerance is therefore incomplete;
T cells remain in the repertoire, which are specific for usually poorly
immunogenic determinants (Cibotti et al., 1992).
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In mouse autoimmune models, the self reactive T cell response is often
directed

against

determinants,

previously

cryptic,

such

as

MBP

in

experimental allergic encephalomyelitis (EAE) (Lehmann et al., 1992) or
glutamate decarboxylase in insulin-dependent diabetes mellitus (Kaufman et
al., 1993). This process is called determinant spreading, and also appears to
occur in human autoimmune diseases such as multiple sclerosis (Allegretta et
a l, 1990).

Reactivity against cryptic self is not always detrimental.

In the case o f

tumours, T cells against dominant tumour antigen determinants may well
have been removed from the available repertoire either during negative
selection (if the tumour antigen is thymically expressed), or perhaps by
peripheral tolerance mechanisms as the tumour grows.

However, T cells

should exist which are specific for cryptic or subdominant tumour antigen
determinants.

If these T cells become activated, a protective anti-cancer

immune response could result (Nanda and Sercarz, 1995).
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1.5

Interleukin-6

1.5.1

Introduction

Interleukin 6 (IL-6) is a multifunctional cytokine that is produced by a range
o f cells and plays a role in host defence mechanisms. IL-6 was previously
known as p2-interferon (IFN-p2) (Weissenbach et al., 1980), B cell
stimulatory factor 2 (BSF-2) (Hirano et al., 1985), 26kDa protein (Haegeman
et al., 1986), hybridoma/plasmacytoma growth factor (HPGF or IL-HP-1)
(Van Damme et al., 1987), hepatocyte stimulating factor (HSF) (Gauldie et
al., 1987) and monocyte granulocyte inducer type 2 (MGI-2) (Shabo et al.,
1988). Molecular cloning studies have shown that all these molecules are
identical (Sehgal et al., 1987a).

In this part o f the introduction, the possible involvement o f IL-6 in a variety
o f autoimmune diseases will be discussed, along with a general overview o f
the functions, regulatory mechanisms o f expression and structure and
function of the IL-6 receptor.

1.5.2

Cellular origin o f IL -6

It is now known that IL-6 is a pleiotropic cytokine and its production has
been documented in a seemingly endless variety o f cells.

Some o f these

include fibroblasts, endothelial cells, keratinocytes, monocytes/macrophages,
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T cell lines, mast cells, T cells, B cells, granulocytes and a variety o f tumour
cell lines (Van Snick, 1990). From an immunological viewpoint, accessory
cells represent a major source o f IL-6 in freshly isolated cell preparations
(Aarden et al., 1987). Constitutive IL-6 production is reported in a number o f
tumor cell lines such as cardiac myxoma and bladder carcinoma cells. Except
for the tumour cells that produce IL-6 constitutively, normal cells do not
produce IL-6 unless appropriately stimulated (Akira et al., 1993).

1.5.3

Regulation o f IL -6 production

IL-6 production can be positively or negatively regulated. LPS enhances IL-6
production by monocytes and fibroblasts (Helfgott et al., 1987). Interferon-y
(IFN-y) induces IL-6 production by macrophages and endothelial cells
(Leeuwenberg et al., 1990). IL-4 is a potent inducer o f IL-6 production in
normal B cells, keratinocytes and endothelial cells, whereas IL-4 inhibits IL-6
production in monocytes, fibroblasts and synoviocytes (Akira et al., 1993).
IL-6 production can also be downregulated in human monocytes by
transforming growth factor (3 (TGF-p) (Musso et al., 1990), but enhances
production by intestinal epithelial cells (McGee et al., 1992). In addition a
number o f other cytokines, including IL-1, TNF-a, alone or in combination
with IFN-y, platelet derived growth factor, IL-3 and GM-CSF all induce IL-6
production (Van Snick, 1990).

Compounds that trigger protein kinase C were shown to stimulate IL-6 gene
expression in tonsillar lymphocytes (Namba and Hanaoka, 1972), suggesting
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that the protein kinase C-dependent signal transduction pathway can trigger
IL-6 gene expression. Other experiments have found IL-6 production to be
cAMP-dependent and protein kinase C independent (Sehgal et al., 1987b).
The existence of multiple regulation pathways for IL-6 expression would be
consistent with the presence of several transcriptional enhancer elements in
the 5 ’ flanking region o f the IL-6 gene (Van Snick, 1990). These sequences
are highly conserved between mouse and human, which suggests an
important role.

1.5.4

IL -6 Receptor

The IL-6 receptor (IL-6R) was isolated and its molecular structure determined
in 1988 (Yamasaki et al., 1988). It is composed o f two peptide chains, the a
and p subunits. The a subunit is the ligand binding chain with a molecular
weight o f approximately 80kDa, and is also known as CD 126. The second
subunit is a peptide chain of approximately 130kDa and is called gpl30
(Barton, 1997). The gpl30 subunit is the signal-transducing peptide o f the
receptor complex (Taga et al., 1989). The same p chain is shared by a family
o f cytokines with homology to IL-6, but all have unique a chains.

These

include oncostatin M, leukaemia inhibitory factor, IL-11, cardiotrophin and
ciliary neurotrophic factor (Kishimoto, 1992). The most striking feature o f
the homology shared by these receptors was the conservation o f four cystein
residues in their N-terminal portion and a Trp-Ser-X-Trp-Ser (WSXWS)
m otif located just above the transmembrane domain. There is also a soluble
form of the IL-6 receptor, which is unusual in that it complexes with IL-6 to
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form a biologically active molecule which binds directly to the IL-6 receptor
signalling chain gpl30 (Taga et al., 1989). The IL-6 receptor is found on
diverse cell types, including lymphocytes, monocytes, cardiac myxoma cells,
fibroblasts, vascular endothelial cells, pituitary cells and others (Barton,
1997).

IL-6 binds to the IL-6R (a chain) and the IL-6/IL-6R complex then binds two
gpl30

molecules

to

form

a

gpl30

disulphide

linked

homodimer.

Dimerisation results in tyrosine phosphorylation o f gpl30, which is necessary
for signal transduction (Murakami et al., 1993). IL-6 has also been shown to
induce phosphorylation o f the CD40 B cell surface antigen (Clark and Shu,
1990). Signalling by IL-6 and related family members involves some unique
features. First o f all, there is no tyrosine kinase domain on gpl30, indicating
the use of accessory kinases in the cytoplasm o f receptor bearing cells.
Second, the IL-6 receptor family of molecules utilises a limited number of
known members o f the Jak-Tyk family, but different phosphorylation patterns
are observed in different cell lines (Stahl et a l, 1994). Further experiments
point to a role for STAT3 in IL-6 signalling (Kumanogoh et al., 1997).

1.5.5

Im m unological functions

As already mentioned, IL-6 is a cytokine with pleiotropic activities that plays
a role in many immune functions. It plays a major role in the differentiation
o f cells of myeloid lineage.

Human bone marrow progenitor cells treated

with antibodies to IL-6 had greatly decreased numbers o f monocytic colonies
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(Jansen et al., 1992). Experiments with IL - 6 deficient mice (IL - 6 knockout
mice) demonstrated the role of IL - 6 in the clearing o f infections in mice with
the intracellular pathogen Listeria monocytogenes (Dalrymple et a l, 1995)
and with the protozoan parasite Toxoplasma gondii (Suzuki et al., 1997).

IL - 6 is needed along with IL-1 to induce human T cell proliferation in
mitogen-stimulated cultures devoid o f monocytes (Lotz et al., 1988). IL - 6
induces not only proliferation but also differentiation o f cytotoxic T
lymphocytes (CTL) (Okada et al., 1988). Anti IL - 6 antibodies completely
block cytolytic and proliferative T cell responses, supporting the importance
o f IL - 6 in the growth and differentiation o f T cells (Akira et al., 1993).

IL - 6 was originally found as a B cell stimulating and differentiation factor in
B cells and as a hybridoma/plasmacytoma growth factor in plasma cells. It
enhances immunoglobulin secretion by activated B cells and causes their
terminal differentiation into plasma cells (Muraguchi et al., 1988).

While

both IL-4 and IL - 6 are required to induce polyclonal immunoglobulin
synthesis by resting B cells, IL - 6 cannot be replaced by pokeweed mitogen
pretreatment like IL-4 can (Muraguchi et al., 1988). At the molecular level,
IL - 6 was shown to induce transcription o f p and y heavy chains (Muraguchi
et al., 1988).

Transgenic mice overexpressing IL - 6 were found to have plasmacytoses
expressing polyclonal IgGl which infiltrated the lungs and kidneys but were
not transplantable (Suematsu et al., 1989).
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Infections, injuries, malignant tumours and a variety o f immunological
disorders induce a complex reaction known as the acute phase response. This
condition is characterised by fever, leukocytosis, a negative nitrogen balance,
increased vascular permeability, alterations in plasma metal and steroid
concentrations, and an increase in the synthesis o f hepatic acute phase
proteins (Van Snick, 1990).

Some o f these proteins include C-reactive

protein, complement components C3 and factor B, and serum amyloid A. IL1 and TN F-a were the first cytokines for which a liver stimulatory activity
was reported (Darlington et al., 1986). However, neither factor was capable
o f producing the full spectrum of acute phase proteins that follows exposure
to crude monocyte supernatants.

The missing protein (which had been

termed hepatocyte-stimulating factor), turned out to be identical to IL - 6
(Gauldie et al., 1987). Besides its role as an inducer o f acute phase proteins,
IL - 6 contributes to the body’s defence by inducing fever (Helle et al., 1988),
and by eliciting the release of adrenocorticotrophic hormone (Marinkovic et
al., 1989).

Numerous observations indicate that the levels o f IL - 6 in body fluids increase
rapidly after infection. After injection o f LPS in the mouse, serum levels o f
IL - 6 rise after 30 minutes and peak at 2 hours with a maximal concentration
in the 1-1 OnM range (Coulie et al., 1987). An early increase is also observed
in the cerebrospinal fluid of patients with acute viral or bacterial infection o f
the central nervous system (Van Snick, 1990).
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1.5.6

IL-6 Expression and Disease

The abnormal production of IL - 6 was first suggested to be related to
polyclonal B cell activation with autoantibody production in patients with
cardiac myxoma, a type o f benign intra-atrial heart tumour (Hirano et al.,
1987).

Since then IL - 6 has been suggessted to be involved in the

pathogenesis o f a variety o f diseases, such as autoimmune diseases, plasma
cell neoplasias and glomerulonephritis (Hirano et al., 1990).

1.5.6 .1 Cardiac myxoma

Patients with cardiac myxoma frequently display hypergammaglobulinemia
and various kinds o f autoantibodies and an increase in acute phase proteins
(Akira et al., 1993). These symptoms disappear after resection of the tumour
and the myxoma cells or products derived from them were shown to produce
large amounts of IL - 6 protein constitutively (Jourdan et al., 1990). Jourdan
and co-workers also reported that surgical removal o f the tumor reduced
serum levels of IL - 6 (which were elevated), to undetectable levels.

1.5.6.2 Castleman’s disease

Abnormal IL - 6 production and polyclonal plasmacytosis has also been
reported in patients with Castleman’s disease (Yoshizaki et al., 1989). This
chronic disease with benign hyperplastic lymphadenopathy is characterised
by large lymph follicles. The patients show hypergammaglobulinemia and

increases in acute phase proteins and platelets.

B blastoid cells in the

germinal center of such lymph nodes were found to produce IL- 6 . Removal
o f the hyperplastic lymph node resulted in clinical improvement (Yoshizaki et
al., 1989).

1.5.6 .3 Rheumatoid arthritis

Rheumatoid arthritis (RA) is a common human autoimmune disease
characterised by chronic inflammation o f the sinovial joints and by
subsequent progressive destruction o f articular tissue. Although the etilogy
and pathogenesis are not fully understood, it is thought that a series o f locally
produced cytokines including IL-1, TN F-a and IL - 6 play a role in disease
progression (Feldmann et al., 1996). IL - 6 is present at very high levels in
serum and synovial fluids of RA and o f juvenile RA patients. Soluble forms
o f the specific IL - 6 receptor subunit a (sIL-6 R a) are elevated and these are
known to potentiate IL - 6 activity by forming IL - 6 -sIL- 6 R a complexes that
bind and homodimerise the signalling transmembrane receptor glycoprotein
gpl30 (Kishimoto et al., 1992).

IL - 6 in conjugation with sIL-6 R a has been shown to activate endothelial cell
production of a subset of chemokines and adhesion molecules, thus
contributing indirectly to recruitment o f leucocytes at inflammatory sites. IL6

has also been shown to induce synovial fibroblast proliferation and

osteoclast formation and activation, therefore suggesting a role in synovial
fibrosis and in bone resorption in inflamed joints (Alonzi et al., 1998). IL - 6
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production has also been noted in type-II collagen induced arthritis (CIA) in
mice (Takai et a l , 1989). Further to this, IL - 6 knockout mice have recently
been shown to have a delayed onset and reduced severity o f CIA (Alonzi et
al., 1998; Sasai et al., 1999). Several other cytokines such as TN F-a and IL1, which are also present in synovial fluid, are potent inducers o f IL- 6 .
Inflammatory cytokines, and the network o f interactions among them, may
therefore be required for the development o f RA.

In the 12 years since its discovery as a factor for B cell differentiation and
hybridoma/plasmacytoma growth, IL - 6 has turned out to be the missing piece
in two major biological puzzles: the regulation o f the acute phase response to
injury and the activation of T cells. In addition, its spectrum o f activities
includes the haematologic and neurologic spheres. As IL - 6 is released from
injured or infected tissue, leucocytes including T cells, B cells and DC
become responsive to its actions. As a consequence, the effects o f IL - 6 on
antigen processing by DC has been studied (Drakesmith et a l , 1998). The
possibility that IL - 6 could initiate and help to propagate an autoimmune
disease by altering the immunodominance o f epitopes presented to T cells
will be discussed in chapter 5.
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1.6

Summary

The discovery o f DC their function and their role in T cell activation have
been described. A central part of this latter process is providing the ligands
for T cell recognition: MHC class II-peptide complexes in the case o f CD4+ T
cells. How antigen is processed to generate class II restricted immunogenic
determinants has been discussed and the roles o f endocytosis and accessory
molecules such as the invariant chain have also been examined. IL- 6 , and its
effects on the immune system have also been discussed. As mentioned above
IL - 6 may have an effect on antigen processing by DC.

The aim of this thesis is to study the effects o f IL - 6 on antigen processing by
DC, using the materials and methods shown in chapter 2. Chapter 3 describes
the generation o f DC capable o f stimulating allogeneic T cells and the effects
o f LPS on this response. Chapter 4 investigates the phenotypical effects of
IL - 6 on these cells and whether IL - 6 can affect the determinant specificity o f
antigens presented by these cells. Chapter 5 deals with DC enriched from
virally infected lymph nodes to analyse the effect o f inflammation and the
network of cytokines involved in a viral infection on antigen processing and
determinant specificity using an in vivo model.
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Chapter 2
Materials and Methods
2.1

Materials

2.1.1

M ice

BALB/c (H-2d), CBA (H-2k), SJL (H-2S), and C57BL/6 (H-2b) female mice
were maintained under specific pathogen free standard conditions at the
Institute for Animal Health (Compton, England).

2.1.2

Plastics

Standard disposable plasticware was used. Plastics for tissue culture were
radiation sterilised by the manufacturers.
Type o f Plastic

Supplier

Catalogue num ber

25 cm2 tissue culture flasks

TPP

9025

75cm2 tissue culture flasks

TPP

9075

150 cm2 tissue culture flasks

TPP

90150

6 well plates

Falcon

3046

24 well plates

Falcon

3043

96 well, U bottom

N unci on

163320

5ml tubes

Falcon

2027

15 ml polypropylene tubes

Falcon

2096

50 ml polypropylene tubes

Falcon

2070

Universals, 30ml

Sterilin

128A

Bijou, 7 ml

Sterilin

129A

Cell Strainers 40pM

Falcon

2340

Table 2.1 Plastics used in these studies.
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2.1.3

Peptides

Peptides shown in Table 2.2 were synthesised by Research Genetics (USA)
by standard frnoc chemistry and received in powder form. The quality o f the
peptide was checked by HPLC (Research Genetics).
Peptides were dissolved in PBS at lOmg/ml and stored at -20°C . Peptides
were diluted in PBS for each experiment.

Derivation o f peptide

M H C which presents peptide

Sequence o f peptide

HEL 2-16

H2-Ed

V FGRCELAAAM KRHG

HEL 23-32

H2-Ad

YSLGNW VCAA

HEL 71-85

H2-Ad

G SRNLCNIPCSALLS

H EL 106-116

H2-Ed

M NAW VAW RNRC

HEL 46-61

H2-Ak

N TDGSTDYGILQINSR

HEL 74-86

H2-Ak

N LCNIPCSALLSS

OVA

H2-Ad

KISQAVHAAHAEINEAG

MBP 84-104(PA69)

H2-As

VHFFKNIVTPRTPPPSQGKGR

Table 2.2 Peptides used in these studies.
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2.1.4

Reagents

Reagent

Supplier

Catalogue Num ber

(3-mercaptoethanol

Sigma

M7522

Albumin, Chicken Egg

Sigma

A2512

Mitomycin C

Sigma

M0503

Brefeldin A

Sigma

B7651

Nycoprep

Nycomed Pharma

1.077A

Dimethyl sulphoxide

Sigma

D2650

Polyethylene Glycol

BDH

29575

Calcium lonophore

Sigma

C7522

M etrizamide

Sigma

M3383

Ficoll

Sigma

F9378

O.C.T Compound

BDH

36160-3E

Sodium Azide

Sigma

S8032

PMA

Sigma

P8139

Saponin

Sigma

S7900

Hen Eggwhite Lysozyme

Boehringer Mannheim

837059

Trypan Blue

Sigma

T8154

Ethanol

BDH

Propidium Iodide

M olecular probes

P-1304

Bovine Serum Albumin, Grade 5

Sigma

A4503

Table 2.3 Reagents used. Storage procedures for certain reagents are descibed below.
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p-mercaptoethanol: (2-ME) 5 x 10‘2 M in RPMI medium. Stored in aliquots
at -20°C.
Mitomycin C: 1mg/ml in RPMI.

Stored protected from light at 4°C for 1

week maximum.

2.1.5

Cytokines

Cytokines were all purchased in the form o f lyophilised protein from the
suppliers shown.

The protein was dissolved in either PBS or water to

100ng/p,l, further diluted in PBS to 5ug/pl and stored in 100p,l aliquots at 20°C.

Cytokine

Supplier

Catalogue N um ber

GM-CSF

Autogen Bioclear

P31503

hIL-2

Boehringer Mannheim

10011456

IL-6

Autogen Bioclear

P21616

IL-4

Autogen Bioclear

P21414

T N F -a

Autogen Bioclear

P31501A

IFN-y

Genzyme

MG-IFN

Table 2.4 Cytokines used in these studies
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2.1.6

Radioactive isotopes
'i

Tritiated thymidine [ H] TdR was purchased from Amersham Pharmacia
Biotech.

2.1.7

Tissue Culture Reagents

Reagent

Supplier

Catalogue Num ber

Iscoves Modified DMEM with

Gibco

31980-022

MEM (Eagle) with Glutamax I

Gibco

42360-024

RPMI 1640 with L-Glutamine

Gibco

21875-034

Foetal C alf Serum

PAA Laboratories

A 15-002

Pen/Strep

Gibco

15140-114

Glutamine

Gibco

15031-016

Sodium Pyruvate

Gibco

11360-039

p-mercaptoethanol

Sigma

M7522

Glutamax I

Table 2.5 Tissue culture reagents

2.1.8

Cytokin e detection assays

The murine hybridoma cell line B9 was selected for its IL - 6 dependency
(Helle et al., 1998a). The hybridoma cell line CTLL-2 was selected for its IL2 dependency (Gillis and Smith, 1977) and both were purchased from
ECACC, Salisbury, UK.

68

2.1.9

Antibodies

Primary (1st layer) antibodies used in cell staining.

Clone

Target M olecule

MR]

M ouse CD 154

Hamster IgG, group 3

HL3

M ouse CD! lc

16-10A1

M ouse CD80

2G9

M ouse I-Ad/I-Ea

M E L -14

Isotype

Source

Conjugate

Pharmingen

Biotin

Hamster IgG, group 1 X

Pharmingen

Biotin

Hamster IgG group 2

Pharmingen

FITC

Rat IgG2a k

Pharmingen

FITC

M ouse CD62L

Rat IgG2a k

Pharmingen

FITC

2.4G2

M ouse CD16/CD32

Rat IgG2b k

Pharmingen

NONE

MP5-20F3

Mouse IL-6

Rat IgG!

Pharmingen

PE

C15.6

Mouse JL-12

Rat IgG i

Pharmingen

PE

GL1

Mouse CD86

Rat IgG 2a k

Pharmingen

FITC

RB6-8C5

M ouse Ly-6G

Rat IgG2b k

Pharmingen

FITC

43-2-12

Mouse H-2Dd

Mouse IgG2a k

Pharmingen

FITC

D 771547

Mouse IL-6R

Rat IgG2b k

Pharmingen

PE

H57-597

M ouse TCR P chain

Hamster IgG group 2 X

Pharmingen

PE

HM40-3

M ouse CD40

Hamster IgM

Pharmingen

FITC

3E2

M ouse CD54

Hamster IgG group 1 k

Pharmingen

FITC

M P5-20F3

mouse IL-6

Rat IgG

Pharmingen

NONE

HM40-3

M ouse CD40

Hamster IgM

Pharmingen

NONE

k

k

Table 2.6 Details o f primary antibodies used in cell staining.
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2.1.10 Second Layer Antibodies

Target

Conjugation

Source

Biotin

Streptavidin CY-CHROME

Pharmingen

Biotin

Streptavidin PE

Pharm ingen

Biotin

Streptavidin FITC

Pharm ingen

Table 2.7 Secondary antibodies used to visualise staining o f cells with biotinylated first
layer antibodies.

T Cell Hybridomas

2.1.11

Designation o f

Determ inant

Whole protein

M H C class II m olecule presenting

hybridoma

recognised

G28C9

106-116

HEL

H 2-Ed

Ad71

71-85

HEL

H2-A d

Ed 2

2-16

HEL

H 2-Ed

IC5.1

46-61

HEL

H2-A k

AOIT

74-86

HEL

H 2-A k

DO11.10

323-339

OVA

H2-A d

determ inant

Table 2.8 Summary o f T cell hybridomas used in antigen processing assays. All hybridomas
were kindly provided by Dr Hal Drakesmith, Institute for Molecular Medicine, Oxford.

70

2.2 Methods

2.2.1

Cell Counting

lOpl o f cell suspension was diluted 1:1 with trypan blue solution. The cells
were then viewed under phase and counted on an improved Neubauer
counting chamber using a light microscope (Leica).

Viable cells, which

excluded trypan blue, were counted.

2.2.2

Cryopreservation and retrieval o f cells.

Cells for cryopreservation were counted, centrifuged and resuspended in FCS
with 10% v/v DMSO. Between 5 x 106 and 107 cells were slowly frozen in
lm l cyrotubes (Nunc) at -80°C for 24 hours and then transferrred to the
vapour phase o f liquid nitrogen.

Cells were retrived from cryopreservation by quick warming in 37°C water
bath. As soon as the cells had thawed they were transferred to a T25 flask
and fresh medium was added slowly. After overnight incubation the cells
were split

1 :1 0

into fresh medium and culture was continued at

in a humidified incubator.
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3 7 °C/ 5 %C 02

2.2.3

Im m unofluorescence staining o f cell surface markers.

Cells suspended in PBS supplemented with 0.1% BSA and 0.01% NaN 3
(FACS buffer) were aliquoted in FACS tubes (Falcon) at 105 cells per tube.
Cells were pelleted by centrifugation, the supernatant poured o ff and the cells
resuspended by flicking the tube. Cells were incubated on ice for ten minutes
with Fc Block prior to staining.

Cells were washed in 1ml FACS buffer,

pelleted, and the supernatant discarded and cells resuspended.

Cells were

then incubated on ice with the appropriate first layer antibody (Table 2.5) at a
predetermined optimum dilution for twenty minutes and then washed three
times in 1ml FACS buffer

Both directly conjugated and biotinylated

antibodies were used in different experiments. For biotinylated antibodies, a
streptavidin conjugate was used as the second layer (Table 2.6). Cells were
incubated with the second layer in ice in the dark for ten minutes. Cells were
washed twice in FACS buffer and resuspended in 400pl. When two-layer
staining was performed an aliquot of cells were stained only with the second
layer as a control for non-specific staining. Stained cells were examined and
quantified using a FACScan (Becton Dickinson) and analysed with WinMDI
software (Joseph Trotter).

2.2.4

Intracytoplasmic cytokine staining

Cells were made up to a concentration o f 106 cells/ml and one ml o f cells
aliquoted into FACS tubes.

PMA was added to a final concentration of
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50ng/ml and calcium ionophore to a final concentration of lpg/m l. After a
two hour incubation at 37°C, brefeldin A was added to a concentration o f
lOpg/ml and the cells were left for a further two hours at 37°C. Cells were
washed in 1ml FACS buffer and incubated with Fc block on ice for ten
minutes. Cells were washed again with 1 ml FACS buffer and then incubated
with the cell surface antibody in the dark on ice for twenty minutes. If cells
required a second layer antibody this was performed as previously described.
Cells were washed 3X with FACS buffer and then resuspended in 200pl o f
4% paraformaldehyde (Fixation buffer) at 4°C for twenty minutes. Cells can
be left overnight at this stage at 4°C in the dark. Cells were then washed
twice in 0.1% saponin (w/v) with 0.1% sodium azide (w/v) in PBS with 1%
FCS (permeabilisation buffer) and resuspended in lOOpl o f permeabilisation
buffer containing the pre-diluted anti-cytokine antibody or isotype control.
Cells were incubated in the dark on ice for twenty minutes. The cells were
then washed in permeabilisation buffer and resuspended in 400pl o f FACS
buffer.

Stained cells were examined and quantifed using a FACScan and

analysed with WinMDI software.

2.2.5

Enriching dendritic cells fro m spleen and lymph nodes

DC were enriched from spleen and lymph nodes by taking advantage o f two
properties of these cells: transient adherence and low buoyant density.
Strongly adheret cells such as macrophages remain stuck to plastic after an
overnight incubation whereas dendritic cells adhere initially but detach after
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two hours and are non-adherent after an overnight incubation. These non
adherent, low density dendritic cells can subsequently be separated from other
non-adherent high density cells such as lymphocytes by centrifugation on a
layer o f metrizamide.

Spleens and lymph nodes from mice were mashed through a sterile cell
strainer (Falcon) using a 2ml syringe plunger to make a single cell
suspension. Cells were washed once and resuspended in RPMI +10% FCS at
a density o f 5 x 106 cells/ml.

108 cells were seeded in a T75 flask and

incubated overnight. The following day non-adherent cells were harvested,
centrifuged and resuspended at 107 cells/ml in RPMI +10% FCS.

8

ml o f

cells were placed in 15ml tube (Falcon) and 2 ml 14.5% (w/v) metrizamide in
RPMI + 10% FCS was very slowly layered underneath the cells. The cells
were centrifuged for 10 minutes at 600 x g (1800rpm). The low density cells
at the interface were collected and washed in 50 mis RPMI + 10% FCS.
These cells are routinely >40% C D llc (N418+ve) dendritic cells.

2.2.6

Growing dendritic cells front bone marrow precursors.

DC can be differentiated from precursor cells by incubation with the cytokine
GM-CSF. The method employed in this thesis has been previously described
by Inaba and co-workers (Inaba et a l, 1992). Femurs were removed from
young adult female mice, placed in MEM containing glutamax I with 2%
FCS and 5 x 10' 5 M 2-ME and the marrow within flushed out using a 21G
needle (Sigma) attached to a 2ml syringe.
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Cells were washed once and

resuspended by agitation on a whirlimixer. Cells were counted and
resuspended at 5 x 105 cells/ml in IMDM with glutamax I with 10%FCS and
5 x 10' 5 M 2-ME plus lOng/ml GM-CSF. After 2-3 days 75% o f media was
aspirated off leaving adherent cells and semi adherent colonies.

Fresh

IMDM/10%FCS/5 x 10’5M 2-ME plus lOng/ml GM-CSF was added. After
another 2 days the same media change was repeated. On day 6-7 cells were
used for antigen processing assays.

Cells were harvested, washed and

resuspended at a density o f 106 cells/ml and cultured in IMDM /10%FCS/5 x
1O' 5 M 2-ME with or without cytokines overnight.

2.2.7

M ixed lymphocyte proliferation assays

Splenic dendritic cells or bone marrow derived dendritic cells were irradiated
(2500 rads), washed, then incubated at graded doses in triplicate with
allogeneic or syngeneic responder cells at 105 cells/well.

Responder cells

were obtained by mashing spleens through sterile cell strainer into
RPMI/10% FCS, washed and resuspended at a density o f 106 cells/ml. After
three days each well was pulsed with 25pl RPMI/10% FCS containing lpC i
[ HTdR] before being harvested onto filtermats using a cell harvester
(Tomtec).

Incorporation o f [ H] TdR was assessed by liquid scintillation

using the Wallac betacount system.
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Antigen processing assays

2.2.8

DC from female BALB/c, CBA or SJL mice were treated in various ways at
day

6

and cultured at a density o f 104 cells/well with 5 x 104 hybridoma

cells/well specific for either HEL determinants or OVA determinants. Cells
were plated out in triplicate in 96 well U- bottomed plates (Nunc) with either
whole protein or peptide at graded doses. The medium used was RPMI/10%
FCS/5 x 10’5 M 2-ME. After 24 hours the plates were transferred to -20° C.
IL-2 levels were assayed in the supernatants by proliferation o f the IL-2
dependent cell line CTLL-2. CTLL were set up at a density o f 5 x 103-10 4
cells/well with the supemantant in a 96-well U-bottomed plate and
proliferation was measured by [3H] TdR incorporation over the last

6 -8

hours

o f a 24 hour culture. Controls o f CTLL-2 alone and with serial dilutions o f
recombinant IL-2 were always included. Results are expressed as the mean
o f triplicates.

2.2.9

Im m unisation o f mice with protein

HEL (lOOpg/mouse) plus or minus IL - 6 (5ng/mouse) in PBS was emulsified
at 1:1 v/v ratio in lOOpl incomplete freund’s adjuvant (IFA) or complete
Freunds adjuvant (CFA) plus H37RA, then injected into two sites at the base
o f the tail sub-cutaneously into BALB/c female mice. 10 days later spleens
and lymph nodes were removed and mashed through a sterile cell strainer to
make a single cell suspension.
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2.2.10 Production o f T cell lines and hybridomas

BALB/c mice were immunised as described in section 2.2.9.

On day 10

inguinal and para-aortic lymph nodes were removed. B cells were depleted
by panning, as follows, a

1 0 cm

bacterial plate was coated with 8 ml o f rabbit

anti mouse Ig (whole purified) (Serotec, UK) 50pg/ml in coating buffer.
Plates were left overnight at 4°C. Plates were then washed four times and left
with 5 mis PBS + 2% FCS. The PBS/2%FCS was tipped off and cells were
n

added in serum free RPMI. Approximately 2 x 1 0 cells in 3 mis were added
to each plate. Plates were incubated at 4°C for about one hour, with gentle
agitation.

After this time non-adherent cells were gently removed by
/T

pipetting. For bulk culture of T cell lines 2 x 10 lymph node cells/well were
/r

set up with 3-5 x 10 mitomycin c treated splenocytes/well and antigen in 1ml
in 24 well plate.

Mitomycin C treated spleen is better than irradiation

because they retain more of their antigen presenting function. To mitomycin
c treat spleen cells, 1-2 x 107 cells/ml were set up with 25pg/ml mitomycin c
at 37°C for 25 minutes. After this time cells were washed extensively at least
three or four times, with a one or two hour gap between the second and third
wash.

After 3-4 days cells were harvested from wells and dead cells removed by
Nycoprep. This was done by layering 4mls o f cells on 2mls o f Nycoprep and

centrifuging for 15 minutes at 1500rpm.

Cells were replated at 5 x 106

cells/well in the presence o f lOU/ml hIL-2.

2.2.11 Production o f T cell hybridomas

BW 5147 (TCR a-/p-), a variant o f the original T cell thymoma, which lacks
both a and p chains of the TCR was used as the HAT sensitive fusion partner.
Cells grown to a maximum of 3-5 x 105 cells/ml work best. T cells and B W ’s
were spun down together in a 50 ml tube, at 2000 rpm for ten minutes at
20°C.

The ratio o f T cells to BW was 1:1 but this can be varied.

The

supernatant was aspirated so that the cell pellet was very dry, the cells were
resuspeneded by agitation and the tube filled with prewarmed RPMI with no
serum.

Cells were spun as before, and the supernatant removed leaving a

very dry pellet. The cell pellet was broken by gentle shaking o f the tube and
then floated in a 100-200 ml beaker containing 37°C sterilized water. One ml
o f prewarmed 50% (v/v) polyethlene glycol (PEG) in supplemented RPMI
was added to the cells dropwise, over one minute. PEG is a critical variable,
and in these studies PEG 1450 was used. The cells were stirred gently for 45
seconds with the same pipette used to add the PEG.

Two mis of

supplemented RPMI was then added to the cells over two minutes. Eight mis
o f supplemented RPMI was then added over a 2-3 minute period, with gentle
stirring. The cells were then left to rest for a few minutes. Twenty mis more
o f RPMI was added to the cells gently by running it down the side o f the tube.
The cells were then spun 700-800 rpm for 5 minutes at room temperature.

78

The cell suspension should be quite clumpy and the cells will pellet with very
little loss.

The medium was aspirated and the cell pellet broken up very

gently. At this point the cells were resuspended in the appropriate volume o f
complete medium with HAT. Cell density is another critical factor and cells
should be plated at several densities, from 104 to 105 cells/well in a 96 well
flat bottomed plate.

The cells were fed every other day with complete

medium with IX HAT.

2.2.12 Labelling o f cells with CFSE

5-(and-6-) carboxyfluorescein succinimidyl ester (CFSE) localises in the
cytoplasm and exhibits similar fluorescence properties o f fluorescein. CFSE
by virtue of its succinimidyl ester group has the potential to covalently attach
to intracellular macromolecules and persist for long periods o f time-eight
weeks.

Labelling with CFSE must take place in PBS pH 7.0, which avoids

reaction o f the dye with free amino acid groups.

CFSE was dissolved in dimethysulfoxide (DMSO) and made up to a stock
solution in PBS to 5.0pM and kept in the dark. Cells to be labelled were
washed 2X with PBS with 0.1% BSA (PBS/0.1%BSA). Cells were filtered
through a sterile cell strainer, then counted. Cells were resuspended to 10

n

cells/ml in PBS/0.1%BSA. CFSE was added, 2pl tolO 7 cells. After adding
CFSE to the side o f the tube, it is important to vortex to ensure that the
labelling is distributed evenly between the cells. Cells were incubated for ten

minutes in a 37°C water bath with gently shaking every 2-3 minutes. RPMI
with 2.5% FCS containing 2mM glutamine, 5 x 10'5M 2-ME was added to
stop the reaction, then cells were spun as before and washed 2X in PBS.
Cells were filtered through cell strainer and resuspended in PBS to the desired
concentration.

2.2.13 Infection o f mice with AX31

Influenza (Flu) stock is kept at -80°C. On thawing the stock was kept on
water ice, as CO 2 will kill the virus. The strain Ax31 was kept at a stock
solution of 32,000HAU, this was diluted 1:80 in sterile PBS. BALB/c female
mice were anaesthetized by inhalation o f halothane. 50pl o f the diluted Ax31
(20HAU) was placed dropwise onto the mouse’s nose and left to aspirate.

2.2.14 E nzym e linked immunosorbent assays (ELISA)

In these studies the Pharmingen OptEIA mouse IL - 6 ELISA set was used.
This kit detects natural or recombinant mouse IL - 6 in serum, plasma and cell
culture supernatants.

ELISA plates (Falcon) were coated with IL - 6 capture antibody diluted in
coating buffer (0.1M carbonate pH 9.5) by incubating lOOpl coating
buffer/well overnight at 4°C. The following day the wells were washed three

times with wash buffer (PBS with 0.05% tween-20) and then blocked for one
hour at room temperature with 200pl o f assay diluent (PBS with 10% FCS,
pH 7.0). Wells were washed as before and standards and supernatants to be
tested were added to the wells in serial dilutions and incubated for two hours
at roon temperature. Wells were washed as before but with a total o f five
washes.

IOOjliI

o f working detector (detection antibody plus streptavidin

HRP) was added to the wells and left at room temperature for one hour.

Wells washed as before but with a total o f seven washes.

Next lOOpl o f

substrate solution (tetramethylbenzidine (TMB) and hydrogen peroxide) was
added to the wells and the plate incubated at room temperature in the dark for
thirty minutes. To stop the reaction 50pl o f stop solution (2M H 2 SO4 or 1 M
H3PO4) was added to each well and the absorbance read at 450nm within

thirty minutes o f stopping the reaction.
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Chapter 3
Characterisation of bmDC
Function and phenotype in response to an inflammatory signal

3.1

Introduction

The aim o f this chapter is to demonstrate the properties o f DC isolated from
mouse spleen or grown from mouse bone marrow.

In addition to this the

effects o f LPS on the phenotype and function o f bone marrow derived DC
will be shown.

Studies o f the factors that trigger DC activation have been made possible by
the development o f in vitro culture conditions in which DC are grown from
precursors under the influence o f growth factors (Inaba et al., 1992). In most
o f these culture systems DC are found in an immature state, characterised by
the low to moderate expression levels o f MHC, CD80 and CD86, and high
endocytic activity (Reid, 1997).

It is increasingly clear that inflammatory

stimuli and infectious agents induce both the recruitment o f DC to non
lymphoid tissue and their subsequent maturation and migration to secondary
lymphoid tissue (Roake et al., 1995).

LPS is now a traditional stimulus used to induce DC activation and
maturation, causing dramatic upregulation o f MHC class I and II and the co
stimulatory molecules CD80, CD86 and CD40 (Celia et al.,
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1997).

Consistent with these phenotypic changes LPS is also reported to increase the
stimulatory ability o f DC for T cells.

This study was therefore intended to look at the effect o f LPS on the function
o f murine bone marrow derived DC using the mixed lymphocyte reaction
(MLR) which is an in vitro correlate o f cell mediated immune function
(Janeway and Travers, 1994).

DC are unique in their ability to stimulate an allogeneic M LR (Steinman et
al., 1975). The MLR is also a method used to ensure a population o f cells is
rich in DC: in cultures o f 105 T cells, 103 allogeneic DC induce an MLR.
Other APC such as monocytes and B cells have little or no stimulatory
activity.

This chapter details the phenotypic differences between spleen and bone
marrow dendritic cells (bmDC) and highlights the ability o f DC from
different origins in their capacity to stimulate T cells. The effects o f LPS
induced maturation o f bmDC are then described. The chapter concludes with
a discussion o f the results.

83

3.2

Results

3.2.1

Phenotype o f bone marrow and spleen derived dendritic cells

DC in the mouse are identified by the expression o f the CD1 lc marker. This
marker was used (as revealed by the N418 monoclonal antibody) to gate on
DC and to estimate the numbers o f DC in cell preparations. As shown in
Figures 3.1 and 3.2, CD1 lc is expressed by a substantial proportion o f cells in
both the spleen and bone marrow derived DC.

In the case o f spleen

preparations, 60%-90% o f the cells express CD 11c; these cells also express
high levels o f class II. When growing DC from bone marrow, mixed colonies
o f DC, macrophages and granulocytes grow in the presence o f GM-CSF. To
differentiate DC from granulocytes and macrophages, the C D llc marker is
used to identify the DC. The number o f C D llc + cells in the cultures varied
with time, increasing rapidly from day 3 to day 6.

At day 6 DC show

characteristic DC morphology and are relatively immature; they express
moderate levels of MHC class II, CD80 and CD40 and exposure to TN F-a
(see Chapter 4) or LPS (Figure 3.3) induces a more mature phenotype,
including upregulation of MHC class I and class II, CD80, CD86, CD40 and
ICAM-1.
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Figure 3.1 FACS analysis o f day 7 DC grow n from m ouse bone m arrow in the presence o f
G M -CSF. Staining w as carried out as described in m aterials and m ethods. D ue to the
heterogeneity o f cells grow n from bone m arrow , cells w ere gated on CD1 lc prior to analysis.
Black overlay represents isotype control for each antibody.
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F igure 3.2 FACS analysis o f cells enriched from m ouse spleens using the m etrizam ide
m ethod as described in C hapter 2. Cells w ere gated on C D llc , and the negative control
represents unstained cells.
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3.2.2

Effect o f LPS on phenotype o f bmDC

Previous studies have shown that purified human DC and mouse spleen
derived DC upregulated a variety o f surface antigens, including MHC class II,
CD80 and CD86 in response to LPS (Celia et a l , 1997a). Figure 3.3 shows
that whilst CD80, CD86 and CD40 are upregulated, there is no huge increase
in the levels o f MHC class II.

This lack o f increase in MHC class II

expression may be due to the already high levels o f MHC class II expression
found on bmDC.

10 ° 10 ’ 10 * 103 10 *
IAd-IEd FITC

10° 10' 1Q21Q310*
DdFITC

10° 101 102 103 10i

CD40 FITC

10D10' 102103 10*
CD80FITC

10° 101102103 10*
CD86FITC

Figure 3.3 FACS analysis o f day 7 bmDC matured for 24 hours in the presence o f 100(ig/ml
LPS. Green shows the phenotype o f untreated DC. The black overlay represents the
phenotype o f DC stimulated with LPS.
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3.2.3

T cell stimulatory function o f spleen and bm-DC

DC from spleen or bone marrow cultures were compared for their ability to
stimulate T cell proliferative responses in vitro.

The assay used was an

allogeneic mixed lymphocyte reaction (MLR), where T cells proliferate in
response to a whole array of peptide fragments naturally bound to allogeneic
MHC class II.

DC from either spleen or bone marrow cultures showed

comparable ability to induce T cell proliferation. The observed proliferative
responses increased proportionally with the number o f DC added in culture,
with almost identical dose response curves for either spleen or bmDC. The
minimum number of DC required to induce a proliferative response was in
the range of 10" DC to 105 T cells, which is consistent with previously
reported estimates (Steinman and Inaba, 1985).
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1.00E+05

No of Stimulators
F igure 3 A DC isolated from m urine spleen or cultured in vitro from bone m arrow precursors
in the presence o f G M -C SF have sim ilar abilities to induce the proliferation o f unprim ed
allogeneic T cells. G raded num bers o f B A L B /c DC w ere incubated for 72 hours with 10'
allogeneic C 57B L/6 splenocytes. Results are from one experim ent o f three w ith sim ilar
outcom es.

3.2.4

LPS matured D C are capable o f driving a syngeneic MLR.

Previous studies have shown that DC purified from a variety o f tissue sources
stimulate proliferation o f allogeneic and syngeneic CD4+ and CD8+ T cells
(Steinman and Inaba, 1985; Elbe et al., 1994). Because there is an apparent
lack o f anti-self proliferation in situ, it has been proposed that DC acquire an
activated phenotype during the process o f purification that manifests as an
ability to drive self-reactive T cells. However, the determinants responsible
for this stimulation remain poorly described. As shown in Figure 3.4 DC
have the ability to drive an allogeneic MLR. However bmDC do not induce
the proliferation of syngeneic T cells, as shown in Figure 3.5. It is known
that DC can be matured by a variety o f inflammatory mediators such as LPS
to increase T cell activity (Celia et al., 1997a). We therefore examined the
idea that bmDC might acquire the ability to stimulate syngeneic T cells if
cultured in the presence o f LPS. BmDC were cultured with LPS for 24 hours
after which the cultures were washed extensively before culturing with
syngeneic T cells. Figure 3.5 shows that LPS matured DC are capable o f
stimulating syngeneic T cells.
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F igure 3.5 DC derived from m urine bone m arrow precursors grow n in the presence o f GM CSF.
G raded num bers o f BA LB /c bm D C w ere incubated with allogeneic C57B L /6
splenocytes or syngeneic BA LB/c splenocytes for 72 hours. The DC w ere either untreated
(D C /N IL ) or w ere m atured in the presence o f lOOjig/ml LPS for 24 hours (D C /LPS). Results
are from one experim ent o f three w ith sim ilar results.

3.2.5

LPS matured DC support the growth o f CD4+ T cells.

To further dissect the response seen in Figure 3.5, we co-cultured LPS
matured bmDC together with purified CD4+ (Figure 3.6) or CD8+ T cells
(Figure 3.7). This data demonstrates that bmDC matured in the presence of
LPS acquire the ability to drive proliferation o f CD4+ T cells. However, in
these studies the purified CD8+ T cells did not respond in a syngeneic MLR.
Addition of IL-2 to the DC/CD8+ T cell cultures induced significant
proliferation of these cells indicating that the CD8+ T cells were not
intrinsically unresponsive (data not shown). This does not necessarily mean
that DC are not capable of stimulating a syngeneic response from CD84 T
cells, as in the mixed cultures the CD4+ T cells may produce sufficient IL-2
which could support proliferation of CD8+ T cells.
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3.2.6

GM-CSF does not affect the syngeneic MLR

To determine whether the results seen with DC/LPS driving a syngeneic
MLR were a result o f the LPS or due to a factor involving the culture
conditions, the effect o f GM-CSF was analysed.

BmDC were set up in

varying culture conditions including no LPS or GM-CSF, LPS alone, GMCSF alone and as before LPS and GM-CSF together. The results in Figure
3.8 show that when DC are cultured in the absence o f LPS they do not
possess the ability to drive a syngeneic MLR. The addition o f LPS to the
cultures restores the stimulatory activity o f the bmDC.

Interestingly, GM-

CSF does not seem to be required for the production o f cells from bone
marrow capable o f stimulating a syngeneic response as shown below. The
addition o f GM-CSF to the cultures does however increase the stimulatory
function o f the DC.
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Results show n are from one experim ent o f three w ith sim ilar results obtained

3.3

Discussion

Methods for the in vitro growth of murine DC from bone marrow precursors
and for the enrichment of DC from murine spleen have been described in
Chapter 2. Growing DC from bone marrow is becoming increasingly popular
as it offers clear advantages over the traditional methods o f purification from
lymphoid organs: the procedure is simple and DC can be reproducibly
obtained at high purity and in large numbers from a small number o f mice.
Due to these reasons bmDC were the main source o f DC used in these
studies. A comparison of the phenotype o f DC isolated from murine spleen
or cultured in vitro from bone marrow precursors was undertaken. The two
DC populations express high levels of MHC class II and co-stimulatory
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molecules such as CD80 and CD86. The bmDC were as efficient as spleen
derived DC in an allogeneic MLR. It might not have been expected that in
vitro generated populations o f DC could be functionally as efficient as an exvivo counterpart. The properties o f bmDC were also studied in a syngeneic
MLR. Unlike spleen DC, (Steinman and Inaba, 1985), bmDC cannot support
proliferation o f syngeneic T cells in these studies. However, bmDC grown in
the presence o f LPS acquire a phenotype that promotes the activation o f naive
syngeneic CD4+ T cells. In contrast to the results found with CD4+ T cells,
LPS matured bmDC did not induce full activation o f CD8+ T cells. In the
absence o f an additional signal such as IL-2, the CD8+ T cells were unable to
proliferate in a syngeneic response. The effects o f CD8+ T cells in general
need to be controlled more tightly than those o f CD4+ T cells.

The

requirement of other factors such as IL-2 may be one mechanism to ensure
the activation of CD8+ T cells is more tightly controlled to prevent tissue
damage by syngeneic CD8+ T cells. Although a previous study has shown
that DC can stimulate the activation o f CD8+ T cells (Steinman and Inaba,
1985), the source of DC in our studies is different. In addition, it is possible
contaminating activated CD4+ T cells produced endogenous IL-2 that might
have induced proliferation.

The syngeneic response with CD4+ T cells could potentially be due to a
number o f factors: (a) antigens found in FCS, (b) differential processing o f
self antigens that might lead to the presentation o f cryptic epitopes or (c) a
true anti-self response.
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Firstly, it could be an artefact produced by a response to xenogeneic proteins
in the FCS.

In addition, whilst we have not ruled out the possibility o f a

response to FCS, we think it is unlikely, Steinman and co-workers, used
autologous serum in their MLR in both man and mouse (Steinman and Inaba,
1985).

Secondly, highly activated DC may present a different range o f self epitopes
which may include cryptic epitopes. It has been reported that DC grown in
the presence o f IL-6 differentially process hen egg lysozyme (Drakesmith et
al., 1998). This is more fully discussed in Chapter 4. There is therefore a
possibility that LPS may also affect the processing by DC and alter the
presentation o f epitopes on DC MHC class II molecules.

The third and most likely possibility is that the syngeneic response represents
a true anti-self response.

Whilst LPS maturation did not significantly

upregulate MHC class II expression, a number o f co-stimulatory and adhesion
molecules showed an increase in expression. Previous reports have indicated
a requirement of at least two signals for T cell activation.

Signal 1 is

delivered via the TCR interaction with MHC-peptide complexes. Signal 2 is
received via co-stimulatory molecules such as CD80 and CD86 interactions
with CD28.

It is reasonable to assume that the summation o f these two

signals leads to T cell activation. Thus, non-LPS matured bmDC are able to
stimulate an allogeneic T cell response but not a syngeneic response. This is
due to the high level of signal 1 o f the MHC mismatch together with a
significant level o f signal 2. In contrast, syngeneic T cells have been selected

for intermediate signal 1 and the levels o f signal 2 found on non-LPS matured
DC is not sufficient for the summation o f the two signals to cause T cell
activation. However, when DC are matured in the presence o f LPS, the levels
o f signal 2 are increased as shown in Figure 3.3. Thus DC/LPS acquire a
high signal 2 but unchanged signal 1 phenotype. It may be that in the case o f
the syngeneic MLR the increase expression o f signal 2 meets the signalling
threshold requirement for T cell activation.

This chapter has defined the phenotype o f DC grown from murine bone
marrow precursors in the presence o f GM-CSF and DC enriched from murine
spleen.

Their ability to stimulate an allogeneic T cell response has been

shown to be similar. Further studies showed the maturation properties o f LPS
on the phenotype o f bmDC, and also showed an increase in the ability o f
these DC to stimulate a syngeneic T cell response. The responding T cells in
my studies were shown to be CD4+ T cells, though this does not necessarily
mean CD8+ T cells cannot be stimulated in a syngeneic response. The most
likely scenario as to why an increased syngeneic response is seen, is probably
a combination o f factors: (a) a response to the xenogeneic proteins in the
FCS, and (b) a true anti-self response. Most localised infections all involve,
to an extent, an autoimmune response. If the DC are in a highly activated
state following exposure to an inflammatory environment, for example, they
may present self epitopes to which no tolerance has been achieved, i.e. cryptic
epitopes.

DC have been reported to present cryptic epitopes following

exposure to IL-6, an inflammatory cytokine. This will be studied in more
detail in the following chapter.
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Chapter 4
Effect of IL-6 on antigen processing by dendritic cells

4.1

Introduction

One trait o f dendritic cells is their ability to change function and phenotype in
response to environmental stimuli such as cytokines (Lutz et al., 1996),
bacterial lipids and bacterial DNA (Sallusto et al., 1995). The functional and
phenotypic alterations which occur could ultimately play a role in
determining the type of immune response which dendritic cells prime, for
example a Th-1 or Th-2 response. What is not clear is whether cytokines can
additionally affect the specificity o f antigen processing. In other words, while
DC can process and present antigen to naive T cells and activate them, it is
not clear whether cytokines can alter the determinants presented by DC from
a given antigen. It has been recently shown that DC treated with IL-6 process
and present determinants from a model native antigen in a qualitatively
altered hierarchy, activating T cells in vitro and in vivo against determinants
that were previously cryptic due to poor display (Drakesmith et al., 1998).

As discussed in Chapter 1, this issue is important because T cell tolerance to a
self-antigen is directed to specific determinants from that antigen, and not to
the entire antigen.

Equally, the immune response to an antigen from an

infectious agent is also focussed on particular determinants.
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The experiments in this chapter directly address the effect o f IL-6 on DC,
both phenotypically and functionally in respect to antigen processing. One o f
the antigens used in these studies was Hen Eggwhite Lysozyme (HEL). HEL
was used to study the effects o f IL-6 on DC by Drakesmith et al.,(1998) and
is a model antigen for a number o f reasons. Firstly, it is easily obtainable in
high purity. Secondly, it is stable enough to be stored for up to one year in
powder form at -20°C without degradation. Thirdly it is readily soluble in
water up to high concentrations for example lOOmg/ml; and fourthly, these
solutions can also be stored at -20°C for long periods.

Fiftly it is

immunogenic in many mouse strains. Sixthly, the HEL determinants able to
be presented by MHC class II have been characterised for many different
MHC class II molecules.

In Chapter 1 the definitions o f dominant, subdominant and cryptic
determinants were summarised (Sercarz et al., 1993).

Briefly, after

immunisation o f mice with protein antigen emulsified in adjuvant, T cells in
draining lymph nodes proliferate in response to determinants derived from the
immunised antigen in a hierarchical order. The determinant which elicits the
greatest response is termed the dominant, and others which give a less but
still

significant response

are

subdominant determinants.

A

cryptic

determinant is one which elicits no response from T cells primed against
whole antigen, but can prime a response if mice are immunised with the
determinant in peptide form.
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The effects o f IL-6 on HEL processing and presentation by DC was studied
using two strains of mice, BALB/c and CBA. The relative immunogenicities
o f the HEL determinants presented by these two strains o f mice is shown in
Figure 4.1.
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Figure 4.1 Relative immunogenicities o f determinants o f HEL presented by the three MHC
class II dimers I-Ak, I-Ed and I-Ad as determined by Dr. S. Schneider in E. Sercarz’s
laboratory according to the definitions in reference (Sercarz et al., 1993).

4.2

Results

4.2.1

E ffect o f IL -6 on phenotype o f bmDC

Following on from the experiments carried out by Drakesmith et al.,(1998)
the phenotype of bmDC following treatment with 5ng/ml IL-6 overnight was
analysed.

The results are shown in Figure 4.2.

In agreement with other

studies (Winzler et a l, 1997), IL-6 does not affect the levels o f MHC class II
expressed on the surface o f bmDC. The levels o f co-stimulatory molecules
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including CD80, CD86, CD40 and CD54 also remain unchanged.
results suggest IL-6 does not mature or affect bmDC phenotypically.
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F igure 4.2 Effects o f IL-6 on phenotype o f bm D C. Day 6 bm D C w ere cultured overnight in
the presence o f 5ng/ml IL-6. Cells w ere stained as described in C hapter 2. Cells w ere gated
on C D lI c . Red histogram s represent DC/Nil and black histogram s represent DC/IL-6.
N egative control represents unstained cells.
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4.2.2

Expression o f the IL-6R on bmDC

As expected from the pleiotropic functions o f IL-6, the IL-6R is expressed on
various tissues and cells as described in Chapter 1. The number o f receptors
expressed on these various cell types is extremely small (Taga and
Kishimoto, 1990). Resting B cells do not express the IL-6R but activated B
cells do, as do resting T cells (Taga et al., 1987). Whether DC express the
IL-6R in an activated or resting state has not been fully elucidated. As shown
in Figure 4.2 the IL-6R is expressed by resting and IL-6 treated DC, in
agreement with other studies looking at other cell types, (Taga and
Kishimoto, 1990) the level o f expression is low.

Figure 4.3 shows the

staining o f the IL-6R on bmDC viewed under confocal microscopy.

The

surface staining results in Figure 4.2 show the staining on C D llc positive
cells. In Figure 4.3, MHC class II positive cells were double stained for the
IL-6R and C D llc . The levels o f staining are weak compared to MHC class
II, CD40 and CD54.
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Figure 4.3 IL-6R (d) expression on bmDC as viewed by confocal microscopy. Staining o f lAd-IEd (a),
CD54 (b), CD40 (c) is also shown.
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4.2.3

E ffect o f IL -6 on the processing and presentation o f H E L by bmDC

in vitro

A characteristic o f many human autoimmune diseases is the spreading o f the
anti-self T cell response to include reactivity against cryptic determinants
(Lehmann et ah, 1992). How these poorly displayed determinants become
well displayed has not been fully elucidated.

One hypothesis is that

inflammatory cytokines found in autoimmune lesions may alter processing by
professional APC so that previously hidden self determinants are revealed to
the T cell repertoire (Lehmann et al., 1992; Lanzavecchia, 1995). IL-6 has
also been shown to be essential for the development o f autoimmunity in
rodent disease models (Alonzi et al., 1998; Mendel et al., 1998; Okuda et al.,
1998). Although IL-6 has no maturation effect on bmDC, it may be possible
that IL-6 has an effect on DC without inducing their maturation. This has
recently been tested by Drakesmith et al., (1998) who studied the effect o f IL6 on the processing o f HEL by DC. They found that DC treated with IL-6
processed native HEL differently, so that a hybridoma specific for a cryptic
determinant because o f poor display was activated. To further dissect these
results we wanted to study DC obtained from the draining lymph nodes o f a
rodent autoimmune disease model. Prior to carrying out such experiments we
looked at the effects o f IL-6 treatment on bmDC in the processing and
presentation o f HEL. DC were grown from bone marrow for 6 days from
BALB/c or CBA mice, and then cultured overnight with or without IL-6
(5ng/ml).

These cells were then co-cultured with whole HEL or a HEL-

peptide determinant and an epitope specific T cell hybridoma.

Figure 4.4

shows these results.

We found that when co-cultured with whole HEL,

DC/IL-6 didn’t significantly change the profile o f T hybridoma responses
compared to DC/Nil.

When I-Ak-restricted determinants were studied,

neither DC/Nil or DC/IL-6 presented the subdominant 74-86 determinant.
Presentation o f the codominant determinant 46-61 was not affected by
DC/IL-6.

When I-Ad-restricted determinants were studied, DC/IL-6

presented the subdominant determinant 71-85 much less efficiently than
DC/Nil, and this will be discussed in more detail in the discussion o f this
chapter. In some experiments we found that DC/IL-6 was not as efficient at
presenting the dominant Ed determinant 106-116 compared to DC/Nil. More
importantly these experiments showed that DC/IL-6 do not process or present
the Ed cryptic determinant HEL 2-16.

DC/Nil and DC/IL-6 were able to

present the respective peptide from o f all determinants to the T cell
hybridomas equivalently. This control shows that both DC/Nil and DC/IL-6
could present each determinant if it required minimal processing, but that
they processed native HEL differently.
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4.2.4

The maturation state o f bmDC

Immature DC are characterised by a high capability for antigen capture and
processing, but low T cell stimulatory capability. As mentioned in Chapter 1,
certain factors, such as inflammatory mediators promote DC maturation.
Mature DC lose their ability to capture antigen and acquire an increased
capacity to stimulate T cells (Celia et a l y 1997a). When using DC grown
from bone marrow precursors in the presence o f GM-CSF it is important to
assess their maturation state when adding cytokines such as IL-6 to the
cultures.

When growing DC in the presence o f GM-CSF they can

differentiate to a mature state before day 6, and therefore the addition o f any
cytokine or inflammatory mediator may not have an effect. The maturation
state o f the DC can be tested with TN F-a treatment overnight on day 6. The
following day if the TN F-a treated DC have the same levels o f MHC class II
molecules on the surface as untreated DC, then they were probably already
mature on day 6, so the addition o f an inflammatory mediator or cytokine
such as IL-6 is unlikely to have an effect. We thought this may be one o f the
reasons why IL-6 did not appear to have a significant effect on the processing
o f HEL by bmDC. The results o f the surface staining o f bmDC grown in the
presence o f GM-CSF for 6 days then cultured overnight with or without TNFa are shown in Figure 4.5. There is an increase in the levels o f surface MHC
class II following TN F-a treatment overnight on day 6, suggesting the DC
were not too mature at the time o f IL-6 addition to the cultures.
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F igure 4.5 Day 6 bm D C grow n in the presence o f G M -C SF w ere cultured w ith (black
histogram ) or w ithout (red histogram ) T N F -a overnight.
Staining w as carried out as
described in C hapter 2. Cells w ere gated on CD1 lc.

4.2.5

IL-6 Bioassay

The next step in trying to elucidate the reason why IL-6 does not seem to
have an effect on bmDC, was to test the biological activity of IL-6 itself. IL6 activity can be measured with the IL-6 dependent murine hybridoma cell
line B9. The detection limit for murine and human IL-6 is about 0.5pg/ml.
The assay is specific for IL-6 and is not influenced by other cytokines, with
the exception of murine IL-4 which shows some activity in this assay (Helle
et al., 1988a). For the assay, B9 cells can be used at any time after seeding.
Cells are harvested by centrifugation and after one wash in IL-6 free medium
are set up at 5 x 103 cells/well in flat bottomed wells in the presence of
titrating amounts of IL-6 as a standard curve (Figure 4.6), and in the presence
of supernatants taken from DC cultures (Figure 4.7).

Surprisingly,

supernatants from the DC cultures o f both spleen and those grown from bone
marrow precursors in the presence o f GM-CSF were able to support the
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growth o f the B9 cell line. These results suggest that both splenic DC and
bmDC may constitutively produce IL-6. The concentration o f IL-6 found in
these cultures was in the range of 0.6 to 1.4ng/ml (Figure 4.6).

The

concentration of IL-6 that was added to the cultures for overnight treatment
was 5ng/ml.

It could also mean that other cells or factors which may be

contaminating the DC population could be producing IL-6.

This could be

important in relation to the results described in Figure 4.4.

If DC are

constitutively producing IL-6 or are in an environment containing IL-6, then
addition of IL-6 to the cultures may not have an effect on their processing or
presentation function. The DC may have become unresponsive to the effects
o f IL-6.
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4.2.6

Cloning o f hybridomas

The hybridomas used in these studies were obtained from Dr. Hal Drakesmith
at the Institute for Molecular Medicine (Oxford).

On initial thawing and

growing of the hybridomas, their CD3 and CD4 expression was checked (data
not shown).

All hybridomas tested were found to have very poor CD4

expression, and for this reason re-cloning of the hybridomas was carried out.
Figure 4.8A(a) shows the expression o f CD3 and CD4 on one o f the
hybridomas, Ed2, following thawing and initial growing o f the cells in
no

culture. Following cloning, the expression o f CD4 was increased to the levels
shown in Figure 4.8A(b). However, after 2-3 weeks in culture the hybridoma
began to lose expression o f CD4, as shown in Figure 4.8A(c). These results
show the instability o f the hybridomas used in these studies, and may also be
one o f the reasons why we saw no alteration in the presentation o f the cryptic
determinant which is recognised by Ed2.

However, once cloned the

specificity o f the Ed2 hybridoma, which recognises the cryptic HEL 2-16 was
very good, as shown in Figure 4.9a. The Ad71 hybridoma which proliferates
in response to the subdominant determinant HEL 71-85 also had very good
specificity following cloning (Fig. 4.9b).

The dominant determinant HEL

106-116 is recognised by G28C9. This hybridoma was also recloned, and
this led to an increase in the CD4 expression and specifity, Figure 4.9c. One
o f the hybridomas Ed2, which recognises the 2-16 peptide determinant, was
tested to see if peptides of a similar sequence could be recognised by this
hybridoma. Ed2 was sometimes autoreactive to DC, we wanted to assess if
its specificity was cross reacting with antigens presented by the DC o f similar
sequences, i.e. bovine or murine lysozyme for example. The peptides tested
are detailed in Table 4.1 below. The results are shown in Figure 4.8B. Some
cross reactivity with each o f these peptides is seen at a high antigen
concentration.
Peptide

Sequence

2-16

VF GRCEL A A AMKRHG

M ouse P

VYNRCELARIKLRNG

Mouse MN

VYERCEFARTLKRNG

Bovine

VFERCELARTLKKL

Bovine G

VFERCELARSLKRFG

Table 4.1 Details o f the peptides used to test the specificity of Ed2
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4.2.7

Effect o f other cytokines on processing o f HEL in vitro

Following on from the experiments using DC/IL-6, day 6 colonies and non
adherent cells were removed from bone marrow cultures and seeded
overnight at a density of 106 cells/ml with GM-CSF and with or without one
o f the following cytokines: IL-4 (at lOng/ml) or TN F-a (at lOng/ml). The
following day non-adherent cells were harvested, washed three times, counted
and co-cultured at a density of 104 cells/well with graded doses o f HEL, or a
peptide form o f a HEL determinant and 5 x 104 cells/well o f a HEL
determinant-specific hybridoma.

For these experiments the determinants

used were HEL 106-116 (an I-Ed restricted dominant determinant), HEL 7185 (an I-Ad restricted subdominant determinant) and HEL 2-16 (an I-Ed
restricted cryptic determinant).

After 24 hours the response o f the

hybridomas was measured by removing the supernatants from these cultures
and adding them to the IL-2 dependent cell line CTLL-2 for 24 hours. CTLL2 proliferation was measured by 3H[TdR] uptake in the last 6-8 hours o f this
culture.

Figure 4.10 shows the effects o f IL-4 on antigen processing o f HEL by
bmDC. There is no clear difference in the ability o f DC/IL-4 in processing
any o f the subdominant or dominant HEL determinants, as shown in Figure
4.10b and c respectively. Neither DC/Nil nor DC/IL-4 were able to stimulate
the HEL 2-16 specific hybridoma at any concentration o f HEL (Figure 4.10a).
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The maturation of human dendritic cells from antigen capture mode to T cell
stimulatory mode can be mediated by TN F-a or LPS. This is characterised
by a downregulation of endocytosis/macropinocytosis, and an increase in
surface MHC class II (Sallusto et al., 1995). Similar events seem to occur
with mouse dendritic cells (Pierre et a l, 1997). The following experiments
show that although TN F-a matures bmDC (Figure 4.5), it does not seem to
have an effect on the antigen processing o f whole HEL by bmDC. The effect
o f TN F-a on antigen processing o f HEL by bmDC is shown in Figure 4.11.
TN F-a had no effect on the processing o f the subdominant or dominant
determinant of HEL by bmDC, shown in Figure 4.11b and c respectively.
Once again, neither DC/Nil or DC/TNF-a were able to stimulate the HEL 216 specific hybridoma at any concentration o f HEL, Figure 4.1 la.
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4.2.8

Effect o f IL-6 on processing o f OVA by bmDC in vitro.

To further the above studies, chicken ovalbumin (OVA) was analysed to
assess if IL-6 treated DC could affect the processing and presentation o f an
antigen other than HEL. The T cell responses to OVA appear to be limited to
a number o f immunodominant determinants depending on MHC haplotype
(Vidard et al., 1992). The OVA specific hybridoma used in these studies
(DO11.10) responds to the I-Ad restricted OVA 323-339 determinant. DC
grown from BALB/c mice in the presence o f lOng/ml GM-CSF were
harvested on day 6 and co-cultured with or without IL-6 (5ng/ml) overnight.
The following day non-adherent cells were harvested, washed, and co
cultured at a density o f 104 cells/well with graded doses o f OVA or the
peptide form o f OVA 323-339 and 5 x 104 cells /well o f the OVA 323-339
determinant specific hybridoma.

After 24 hours the response o f the

hybridoma was measured by removing the supernatant from the cultures and
adding them to the IL-2 dependent cell line CTLL-2 for 24 hours. CTLL-2
proliferation was measured by H[TdR] uptake in the last 6-8 hours. Figure
4.12 shows that IL-6 treated bmDC did not process whole OVA differently
compared to DC/Nil such that the presentation o f the OVA 323-339
determinant was not altered.

The peptide control shows both DC/Nil and

DC/IL-6 could present the 323-339 determinant if it required minimal
processing.

BmDC were also studied for their ability to process and present OVA to the
DO 11.10 hybridoma over time. DC grown from bone marrow precursors in
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the presence o f GM-CSF were harvested at days 2, 3, 5 and 6 and set up with
graded doses o f whole OVA and 5 x 104 DO 11.10 cells/well overnight.
Supernatants were taken at 24 hours and the response o f the hybridoma was
measured by proliferation o f the IL-2 dependent cell line CTLL-2 for 24
hours with the uptake o f thymidine measured for the last 6-8 hours o f this
culture.

The results (Figure 4.13), show that DC grown from bone marrow precursors
are able to process and present antigen at days 2 and 3 as well as days 5 and
6. These results suggest that bmDC begin to differentiate into functional DC
at a very early stage in their differentiation from bone marrow precursors.
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4.2.9

The phenotype and fu n ctio n o f DC derived fro m IL-6KO mice

As discussed in Chapter 1, IL-6 is a pleiotropic cytokine with many functions
and effects on various cell types and tissues. Many studies have been done to
characterise IL-6 deficient mice (IL-6-KO) and to assess their immunological
status (Fattori et al., 1994; Kopf et al., 1994; Okuda et al., 1998). Although
IL-6 deficient mice develop normally, they fail to efficiently control vaccinia
virus or infection with Listeria monocytogenes, a facultative intracellular
bacterium (Kopf et al., 1994). Also, the inflammatory acute phase response
after tissue damage or infection is severely compromised, whereas it is only
moderately affected after challenge with LPS.
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The fact that IL-6 is an

important in vivo signal which co-ordinates the activities o f macrophages and
lymphocytes may also suggest that it plays a role in controlling DC function
and perhaps DC development. These experiments were designed to study the
phenotype and function o f DC derived from the spleen and grown from bone
marrow precursors o f IL-6KO mice and to compare them with control
C57BL/6 mice. Previous reports on IL-6KO mice conclude that lymphoid
development is not seriously affected in the absence o f IL-6 (K opf et a l.,
1994), but these reports did not directly study DC development. As shown in
Figure 4.14 the phenotype of bmDC (fig. 4.14a) and spleen DC (fig. 4.14b) is
not significantly altered in IL-6KO mice. DC from IL-6KO mice grown from
bone marrow precursors do express lower levels o f CD80, Gr-1, (a
granulocyte marker), suggesting IL-6 may be important for granulocyte
differentiation in the bone marrow and CD40. The only significant difference
in the spleen DC population is that IL-6KO mice express lower levels of
MHC class II. When assessing the function o f these DC from the spleen, the
difference in MHC class II expression does not appear to have a significant
affect on their function. As can be seen in Figure 4.15a the ability o f IL-6KO
DC to stimulate an allogeneic MLR is identical to that o f the C57BL/6 DC.
Figure 4.15b shows the ability o f the DC grown from bone marrow in
stimulating an allogeneic MLR. The DC from the IL-6KO mice appears to
have less stimulatory function than the control C57BL/6 DC. This may be
due to the lower levels o f B7.1 and CD40 expressed by the IL-6KO mice.
Both o f these molecules are important in co-stimulation o f allogeneic T cell
responses. It is interesting to note that on the IL-6KO bmDC, lower levels o f
the IL-6R are also expressed.
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4.3

D iscussion

The data in this chapter shows that the specificity o f antigen processing o f
HEL by DC cannot be altered by the simple addition o f IL-6, IL-4 or TN F-a
to the cultures o f bmDC. The effects o f IL-4, TN F-a and IL-6 on antigen
processing and maturation o f DC are summarised and discussed below.

IL-6
The effects o f IL-6 on the phenotype and function o f bmDC has been
described. IL-6 did not induce any phenotypic maturation such as an increase
in MHC class I or II, or the upregulation o f co-stimulatory molecules such as
CD80, CD86 and CD40 as is seen when DC are matured in the presence o f
LPS.

BmDC were shown to express the IL-6R at low levels and this

correlates with expression o f the IL-6R on other cell types at low levels (Taga
et al., 1990).

Also human LC have been shown to express the IL-6R

(Larregina et a l, 1996), but very little has been published on how IL-6 can
affect DC.

Previous work on the effects o f IL-6 on the processing and

presentation o f whole HEL by bmDC showed that IL-6 treatment caused a
qualitative change in which determinants were selected from whole HEL for
MHC class II presentation (Drakesmith et al., 1998).

This also occurred

without altering the levels o f expression o f MHC class II or CD86.

The

reasons why the presentation of the cryptic HEL 2-16 determinant was not
seen in my studies is not clear, but could be due to a number o f factors.
Firstly, the mice used in these studies were from different suppliers and this
may have had an effect on the health status and genetic status o f the mice. If
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the mice this study were less ‘clean’ for example, this may have led to an
imbalanced production o f cytokines, including IL-6. Constant exposure o f
the DC to such conditions may mean that simple addition o f IL-6 to the
cultures had no effect on the DC. As shown in Figure 4.7, both bmDC and
spleen DC constitutively produce IL-6, the addition o f IL-6 to the cultures
only gave a five-fold increase on this concentration.

Whether DC used in

previous studies also produced IL-6 is unclear. However, bmDC were also
grown in the presence of an IL-6 blocking antibody and GM-CSF for 6 days.
The bmDC were harvested as described in Chapter 2, and on day 6 were
washed and set up with or without IL-6 overnight before co-culturing with the
HEL specific hybridomas and HEL.

The presence o f the IL-6 blocking

antibody had no effect on the presentation o f any o f the HEL determinants
(data not shown). There may also have been some genetic differences in the
mice, such as that attributable to genetic drift.

A second reason for the differences in results may be due to the method o f
purification used by different researchers and different groups. All protocols
and most reagents used were identical in both studies. However, a difference
in FCS for example, may have lead to the IL-6 synergising with other factors
causing an effect on the processing and presentation machinery o f the bmDC.

Thirdly, during the course o f these studies, many problems with the
hybridomas were experienced.

These included loss o f expression o f CD4,

loss o f specificity after short-term culture and a degree o f cross reactivity o f
at least one o f the hybridomas with other peptides o f a similar sequence.
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Although no presentation of the cryptic I-Ed restricted HEL 2-16 determinant
was seen, a reduction in the subdominant I-Ad restricted HEL 71-85
determinant was consistently seen with IL-6 treated DC, and the I-Ed
restricted dominant HEL 106-116 determinant was occasionally reduced with
DC/IL-6.

This does agree to some extent with the results shown by

Drakesmith and co-workers. When this group injected IL-6 treated DC into
mice, the DC primed mice such that there was a reduction in the dominant
HEL responses in vivo (Drakesmith et a l., 1998). To study the effects o f IL-6
on more than one antigen, the presentation o f OVA by bmDC was also
studied. IL-6 treated DC did not alter the presentation o f whole OVA to an
OVA specific hybridoma which recognises the 323-339 determinant.

The experimental system used in this chapter to investigate primarily how IL6 affected antigen processing by bmDC stems from an observation by
Yamaguchi et al., (1997). These researchers found that cultures grown from
mouse bone marrow with GM-CSF reach a state after 6 days where the
differentiation of cells can be influenced by other cytokines.

Loosely

adherent colonies and nonadherent cells subcultured with GM-CSF from day
6 cultures matured into non-adherent DC after this time. However, T N F-a
added to the subculture at day 6 increased the number o f strongly positive
MHC class II DC. This is also a good indication that at day 6 the cells are
still immature and can be influenced by the addition o f factors such as
cytokines. This was shown to be the case with the DC in this study, as shown
in Figure 4.5.

The source o f IL-6 in both studies was identical and the
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biological activity o f the IL-6 was tested by means o f the IL-6 dependent cell
line B9 (Figure 4.6).

While T cell hybridomas and proliferation assays limit the conclusions that
can be drawn about determinant-specific responses as discussed in Chapter 1
(Viner et al., 1995; Viner et al., 1996), these results nevertheless show that
simple addition o f IL-6 to the bmDC cultures had no effect on the processing
o f whole HEL such that no cryptic determinant became well displayed in
vitro.

IL-4

Treatment o f bmDC with IL-4 did not alter how the dendritic cells processed
either a dominant, subdominant or cryptic determinant from whole HEL.
There are not many published studies on the effect o f IL-4 on DC (Lutz et al.,
1996). In generating human DC from blood precursors, IL-4 decreases the
differentiation o f macrophages and helps to advance progenitor cell
development towards DC without inducing full maturation (Sallusto and
Lanzavecchia, 1994; Sallusto et al., 1995). Two papers studying the effect o f
IL-4 on mouse DC found that this cytokine appeared to cause full DC
maturation in vitro in terms o f surface MHC class II and CD86 expression
and allo-stimulatory function (Lu et al., 1995; Dillon et al., 1997). This is
surprising, taking into account the usually tolerogenic or Th-2 promoting
activities of IL-4 (Lutz et al., 1996). The effect o f IL-4 on DC in vivo is not
well understood.
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TN F-a

The well characterised effects o f TN F-a on the generation o f DC from human
precursor cells (Lutz et al., 1996), and the role o f TN F-a in inducing the
migration of LC from mouse skin (Cumberbatch and Kimber, 1992; Roake et
al., 1995) show that this cytokine is an important signaller for DC. In this
chapter TN F-a did not affect the processing or presentation o f a dominant,
subdominant or cryptic determinant o f HEL. TN F-a did however affect the
phenotype o f the DC as the level o f MHC class II was upregulated on bmDC
following TN F-a treatment. This data shows that TN F-a treatment on day 6
affects the maturation state o f the cells within only 18 hours o f exposure but
does not affect the presentation o f the I-Ed restricted dominant (106-116) and
cryptic determinant (2-16) or the I-Ad restricted subdominant determinant
(71-85) from whole HEL.

D C development in IL-6KO mice

While GM-CSF appears to be a key factor required for DC development in
vitro, other molecules are also involved in this process. Very little has been
published concerning the requirement or effect o f IL-6 on DC development.
TN F-a is mandatory for the recruitment o f CD34+ progenitors by GM-CSF
(Caux et al., 1992). Stem cell factor (SCF) and FLT-3L act in synergy with
GM-CSF and TN F-a to increase the yield o f DC (Saraya and Reid, 1996).
TGF-P is a required component o f bovine serum involved in LC development
130

(Riedl et a l , 1997). On the other hand, other molecules interfere with DC
development. IL-10 prevents the differentiation o f monocytes into DC and
drives them into macrophage like cells (Buelens et a l, 1997; De Smedt et a l,
1997). M-CSF can interfere with GM-CSF by skewing the differentiation
towards the monocyte/macrophage lineage. Similarly and in synergy with MCSF, IL-6 has been found to block DC differentiation and favours
macrophage development (Menetrier-Caux et a l, 1999). The results in this
chapter show that DC can develop normally in IL-6 KO mice.

W hat this

thesis did not explore was the effect o f IL-6 treatment on DC grown from
bone marrow precursors o f IL-6 KO mice.

This would help to determine

whether the effects seen in previous studies was actually due to the addition
o f IL-6 or a combination o f factors synergising with the IL-6.

IL-6KO mice do develop normally however, they fail to control a few
infections efficiently, and this is described in section 4.2.9.

4.4

Summary

It is clear from the experiments in this chapter that the specificity o f antigen
processing by DC cannot be dramatically altered by the addition o f individual
cytokines to their microenvironment in vitro. A reduction in the subdominant
and dominant responses was consistently seen with IL-6 treated DC.
Presentation o f the cryptic determinant did not occur in these studies.
Although the reasons for why we were unable to repeat the results involving

the cryptic determinant found by Drakesmith and co-workers are not known,
a number o f suggestions have been discussed which may account for the
difference.

In response to inflammation or tissue injury in vivo, IL-6 does not function
alone. It actually works in combination with other cytokines such as IL-1 and
T N F-a (Barton, 1997). In the following chapter, the effects o f inflammation
on DC, in particular their response to influenza A virus infection will be
discussed.
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Chapter 5
In vivo effects of inflammation on DC

5.1

Introduction

The initiation o f an immune response is critically dependent on the activation
o f DC.

This process is triggered by surface receptors for inflammatory

cytokines or for conserved patterns characteristic o f infectious agents (Celia
et al., 1999). It has been shown that influenza virus infection activates human
DC, and this activation results in increased antigen presentation and T cell
stimulatory capacity (Celia et al., 1999).

Immature DC, similar to those

found in peripheral tissues, can be generated by culturing human monocytes
with GM-CSF and IL-4 and have been used to identify the activation signals
that induce DC maturation (Sallusto and Lanzavecchia, 1994). These cells,
which have a high level of endocytic activity but low T cell stimulatory
capacity,

are

activated

into

mature

immunostimulatory

DC

by

the

inflammatory cytokines TNF-a and IL-1, and by LPS and CD40 ligand
(CD40L). This maturation process results in upregulation o f adhesion and
costimulatory molecules and downregulation o f the endocytic activity and
provides an optimal window for the loading o f exogenous antigens onto MHC
class II molecules (Celia et a l, 1997a). As shown in Chapter 4, IL-6 did not
induce any phenotypic maturation, nor did it affect the processing o f whole
HEL by bmDC, such that a cryptic determinant was revealed. What is less
clear is whether inflammation affects the processing o f a native antigen such
as HEL by DC isolated from the draining lymph nodes o f a viral infection.
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This chapter aims to study the properties o f DC isolated from the draining
lymph nodes o f influenza virus infected mice. Influenza virus has been used
extensively to study MHC class I-restricted antigen presentation (Braciale and
Yap, 1978; Townsend et a l , 1986; Yewdell et a l, 1988).

However, the

effects o f influenza virus on MHC class II-restricted presentation are not well
defined. In this chapter the phenotype o f DC isolated from the mediastinal
lymph nodes o f influenza infected mice is described. The antigen processing
and presentation capacity o f these DC is then studied using HEL and a panel
o f HEL specific hybridomas as described in Chapter 4. The possibility o f a
viral infection initiating an anti-self response is then discussed along with the
connection between viruses, inflammation and autoimmunity.

5.2

Results

5.2.1

Antigen presentation properties o f spleen D C ex vivo

Chapter 4 details the results of DC grown from mouse bone marrow in the
presence o f GM-CSF and describes their antigen presentation properties
following individual cytokine treatment. This chapter aims to focus on the in
vivo effects o f inflammation on DC and starts by assessing the properties of
DC matured ex vivo. Dendritic cells were enriched from spleen and lymph
node by taking advantage o f two properties o f these cells: transient adherence
and low bouyant density.

Strongly adherent cells such as macrophages

remain stuck to plastic after an overnight incubation whereas DC adhere
initially but detach after two hours and are non-adherent after an overnight
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incubation.

These non-adherent, low density DC can subsequently be

separated from other non adherent, high density cells such as lymphocytes by
centrifugation on a layer o f metrizamide. These DC were cultured with or
without IL-6 overnight. The following day, the cells were harvested, washed
and co-cultured at a density of 104 cells/well with graded doses o f HEL or
HEL peptide determinant and 5 x 104 HEL specific hybridoma cells/well. We
found that spleen DC were able to present basically the same profile o f HEL
determinants as bmDC. IL-6 treatment had no effect on the presentation o f
the dominant 106-116 determinant (Figure 5.1c).

Presentation o f the

subdominant determinant was not affected by IL-6 treatment o f the spleen DC
(Figure 5.1b). Neither DC/Nil or DC/IL-6 were able to present the cryptic
determinant HEL 2-16. DC/Nil and DC/IL-6 were able to present the peptide
form o f the 2-16 determinant to the hybridoma equally. This control shows
that both DC and DC/IL-6 could present the cryptic determinant if it required
minimal processing, but that they were unable to process the determinant
from native HEL.
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5.2.2

Phenotype o f D C enriched from the mediastinal lymph node

BALB/c mice were infected intranasally (i.n.) with the influenza A virus
A/X31, and at 5-6 days postinfection the mediastinal lymph nodes (MLN)
were removed. DC were enriched from the MLN as described in Section
5.2.1.

Cells were stained for various cell surface markers including MHC

class I and II and co-stimulatory molecules such as CD40, CD80 and CD86
as described in Chapter 2.

The results shown in Figure 5.2 display the

activation state of the MLN DC compared to bmDC and spleen DC. The
MLN DC (red histogram) expressed increased levels o f MHC class I, MHC
class II, CD80 and CD86. Influenza virus has been shown to increase MHC
class I synthesis and also increase stability o f displayed MHC class I-peptide
complexes (Celia et al., 1999). It is thought that this increased stability may
be related to high affinity peptides derived from the degradation o f viral
proteins, since this type o f increased stability is not seen with LPS treatment.
What is not clear however, is whether influenza virus infection affects MHC
class II synthesis, stability or the profile o f determinants displayed by the
MHC class II molecule.
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5.2.3

Inflammation alters the processing o f HEL by M LN D C

BALB/c mice were infected i.n. with A/X31, and 5-6 days post infection the
MLN were removed and the DC enriched from these lymph nodes as
previously described. MLN DC were set up at a density o f 104 cells/well with
graded doses o f HEL or the relevant peptide and 5 x 104 HEL specific
hybridoma cells/well. In these experiments DC enriched from the spleens o f
non-infected mice were used as controls. The results o f one experiment are
shown in Figure 5.3. It was found that when co-cultured with whole HEL,
MLN DC elicited a different profile o f T hybridoma responses compared with
the spleen DC. When I-Ed restricted determinants were studied, MLN DC
were less efficient at presenting the dominant determinant 106-116 compared
to the spleen DC (Figure. 5.3c). Most notably, MLN DC were able to process
and present the cryptic determinant 2-16 from whole HEL (Figure. 5.3a).
When I-Ad-restricted determinants were studied, MLN DC were also less
efficient at processing the subdominant determinant 71-85 compared to
spleen DC (Figure. 5.3b). This experiment was repeated several times. On
all occasions a reduction in the processing o f the dominant and subdominant
determinants from whole HEL by MLN DC was seen. Figure. 5.4 shows the
results from a different experiment where another clear reduction in the
processing o f the subdominant 71-85 (Figure. 5.4a) and the dominant 106116 (Figure. 5.4b) determinant from whole HEL by MLN DC is displayed.
This is in parallel with the data on IL-6 affecting the processing o f the
dominant and subdominant determinants from whole HEL by DC/IL-6 (see

Chapter 4).

The picture with MLN DC processing the cryptic 2-16

determinant from whole HEL is less clear. As shown in Figure 5.3a MLN
DC are capable o f processing the cryptic determinant.

The results from

another experiment are shown in Figure 5.5. In this experiment splenic DC
were also apparently able to process the 2-16 determinant from whole HEL.
Why the spleen DC appear to be processing the cryptic determinant in Figure
5.5 is unclear. It may just be that on this occasion they were obtained from an
“unclean” mouse and as such were subject to the same sort o f conditions as
the MLN DC. When results from three different experiments are expressed
as a stimulation index relative to no antigen, MLN DC become more
efficient. Figure 5.6 presents 3 separate experiments expressed in this way.
Two o f the three experiments show a clear difference in the ability o f MLN
DC to process the 2-16 determinant when compared with spleen.
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5.3

Discussion

The data in this chapter shows that DC isolated from the draining lymph
nodes o f mice which have been infected with influenza A virus are able to

cells.

This was important in light of the fact that IL-6 treatment had no

dramatic effect on the processing of HEL by bmDC.

These experiments

illustrated that spleen DC that had been cultured with or without IL-6 could
not present the cryptic 2-16 determinant from whole HEL. Unlike the bmDC
there was no reduction seen with spleen DC in the processing and
presentation of the subdominant 71-85 determinant or the dominant 106-116
determinant. This may indicate that the spleen DC are too mature at the time
of ex vivo isolation.

Spleen DC and bmDC have been found to be quite

similar in functional assays (Garrigan et a l , 1996) including allogeneic T cell
stimulation and proliferation of a T cell hybridoma. Their comparison in the
processing and presentation of native antigen to T cell hybridomas is not well
documented.

The DC enriched from the MLN of influenza A virus infected mice were
found to express an activated phenotype. This included an increase in levels
of MHC class I, MHC class II and the co-stimulatory molecules CD80 and
CD86. The levels on bmDC and spleen DC were much lower. Previous
reports have shown that influenza virus activates human DC (Celia et al.,
1999). The situation with murine DC and influenza infection is less clear.
DC recovered from influenza virus infected mice have been shown to
stimulate virus-specific responses and most probably are responsible for
initiating the cytotoxic T-lymphocyte response to influenza virus in the
draining lymph node (Hamilton-Easton and Eichelberger, 1995). What effect
influenza virus infection may have on MHC class II antigen presentation by
APC such as DC in vivo is unclear. However, inflammatory cytokines such
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as IFN-y are reported to have an effect on MHC class I presentation (Fruh and
Yang, 1999). The data presented in this chapter suggests that inflammation
due to a viral infection may lead to an altered hierarchy of MHC class II
determinants presented by the DC. In two of the three experiments, MLN DC
were able to present the cryptic determinant from whole HEL compared to
the control spleen DC. More consistent was the reduction in the subdominant
and dominant responses by MLN DC. This correlates with the data shown in
Chapter 4, where DC/IL-6 were less efficient at presenting the subdominant
and sometimes the dominant determinant. This is also in agreement with the
in vivo data provided by Drakesmith and co-workers who showed the
reduction in the dominant 106-116 response following in vivo priming of
mice with DC/IL-6 and HEL (Drakesmith et a l, 1998). The implications of
these findings will be discussed more fully in Chapter 6.

In an inflammatory situation such as influenza A virus infection, DC would
be subject to a plethora of cytokines and other stimuli such as viral proteins.
The exact signals that may be involved in altering the processing and
presentation properties of the DC are, at this stage, unclear.

Some of the

cytokines one would expect to find in such a situation would include IL-lp,
TNF-a, and IL-6.

To clarify the importance of these cytokines and to

determine if any have a direct role in affecting the DC presenting function,
one could firstly analyse the cytokine profile of the MLN DC and compare it
to that of the control spleen DC. Secondly, one could use knockout mice
deficient for different cytokines. For example, infecting IL-6KO mice with
influenza virus to see if presentation of the cryptic determinant of HEL still
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remains in the MLN DC. To further examine whether IL-6 does have an
effect on the results seen with MLN DC presenting the cryptic determinant,
anti-IL-6 could be given to the mouse at the time of infection, or indeed a
cocktail of blocking antibodies. It would be interesting to determine whether
factors in the MLN DC cultures could be transferred to bmDC cultures using
a transwell system for example. The answers to some of these experiments
may help to unravel which cytokines (or indeed other factors) may be
important in influencing DC differentiation or function. The possibility that
initiation of autoimmune disease may result due to DC being differentially
activated by cytokines will be discussed in the following chapter.

5.3 Summary

It has been shown in this chapter that DC enriched from the MLN of mice
following infection with A/X31 display an altered profile of determinants
from whole HEL when compared to the control.

Most notable was the

presentation of the cryptic 2-16 determinant and at the same time a reduction
in the subdominant and dominant determinants. The significance of this in an
autoimmune model in relation to altered presentation of cryptic self epitopes
following an infection will be discussed in Chapter 6.
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Chapter 6
General Discussion and Future Perspectives

The aims of this thesis were firstly to study the phenotype and function of
bmDC grown from murine bone marrow in response to an inflammatory
stimulus such as LPS. Secondly, it was to assess the effects of cytokines,
primarily IL-6, on the antigen processing and presentation properties of
bmDC in vitro. And thirdly, it was to determine whether DC conditioned by
inflammatory stimuli in vivo processed and presented native antigen any
differently.

Some of the results found further support the possible link

between DC, viruses, cytokines and autoimmunity. Accumulating evidence
suggests that autoimmune responses involving T cells directed against self
can be primed by DC.

As discussed in Chapter 1, many inflammatory stimuli which mature DC into
a T cell activating state have been identified and include TNF-a, IL-lp, LPS,
and CD40 ligation (Sallusto and Lanzavecchia, 1994; Sallusto et a l, 1995).
This maturation process involves cell migration, alteration in MHC class II
biosynthesis, upregulation of co-stimulatory molecules, downregulation of
endocytosis and induction of cytokine release (Drakesmith et a l, 2000).
Chapter 3 illustrates the effects of LPS on murine DC, resulting in an
activated phenotype and an increase in T cell stimulatory function.

This

increase in T cell stimulatory function was found to affect both allogeneic and
syngeneic T cell responses. Although the syngeneic response seen may be
due to proteins in the FCS, it may also represent a true anti-self response.
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Activation of the DC via LPS results in increased levels of MHC class II and
CD80 and CD86. These increases may raise the number of previously cryptic
MHC-peptide ligands above immunogenic threshold and reduce the threshold
for T-cell activation respectively. Indeed, autoreactive T cells are part of the
repertoire of healthy individuals (Bums et al., 1983), and following extensive
tissue damage, increased levels of self-antigens will be available for
processing and presentation by APC. This taken together with DC displaying
a highly activated phenotype may lead to an anti-self response.

It has been argued that changes in the specificity of the anti-self response
during the course of a disease or infection leads to the display of previously
cryptic self-determinants (Lehmann et al., 1993). This phenomenon is known
as “determinant spreading” (Lehmann et al.,

1992) and has major

implications for the pathogenesis of T cell driven autoimmune diseases. The
mechanisms that underlie the differential presentation of autoantigens are not
clear, but several theories have been published (Lehmann et al., 1993). It has
also been suggested that an imbalance of cytokines may cause to differentiate
DC to a disfunctional state (Drakesmith et al., 1998). This work, as already
discussed in Chapter 4, found that IL-6 treated DC were able to process and
present a cryptic determinant from whole HEL. On repeating this work, we
were unable to reveal the cryptic determinant by simple addition of IL-6 to
the bmDC cultures.

Exposure of DC to cytokines in inflamed tissues may lead to increased
expression of MHC class II molecules, potentially augmenting the number of
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rare MHC-peptide ligands above the critical threshold (approx. 50-200
complexes per cell) for stimulation of specific T lymphocytes (Demotz et al.,
1990). Also, activated DC are known to express higher levels of accessory
and adhesion molecules which lower the threshold for T cell activation, as
shown in Chapters 3 and 5.

All these events may enhance antigen

presentation and have a qualitative effect on peptide display. We therefore
studied the antigen presentation properties of DC isolated from the draining
lymph nodes of influenza infected mice. As discussed in Chapter 5, we saw
presentation of the 2-16 cryptic determinant of HEL in two out of three
experiments. These DC possess a very activated phenotype, and this supports
the idea that activation of DC by viruses may somehow alter the population of
peptides displayed by the MHC class II on DC. This may not necessarily lead
to increased presentation of all determinants, as shown in Figure 5.3 and 5.4,
a reduction in the subdominant and dominant determinants is seen.

If DC can be differentiated by an imbalance of cytokines or by exposure to
inflammatory stimuli, it may lead to changes in presentation of self-antigens
and foreign antigens. It may be the case as suggested by Drakesmith and co
workers, (Drakesmith et al., 1998) that autoreactive T cells can be engaged to
induce and propagate autoimmune disease as a result of imbalanced signals to
dendritic cells, and thereby changing the repertoire of peptides displayed to
the T cell.

However, the results we found stemmed from an in vivo

observation involving a very common infection. We therefore believe that
the change in the repertoire of determinants displayed by the DC is unlikely
to be harmful to the animal.

This alteration in peptide display may
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specifically initiate responses which may be required to clear the infection
more effectively and more quickly. In the ‘normal’, non-inflamed state, the
organism may be tolerant to these determinants and hence one may not be
able to generate a recall response to certain determinants in vitro. For certain
unlucky individuals, a chronic infection may lead to chronic presentation of
poorly displayed determinants and by mechanisms not fully understood may
lead to an autoimmune disease.

In fact DC have been implicated in several autoimmune diseases including
rheumatoid

arthritis,

diabetes,

multiple

sclerosis,

systemic

lupus

erythematosus and psoriasis (Pettit and Thomas, 1999). DC are present in
high numbers in the serum and synovial fluid of patients with rheumatoid or
juvenile chronic arthritis (Harding and Knight, 1986), and high levels of
circulating DC secreting proinflammatory cytokines are associated with
multiple sclerosis (Huang et al., 1999). DC have also been used in a model
system to illustrate that they can induce and maintain autoimmunity (Ludewig
et al., 1998). In these studies DC were engineered to constitutively express a
region of lymphocytic choriomenigitis virus glycoprotein (LCMV-GP) that
contains a dominant cytotoxic T-cell epitope. These DC caused autoimmune
diabetes when injected into transgenic mice that expressed LCMV-GP
exclusively in pancreatic p cells.

This induction of autoimmunity was

accompanied by the de novo formation of lymphoid tissue.

There is now plenty of evidence to indicate that there maybe a link between
DC, viral infections, cytokines produced as a result of such an infection, and
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the outcome being an autoimmune response. The data presented in this thesis
does show that DC exposed to a viral infection can process an antigen such
that previously hidden determinants are revealed to the T cell repertoire.

Whether this phenomenon (which is a consequence of inflammation) involves
IL-6 remains to be determined. One experiment that could be carried out to
try to answer this question is by crossing the IL-6KO mouse on to a BALB/c
background.

Repetition of the antigen presentation experiments described

here, in the complete absence of IL-6 would clarify whether IL-6 was
required for altered presentation of HEL. The scenario with self-antigens and
altered presentation could also be studied further. Can IL-6 treated DC or DC
from an inflamed tissue process autoantigens such as MBP, insulin or
collagen any differently such that cryptic determinants are exposed? Also
what are the effects of other infections, for example other viruses or bacteria?
Are the results seen with presentation of the cryptic determinant just limited
to influenza infection or can it be achieved with other infections such as
salmonella?

It would also be interesting to look at the presentation of HEL using
transgenic mice which express HEL. DC in these mice would be processing
endogenously produced HEL.

This would overcome any maturation

problems that may be experienced when working with DC ex vivo or in vitro.
The mice would be also be tolerant to the immunodominant determinants of
HEL as it would be seen as self. Also, can we find T cells in the draining
lymph nodes of flu infected transgenic mice reactive to the 2-16 determinant?

This means any presentation of the cryptic determinant would mimic a true
anti-self response.

At present there are two strains of transgenic mice

(EH43.69 which expresses a membrane bound form of HEL, and E l 17.16
which expresses a secreted form of HEL under the MBP promoter) that are
being backcrossed onto the BALB/c background.

Investigation of the cytokine profile produced by MLN DC (activated) and
spleen DC (resting) DC using an RNAse protection assay for example, would
help to determine which cytokines are being produced by different activated
states of DC. It may also help in finding out which cytokines or other factors
may be involved in differentiating DC into a phenotype which can reveal
cryptic determinants.

Of course, it would be interesting to study this effect in humans, although at
present the immunogenic properties of various proteins are not well defined.
It is difficult to prime patients with whole proteins (or even peptides) in order
to study their immune response. Even ex vivo work is limiting, and therefore
the maturation state of the DC in humans has remained unclear. However, it
would be possible to study the effects of IL-6 on human DC in vitro.

At present it is clear that the effect of inflammatory stimuli on DC, in
particular their antigen processing and presentation properties, requires more
investigation.
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