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ABSTRACT

As monocytes differentiate into macrophages, subsets emerge that exhibit
stimulatory, suppressive or phagocytic potential. These functionally distinct subsets
can be discriminated using monoclonal antibodies RFD1 and RFD7. The overall
functional capacity of this pool depends on the relative balance of these sub-
populations. Analysis of the immunopathology in bronchial biopsies from asthmatic
subjects has revealed significantly reduced proportions of suppressive macrophages
associated with chronic T cell mediated inflammation which is corrected by

treatment with inhaled corticosteroids.

This thesis investigates the effect of the T cell cytokines (IFNy, IL-2, IL-4 and
IL-10) on the differentiation of peripheral blood monocytes in a controlled in vitro
environment. Mature macrophage phenotype was determined by double
immunofluorescence using RFD1 and RFD7. Cytokine production in culture
supernatants was determined by ELISA. Macrophage function was assessed by the
capacity to stimulate T cell proliferation in a mixed leucocyte reaction. Both IL-4 and
IFNy increased the proportion of RFDI+RFD7- inductive macrophages and
stimulated T cell proliferation. IL-10 decreased the proportion of RFD1+ RFD7-cells
and concomitantly increased the proportion of RFD1-RFD7+ and RFD1+RFD7+
suppressive cells which inhibited T cell proliferation. IL-2 showed no effect on

monocytes.



These initial observations were extended by investigating monocyte
differentiation in atopic asthma. The proportion of maturing macrophages with a
suppressive RFD1+RFD7+ phenotype was lower in asthmatics. Asthmatic
monocytes had a greater effect in stimulating MLR than normal. The addition of IL-
10 restored the imbalance within the macrophage subsets and reduced their ability to
promote T cell proliferation. Corticosteroids (dexamethasone and fluticasone) had a
similar effect to IL-10, decreasing the proportion of inductive macrophages,
increasing suppressive macrophages and downregulating macrophage driven T cell

proliferation.

This thesis contributes to an understanding of the regulation of macrophage
dysfunction and chronic inflammation in asthma. It describes a model system
whereby monocyte differentiation can be tested in vitro. Further, it introduces a new
mechanism by which fluticasone propionate is efficacious in asthma and raises the

possibility of manipulation with IL-10 being of therapeutic benefit.
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CHAPTER 1 - INTRODUCTION

The History of The Macrophage

The term “macrophage” was coined by Ilya Metchnikoff in 1887, four years
following his observation of the phagocytosis of foreign material by wandering cells
in starfish larvae (Metchnikoff 1883 & 1887). At the time he stated that “there is no
inflammation without phagocytes”. In the late 1800s, Erlich had introduced
techniques for staining blood cells thus allowing a more exact identification of white
corpuscles (Erlich 1880). He described the presence of “large mononuclear cells with
indented nuclei” which were later called monocytes (Pappenheim & Ferrata 1910). In
the early 1900s several investigators demonstrated that blood monocytes, after long-
term culture in vitro were similar in appearance to tissue macrophages, inflammatory
epithelioid cells, and multinucleated giant cells (Lewis 1925; Lewis 1927). Using
supravital dyes in the transparent rabbit ear, Ebert and Florey demonstrated that
blood monocytes emigrated into the tissue in-vivo and changed into cells with the

appearance of inflammatory tissue macrophages (Ebert & Florey 1939).

The term histiocyte was introduced instead of macrophage in 1924 by
Kiyono. Aschoff used the term histiocyte as a main cellular component in his
reticuloendothelial or reticulohistiocytic system (Aschoff 1924) which incorporated
lymphatic reticulum cells, lymphatic sinusoidal epithelial cells, sinusoidal
endothelial cells of spleen and liver, and macrophages such as Kuppfer cells sharing
the ability to macropinocytose. However this classification has faded into disuse

because of the lack of an ontogenetic relationship between all the cellular
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components and the abandonment of the pathological classification of diseases such

as reticuloendothelioses.

The accumulation of information about the origin and kinetics of monocytes
and macrophages as well as the similarities between morphological, cytochemical,
immunological and fuﬁctional characteristics, leAd to the concept of the mononuclear
phagocytic system introduced in the late 1960s by van Furth (van Furth & Cohn
1968; van Furth et al 1975). Studies with chimeras elucidated the bone marrow
origin of macrophages (Shand & Bell 1972). The use of radiolabelled cells showed
that peritoneal macrophages both in an inflammatory exudate (Volkman et al 1966)
and the normal steady state (Balner 1963; Goodman 1964), derived from circulating
peripheral blood monocytes. Subsequently, it was confirmed Kuppfer cells (Howard
1970), pulmonary macrophages (Brunstetter ez a/l 1971) and splenic macrophages

(van Furth et al 1974) also arise from blood monocytes.

In 1973 Steinman introduced the concept of the dendritic cell, first identified
in adherent cell populations prepared from mouse peripheral lymphoid organs
(Steinman & Cohn 1973). The term “dendritic cell” was coined on the basis of
morphological criteria. After adherence and spreading on glass or plastic surfaces,
these novel cells assume a variety of branching forms and constantly extend and
retract many fine cell processes. Functionally, these antigen presenting cells have
since been distinguished by their potency and ability to stimulate primary T cell

responses in vitro (Steinman & Cohn 1974a) and ir vivo (Steinman & Cohn 1974b).

14



Since then, this dichotomy of the mononuclear phagocytic and dendritic cell
systems has le,{d to the frequent separate study of macrophages and dendritic cells.
Unfortunately this has le;(d to an overly rigid interpretation of macrophages and
dendritic cells as phagocytes and non phagocytic antigen presenting cells
respectively. More recently, their common bone marrow origin (Witsell & Schook
1991), potential to transdifferentiate (Santiago-Schwarz et al 1992; Murphy et al
1986) and also the blurring of the morphological and functional distinctions by the
versatility of the monocyte/macrophage and dendritic cells has resulted in a
reunification of the mononuclear phagocyte - dendritic cell dichotomy (Goerdt et al

1996).

In the 1960’s a new dimension emerged with the description of the first
soluble mediators. Concurrently Bloom and Bennett (1966), and David (1965)
identified a soluble factor causing inhibition of macrophage migration. Moreover,
lymphocytes coming in contact with an antigen to which they were previously
sensitised were shown to release soluble factors with a variety of functions (Nath et
al 1973). These factors had been collectively termed lymphokines (Dumonde et al
1969). Their complexity (and even apparent paradoxical functions) appeared at an
early stage with the observation that macrophage migration inhibition and

macrophage activation are mediated by the same lymphokine (Nathan et al 1973).

More recently, the rate of discovery and understanding of the role of

cytokines within the immune system has increased exponentially. This is in part due
L

to more refined experimental techniques enabling,\study of cytokines both at the

intracellular level and as secreted soluble mediators. Thus a detailed comprehension
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of the relationship between macrophages and dendritic cells, their importance within
the immune system and the role of soluble mediators in regulating their
differentiation is a necessary foundation for understanding the complexity of

monocyte and macrophage development and function.

The Mononuclear Phagocytic System

The bone marrow is the major site of production of mononuclear phagocytes.
Primitive stem cells first become committed to the mononuclear phagocyte lineage in
a stochastic fashion, differentiating into monocytes under the influence of growth
factors. These growth factors including macrophage colony stimulating factor (M-
CSF), granulocyte-macrophage colony stimulating factor (GM-CSF), colony-
stimulating factor-1 (CSF-1) and IL-3 cause both proliferation and differentiation of
primitive haematopoietic cells to monoblasts, promonocytes and mature monocytes

(Nicola & Vadas 1984; Metcalf 1985).

The following brief morphological description of monocytes and phagocytes
will provide a basis for understanding the association between phenotype and
function discussed in this thesis. Monocytes, although they may vary in size and
shape are approximately 10 to 15 um in diameter. The nucleus is large, oval or
indented and centrally placed; the cytoplasm contains numerous vacuoles. The small
peroxidase containing granules give a distinctive bluish ground glass appearance to
the cytoplasm in Wright’s stained preparations (van Furth 1980). The cells attach
avidly to plastic or glass, are motile in their adherent state and spread and project thin

processes within 1 to 3 hours. On phase contrast microscopy, phase-dense granules,
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which correspond to lysosomes can be seen in the cytoplasm (Zuckerman et al 1979,

van Furth 1980).

Macrophages, representing the tissue component of the mononuclear
phagocyte system are heterogeneous with many different phenotypes. Arising from
emigrated blood monocytes, they differentiate in response to local conditions.
Macrophages are large actively phagocytic cells measuring 15 to 80 pm in diameter.
Their shape is irregular (with pseudopodia frequently seen) and motility is
comparable to that of blood monocytes. The nucleus appears oval and euchromatic
with more prominent nucleoli. When stained with Wright’s stain the cytoplasm is
sky blue reflecting an increase in RNA and contains coarse, azure granules and
vacuoles. Peroxidase is present in the golgi complex and rough endoplasmic
reticulum (RER) but in contrast to monocytes is absent in granules (Nichols &

Bainton1973).

Blood monocyte kinetics have been investigated in humans by in vivo and in
vitro studies using the labelling of autologous blood with tritiated diisopropyl
fluorophosphate (CH-DFP). Results of these studies showed a larger marginal
monocyte pool, a half-life within the circulation of 8.4 hours and a calculated

turnover rate of 7 x 10%kg/hour (Meuret et al 1974).

Most experimental evidence suggests that tissue macrophages arise primarily
from emigrated blood monocytes that differentiate into macrophages. (van Furth
1980) Studies involving humans after bone marrow or liver transplantation from

opposite sex donors have provided evidence for the bone marrow or blood origin of
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liver Kuppfer cells (Gale et al 1978) and alveolar macrophages. (Thomas et al 1976)
This has been confirmed by animal studies in which *H-TdR incorporation in
residual bone marrow shielded from total body irradiation resulted in near normal
levels of labelled peritoneal, hepatic and alveolar macrophages (van Furth & Cohn
1968; van Oud Albas & van Furth 1979). Furthermore, glucocorticoids which inhibit
the migration of blood monocytes into tissues reduced the labelling indices within
the tissue macrophages. (Thompson & van Furth 1970) Some suggest (Volkman et al
1983) that local proliferation of tissue macrophages contributes to tissue macrophage
renewal, although the precise extent of this remains unknown (van Furth 1988). The
kinetics of tissue macrophages within some organs have been investigated in mouse
studies. For example, approximately 15% of labelled blood monocytes migrate into
the lung. Of the total murine lung macrophage population 93% of cells reside in the
alveoli and only 7% in the interstitium, with a mean turnover time of 27 days (van

Oud Albas & van Furth 1979).

As well as in the lung, cells of the mononuclear phagocytic system are
distributed widely around the body. Cells within various tissues are quite
heterogeneous, differing in many parameters. Morphological and functional
distinctions have been made between “classic” phagocytic macrophages and
populations of dendritic cells that are poorly phagocytic and represent specialised
antigen presenting cells. (Hobman et al 1984, Steinman & Cohn 1973) As these
subpopulations of macrophage-like cells express functional differences (Poulter et al
1983), it becomes important to distinguish between them in situ. In this regard the
discovery of monoclonal antibodies (Kohler & Milstein 1979) revolutionised the

phenotypic characterisation of cells within the immune system. Given the unique
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specificities of these reagents immunohistology using monoclonal antibodies
(MoAb) to identify cell specific surface molecules became a powerful tool in which

to dissect these functionally distinct subsets.

Dendritic Cells

Dendritic cells have a central role within the immune system acting
predominantly as professional antigen presenting cells (Steinman et al 1991; Knight
& Stagg 1993; Caux et al 1995; Cella & Sallusto 1997). DCs originate from a bone
marrow precursor common to granulocytes and macrophages (Reid et al 1990;
Santiago-Schwarz et al 1995), and a separate DC colony-forming unit (CFU-DC)
that gives rise to pure DC colonies has been identified in humans (Young & Hardy
1995). However an intermediate precursor in the bone marrow and peripheral blood
has been identified with the potential to differentiate into dendritic cells or
macrophages depending on the local cytokine microenvironment (Szabolcs et al
1996). Wood and co-workers (1985) showed that human monocyte/macrophage and
dendritic cell subsets share the same MHC class II, L3B12+, CD14+, CD4+
phenotype and suggested that macrophages and dendritic cells are more closely
related to one another than to other leucocyte subsets. Thus the relationship between
macrophage and dendritic cell differentiation is more complex than the original

separatist hypotheses suggested.

In addition to stem cells, blood contains a series of low density, non-adherent
mononuclear cell populations that may be representative of the later developmental
stages of DCs (Knight & Stagg 1993). The cells form a continuum between

undifferentiated cells with short cytoplasmic extensions which represent the major
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DC cell population, larger cells more similar to tissue DCs and occasional cells with
a “veiled” morphology usually seen in afferent lymph or lymph nodes (Patterson et al
1991). Such cells express high levels of MHC Class II and RFD1 but lack CD14,
CD3, CD19, and CD16 suggesting that they are not classical monocytes, T cells, B

cells or natural killer cells.

It has been suggested that DCs are not phagocytic (Steinman 1991). However
DCs entering afferent lymph from the tissues may contain large amounts of
internalised antigen and DCs can process even large antigens (De Bruijn et al 1992;
Stagg et al 1992). Antigen is carried to the lymph nodes via the afferent lymph,
where DCs are described as veiled cells (Knight & Stagg 1984). Following
peripheral antigen exposure the movement of DCs into the lymph nodes increases
dramatically, with evidence suggesting that DCs from tissues may become

interdigitating cells of the T-dependent paracortical areas of lymph nodes.

The induction of the primary responses is dependent on dendritic cells that
have the capacity to express high levels of antigenic and costimulatory signals to
prime naive T cells in vitro and in vivo. Their potent accessory function is not
constitutive but develops during spontaneous maturation in culture (O’Doherty et al
1993, 1994; Romani et al 1996) and may be induced in vivo by lipopolysaccharide
(De Smedt et al 1996). DCs have the capacity to initiate the formation of clusters of
naive T cells, as opposed to macrophages which only signal the formation of clusters
of T cells that are specific for the antigens they carry (Knight & Stagg 1993). Tissue
dendritic cells capture and process antigen effectively but are poor activators of T

cells (Steinman 1991). Following signals from bacteria, bacterial products, cytokines
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(IL-1B, TNFa, GM-CSF) or reactive chemicals (haptens) the cells undergo an
activation process with increased expression of major histocompatability (MHC)
molecules and costimulatory molecules and reduced capacity to incorporate
exogenous antigens (Roake et al 1995; Lutz et al 1996). This process may also be
reproduced experimentally in vitro (Lutz et al 1996). Maturation is completed after
interaction with T cells and is reflected in further loss of phagocytic capacity,
increased expression of costimulatory molecules and cytokine synthesis (TNFa, IL-
1B, and IL-12) (Winzler et al 1997; Heufler et al 1996, Cella & Sallusto 1996). DCs
have a rich supply of adhesion molecules such as leucocyte function antigen (LFA-
1), intercellular adhesion molecule-1 (ICAM-1), LFA-3 and they express the
important costimulatory molecule B7/BB1. T cell dependent maturation of dendritic
cells is mediated by receptor ligand interaction (e.g. CD40 ligand - CD40) and by T
cell cytokines (IFNy) (Cella & Sallusto 1996; Kitajima et al 1996). Recently it has
been discovered that activated monocytes may release unknown factors which can
support the final stages of dendritic cell maturation occurring (Bender et al 1996;
Romani et al 1996) during migration from the periphery to the T cell area of the

lymph node.

The presence of surface accessory molecules on DC is central to their
efficient functioning as professional antigen presenting cells. Several investigators
have studied the expression of the CD28/ CTLA-4 ligands B7/BB1 (CD80) and
B70/B7-2 (CD86) (Caux et al 1995). Epidermal Langerhans cells lack both CD80
and CD86, while interdigitating dendritic cells of murine lymphoid tissues express

high levels of CD86 (Inaba et al 1994). Freshly isolated peripheral blood DC lack
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CD86 although expression is induced in culture (McLellan et al 1995) whereas DCs
derived from CD34+ progenitor cells express high levels of CD86 which is thought

to play a role in T cell activation (Caux et al 1995).

Within the secondary immune response, one major route of immune
stimulation is through antigen-antibody complexes via the follicular dendritic cell
(FDC) (Clark et al 1992; Kosco et al 1992). These specialist cells involved in
presenting antigen for memory responses acquire and maintain antigen-antibody
complexes and can stimulate memory B cells (Knight & Stagg 1993) that can, in

turn, stimulate further T cell activity.

Antigen-bearing cells act as targets for effector T cells (Porcelli et al 1992)
and NK cell populations (Shah et al 1988). This has two important .functions: first,
defence against intracellular pathogens; and second, feedback regulation of immune
responses by elimination of stimulatory antigen presenting cells (Knight & Stagg

1993).

Thus, dendritic cells generated from proliferating precursors are non adherent
cells characterised by: (1), dendritic morphology; (2), the expression of CD1a, high
levels of MHC Class II antigens and accessory molecules (CD54, CD58, CD80,
CD86) as well as the lack of CD14 and non specific esterase; (3), the presence of
intracytoplasmic structures termed Birbeck granules; (4), low phagocytic activity;
and (5), the induction of the proliferation of allogeneic resting T cells (Caux et al
1992, 1995; Reid 1997; Santiago-Schwarz et al 1995; Young & Hardy 1996; Strunk

et al 1996). The heterogeneity of dendritic cells is demonstrated by the identification
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of several different subsets including: (1) CDla+, CD1b+, BG- dermal DCs and
CD1a- MHC ClasslI+ epidermal DC (Prignano et al 1995; Nestle & Nickoloff 1995;
Dobmeyer et al 1995) (2) mouse thymic DCs expressing CD8 (aa homodimer)
(Vremec and Shortman 1997); (3) MHC Class II negative DCs from bronchial
epithelium; (4) MHC Class II- cell lines established from foetal mouse skin (Stingl &

Bergstresser 1995).

Macrophage Heterogeneity and The Role of RFD1 and RFD?7.

If one takes a more holistic approach there exists a striking heterogeneity
among normal macrophages. As well as their recognised role as tissue phagocytes
there are subsets of macrophages that induce T cell responses (antigen presenting
cells / dendritic cells) and subsets with the capacity to suppress T cell responses.
These populations may be phenotypically discriminated using the monoclonal

antibodies RFD1 and RFD7 (Poulter ef al 1986; Janossy et al 1986a).

The monoclonal antibody RFD7 is produced by a hybridoma obtained after
immunisation of Balb/c mice with human peritoneal exudate cells (Poulter et al 1986).
With immunoprecipitation methods RFD7 precipitated an antigen of 77 Kd from y
interferon-induced U937 cells. It recognises a predominantly cytoplasmic antigen that
is present in mature acid phosphatase positive tissue phagocytes but absent on
inductive antigen presenting cells such as veiled cells, Langerhans cells and
interdigitating cells (Poulter et al 1986). In tonsil RFD7 stains macrophages in the
marginal sinus and connective tissue chords. It does not however appear on peripheral
blood monocytes and it has been suggested that RFD7 may be a differentiation marker

(Poulter et al 1986). Studies of foetal tissue reveal that RED7+ macrophage like cells
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that appear in the yolk sac also react with the MoAb UCHM1(CD14) (Janossy et al
1986a). When RFD7+ cells appear in the foetal liver, however (9-12 weeks), these
more mature cells are UCHM1 negative. Neither granulocytes nor lymphocytes react

with RFD7.

The monoclonal antibody RFD1 is produced from a hybridoma obtained after
immunisation of Balb/c mice with human thymus cell suspensions. Spleen cells from
the mice were then fused with NS1 myeloma cells and the subsequent hybrids cloned
twice (Poulter et al 1986). RFD1 recognises a unique epitope within the MHC Class II
antigen complex with restricted expression to cells known to be stimulators of T cells
(Poulter et al 1986). This observation is substantiated by tissue distribution, (all
RFD1+ cells are MHC class II+). However not all MHC class II cells are RFD1+ (e.g.
normal Langerhans cells within the epithelium are RFD1-). Therefore this MoAb
recognises an epitope with restricted expression or an associated but distinct MHC
class II antigen as yet ill defined. Its distribution is limited to the dendritic cells. It does
not react with granulocytes, monocytes or lymphocytes with the exception of a small

proportion (<20%) of B cells (Poulter ef al 1986).

These monoclonal antibodies have been used in this laboratory and by many
other independent workers (Lenz et al 1983; Seldenrijk er al 1989; Teunissen et al
1990; Zheng et al 1995; Pantelidis et al 1998) to discriminate sub-populations of
macrophages within the overall mononuclear phagocyte pool. Alveolar macrophages
obtained from bronchoalveolar lavage represent a heterogeneous macrophage

population ideally suited to further characterisation by RFD1 and RFD7.
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Such studies revealed that one set of cells morphologically identifiable as
macrophages expressed both the antigens seen by these two monoclonal antibodies
(Spiteri et al 1992). These cells have been demonstrated in vitro to exhibit a
suppressive function in relation to T cell stimulation (Spiteri & Poulter 1991; Spiteri et

al 1992; Poulter & Burke 1996).

Within normal tissues a balance of these three sub-populations can be identified
and gross changes to this balance have been observed in a variety of clinical conditions.
For example, this laboratory has previously reported that the immunopathology in
inflammatory bowel disease (Allison et al 1988; Allison & Poulter 1991), bronchial
asthma (Poulter et al 1990, 1994; Poulter & Burke 1996; Burke et al 1992, 1996),
sarcoidosis (Spiteri ef al 1988, 1992) and HIV pneumonitis (Lipman et al 1995, 1997)
are characterised by a gross imbalance in the relative proportions of phenotypically
defined inductive and suppressive macrophages. With the existence of these
functionally distinct populations it is clear that the overall capacity of the macrophage
pool within any environment will be dependent on the balance of these three different
types of cell. Thus regulation of this balance may be a crucial mechanism in sustaining
homeostasis; and dysregulation may promote immunopathologic dysfunction. This
may be of particular relevance in the situation in bronchial asthma, as local populations
of suppressive macrophages have been seen to be an important regulator of T cell

activation at this site (Holt et al 1991).
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Differentiation of Dendritic Cells and Macrophages.

Macrophages were originally regarded as the main antigen presenting cell
population (Unanue 1984). This initial work on APCs, carried out on macrophages
found that accessory cell activity was lost on treatment with phagocytotoxic agents
(Thiele et al 1983). Phagocytic activity was considered an essential feature of all
myelomonocytic progeny (van Furth 1980). Consequently, cells lacking this activity
were excluded from belonging to the mononuclear phagocytic system. Thus, as a
consequence of these studies, DC’s were long assumed to descend from a separate
lineage (Steinman & Cohn 1973; Austyn 1987; Steinman 1991). However, this initial
hypothesis developed into dogma over the years and is only now being increasingly

refuted.

Despite such heterogeneity several investigators have demonstrated that
monocytes/macrophages and dendritic cells derive from a common pleuripotential
haemopoietic progenitor cell in the bone marrow (Inaba et al 1992,1993). Furthermore,
under appropriate conditions they may also develop from CD34+ peripheral blood stem
cells (Reid et al 1990; Santiago-Schwarz er al 1992). Different combinations of
cytokines are implicated in the differentiation of phagocytes, suppressive macrophages
and antigen presenting cells thus generating widely heterogeneous phenotypic sub-
populations within the total macrophage pool. The presence of granulocyte-
macrophage colony stimulating factor (GM-CSF) is a prerequisite for the
differentiation of dendritic cells from bone marrow progenitors which is further
enhanced by the addition of tumour necrosis factor-alpha (TNFa) (Caux et al 1992;
Santiago-Schwarz et al 1992; Reid et al 1992). However the addition of interleukin-1

(IL-1) or platelet derived growth factor (PGDF), also promotes macrophage

26



differentiation (Santiago-Schwarz et al 1992). Although both GM-CSF and

macrophage colony-stimulating factor may induce macrophage differentiation the

resultant subpopulations may be both phenotypically and functionally distinct.

Furthermore there exists a degree of plasticity within the differentiation of
monocytes/macrophages and dendritic cells. The combination of GM-CSF and IL-4
promotes the emergence of dendritic cells from differentiating peripheral blood
monocytes (Sallusto Lanzavecchia 1994).  M-CSF induces a transient dendritic cell
phase in the maturation of monocytes into macrophages (Brugger et al 1991;
Andreesen et al 1988). Monocytes themselves are heterogeneous in terms of
morphology and enzyme histochemistry: a CD14+ CDI16+ population has been
identified that demonstrates features of tissue macrophages; another subpopulation has
been shown to express CD11c and CD33 and low levels of CD14, features of dendritic
cells. It has been suggested that this may reflect recirculation of cells after margination
in the lung and spleen or a first pass through peripheral tissues (Loms Ziegler-

Heitbrock et al 1993; O’Doherty et al 1994).

The T Lymphocyte - An Omnipotent Cell : Its Role Within Immune Regulation
and Inflammation

The T cell population is heterogeneous with respect to both functional
capabilities and cell surface phenotype. The definitive T cell lineage marker is the T-
cell antigen receptor (TCR) with two defined subtypes: the TCRaf and TCRyS.
Broadly speaking the TCRap cell may be further subdivided into two subpopulations

the CD4+ helper (Th) or inducer cell and the CD8+ predominantly cytotoxic (Tc) cell.
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In 1986 Mosmann et al observed that mouse CD4+ T cell clones could be subdivided
according to two predominant cytokine secretion profiles (Mosmann ef al 1986). Thl
clones produced IL-2 and IFNy and lymphotoxin, factors responsible for promoting
delayed type hypersensitivity reactions characteristic of cell mediated immunity. Th2
clones produced cytokines such as IL-4, IL-5, IL-6, IL-10, and IL-13 promoting
humoral immune responses and the activation of mast cells and eosinophils (Mosmann
& Coffman 1989a; Mosmann 1991; Swain er al 1991; Coffman et al/ 1991; Sher &
Coffman 1992; Romagnani 1994; Seder & Paul 1994). Over the past few years
evidence has accumulated supporting the existence of functionally polarised responses
by CD4+ and CD8+ subsets that depend on the cytokines they produce (Romagnani
1996; Abbas et al 1996). In general activated CD8+ T cells exhibit a Tcl cytokine
profile but, in some immunopathological disorders CD8+ cells with a Tc2 profile

predominate (Romagnani 1996).

However this polarisation of Th1/Th2 remains controversial in humans (Kelso
1995). Human Th1 and Th2 cells produce similar patterns although the synthesis of IL-
2, IL-6, IL-10 and IL-13 is not as tightly restricted to a single subset as mouse T cells
(Del Prete et al 1993, Zurawski & de Vries 1994). Several other cytokines are
produced by both subsets including IL-3, TNFa, GM-CSF and members of the
chemokine family (Romagnani 1994). Other cytokine patterns are possible within
CD4+ cells: those cells expressing cytokines of both patterns have been called Th0
cells (Mosmann et al 1989a); cells producing high amounts of transforming growth
factor B (TGF-B) have been termed Th3 (Chen et al 1993); additional phenotypes have

been described among long-term clones.
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Patterns of single-cell cytokine expression by cells in short-term culture
(Assenmacher et al 1994; Elson et al 1995; Bucy et al 1995; Openshaw et al 1995)
indicate that while there are more patterns than the extreme Th1/Th2 dichotomy,
cytokine expression is normally non-random. At the single-cell level among normal
cells in short-term culture, IL-4 and IL-5 are often co-expressed, IL-4 and IFNy are
normally exclusively expressed, and IL-10 and IFNy are co-expressed in some cells.
However, there may be heterogeneity within the Thl and Th2 subsets if the large
quantitative variations in cytokine secretion that are observed between clones in vitro
also occur in normal cells (Mosmann & Sad 1996). Thus there are several possible
explanations of CD4 subset complexity. These range from a simple Th0/Th1/Th2
model with quantitative differences in cytokine production during specific stages of
development to models which lack discrete subsets and demonstrate a continuous
spectrum of cytokines (Kelso 1995). Regardless of the model to which one subscribes,
the evidence that many T cell clones and in vivo immune responses show a marked
dichotomy between IL-2/I[FNy and IL-4/IL-5/IL-10 is less controversial. The Th1/Th2
dichotomy is a useful functional division within the immune system (Mosmann & Sad

1996).

Cytokines (Introduction)

Many studies have revealed that cytokines released by T cells have a profound
effect on macrophage function. On the one hand, cytokines such as interferon gamma
(IFNy) have been repeatedly shown to induce macrophage activation in terms of

increased microbicidal capacity, and increased antigen presenting capacity (Billiau
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1996), while others such as IL-10 have been shown to inhibit pro-inflammatory
cytokine production by macrophages and reduce their antigen presenting capacity by
inhibiting co-stimulatory molecules (Fiorentino et al 1991a, 1991b; Ding & Shevach

1992).

Interferon y

IFNy is a typical lymphokine being produced exclusively by NK cells and
certain populations of T lymphocytes, namely Thl class of CD4 lymphocytes and
certain CD8 lymphocytes (Fong & Mosmann 1990), although the production by
mononuclear phagocytes has been reported (Fultz et al 1995). In general, production of
IFNy by either NK or T cells requires the co-operation of accessory cells, usually
activated mononuclear phagocytes (Billiau 1996). The presence of the monocyte
cytokines TNFo and IL-12 are required for the optimal production of IFNy by NK cells
(Chan et al 1991). IFNy production by T lymphocytes occurs when the cells are
activated by antigens presented via professional APC (Billiau 1996), although
cytokines released by the APC, the lymphocytes themselves and bystander
lymphocytes have a profound regulatory influence on the quantity of IFNy released. IL-
2 classically stimulates (Yang & Hayglass 1993) whereas IL-10 inhibits the production

of IFNy (Moore et al 1993; Florquin et al 1994).

With the exception of some activated T cells, IFNy exerts a mild
antiproliferative effect on most cell types (Billiau 1996). One of the best documented
actions of IFNy is the induction of MHC Class II on many cell types, although MHC

Class I expression is also enhanced (Steiniger et al 1988). IFNy also upregulates the
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expression of the high affinity Fcy receptor I (FcyRI) on phagocytes (Guyre et al 1983).
As ligand binding to FcyR is widely recognised to stimulate effector functions of
phagocytes such as phagocytosis, tumour cell killing and inflammatory mediator
release, its increased expression is one mechanism by which IFNy acts as a
proinflammatory cytokine. Another important membrane protein upregulated by IFNy

is the B7 antigen whose ligand on T cells is the CD28 molecule (Freedman et al 1991).

IFNy has powerful agonistic effects on both the differentiation and maturation
of mononuclear phagocytes and in the activation of mature tissue macrophages.
Macrophages activated by IFNy have an increased capacity for pinocytosis and
phagocytosis via receptors for complement and IgG2a (Billiau 1996). However, this is
not universal as cells activated in this way have a reduced ability to ingest a variety of

obligate intracellular micro-organisms (Mosser et al 1992).

IFNy has the ability to either stimulate or inhibit production of proinflammatory
mediators by macrophages (Billiau 1996). The induction of IL-8 by IL-2 or IL-1 in
human monocytes was found to be inhibited by IFNy (Gusella et al 1993). However,
IFNy should not be regarded as a general inhibitor of IL-8 expression, because it
synergises with TNFa to induce IL-8 in other cells. IFNy-inducible protein 10
produced by macrophages is a chemoattractant for human monocytes and lymphocytes

and promotes T cell adhesion to endothelial cells (Taub et al 1993).
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Interleukin-10

I1-10 was originally described as a novel cytokine produced by murine Th2
clones that inhibited the synthesis of several cytokines by Thl clones (Fiorentino et al
1989; Moore et al 1990). Initially named cytokine synthesis inhibitory factor it was
confirmed to be a novel cytokine upon isolation and expression of a cDNA clone with
this activity (Vieira et al 1991). Initial work suggested that IL-10 mediated its
suppressive effect on Thl cells indirectly via antigen presenting cells. Studies by
Fiorentino confirmed that this mechanism was dependent on APC function because IL-
10 was ineffective in inhibiting Thl IFNy production when glutaraldehyde fixed
peritoneal macrophages were used as APC (Fiorentino et al 1991b). However the
addition of IL-10 was ineffective when purified conventional or Lyl™ B cells were used

as APC, providing further indirect evidence against the direct effect of IL-10 on T cells.

IL-10 has a variety of biological functions. Understanding of its central role
within cellular homeostasis has increased exponentially in recent years. In addition to
the suppression of the proliferative responses of CD4+ T cell clones, the levels of IL-2,
IL-5, GM-CSF and IFNy production by these T cell clones were concomitantly
reduced. (Roncarolo 1995). It has mast cell growth factor activity in combination with
IL-3 and/or IL-4 (Spits et al 1992), and T cell growth factor activity on mature and
immature mouse thymocytes in the presence of IL-2 and IL-4 (MacNeil et al 1990).
Furthermore m-IL-10 increased the expression of MHC Class II antigens on murine
splenic B cells and enhanced the viability of these cells (Go et al 1990). In addition it
has been suggested that m-IL-10 produced by Ly1* B cells and B cell lymphomas may

act as an autocrine growth factor for these cells (O’Garra et al 1990).
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There are several consequences of the inhibitory effect of IL-10 on
macrophages, although questions remain regarding how IL-10 treated
monocytes/macrophages inhibit Thl cell function. One possible mechanism is via
downregulation of cytokine vproduction, since IL-10 significantly inhibits the
lipopolysaccharide (LPS) induced production of IL-6, TNFa and IL-1 by differentiated
macrophage cell lines (Fiorentino e al 1991b). However the use of supernatants from
macrophage cultures was not sufficient to overcome the inhibitory effect of IL-10 on
APC stimulation of Thl cells. It may be that the expression of a membrane bound co-
stimulator on APC is downregulated. Another possibility is the production of a putative
inhibitory factor (such as the cytokine TGFf) which could then act upon the T cell to
inhibit cytokine production. These questions were answered in a study by de Waal
Malefyt et al who elegantly investigated the effects of IL-10 and v-IL-10 on antigen
specific human T cell responses using either monocytes or Epstein-Barr virus
lymphoblastoid cell line (EBV-LCL) as the APC. IL-10 profoundly downregulated
MHC Class II expression on human monocytes and also blocked the MHC Class II
enhancing effects of IFNy and IL-4. It had no modulating effect on MHC Class I
expression and neither did it alter expression of CD11a, CD11b, CD11¢, CD18, CD54
(ICAM-1), CD58, (LFA-3), CD14, CD44, VLA-4, VLA-5, VLA-6, CD23 and CD25
thus indicating that the reduction in antigen presenting capacity was not secondary to
the inhibition of those intracellular adhesion molecules involved in T cell activation or
proliferation (de Waal Malefyt et al 1991). The reduction in antigen-specific
proliferative responses of CD4+ T cells and T cell clones is associated with a strong
reduction in surface MHC Class II expression on the monocytes. They proposed that

the MHC class II synthesis and cell surface expression of new MHC Class II/peptide
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complexes is particularly important for antigen presentation. IL-10 by decreasing HLA-
DR and B7-2 (CD86) expression at the dendritic cell surface inhibits the proliferative
responses as well as the production of IL-2 and IFNy in mixed lymphocyte responses
between purified T cells and dendritic cells (Buelens et a/ 1995; Ding & Shevach
1992). Thus, a contact dependent hypothesis was generated for the influence of IL-10

on APC-T cell interaction.

However, a contact independent mechanism involving either the inhibition of
proinflammatory cytokines or the production of a putative soluble inhibitory factor
could also play a significant role. IL-10 inhibits the production of IL-1a, IL-1p, IL-6,
IL-8, TNFa and GM-CSF. Although IL-la, IL-1B, TNFa and GM-CSF have
costimulatory effects on antigen-specific T cell proliferation, the addition of saturating
concentrations of these cytokines did not reverse the inhibitory effect of IL-10.
Similarly cell culture in the presence of antibodies against these cytokines did not result
in additional inhibition of an antigen specific T cell response. Furthermore, the
supernatant of IL-10 treated monocytes failed to reduce the specific proliferative T cell
response of T cell clones induced by antigen presented by autologous EBV-LCL (de
Waal Malefyt et al 1991). Nonetheless it is still entirely plausible that a combination of

direct contact and non contact mechanisms may be necessary for maximum effect.

More recently, however de Smedt et al suggested that the failure of IL-10
treated dendritic cells to activate Thl cells resulted from impaired IL-2 production as
assessed by decreased production of IL-12, a heterodimeric cytokine necessary for

optimal generation of Thl cells (de Smedt et al 1997). They also demonstrated that
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lymph node cells from mice co-injected with IL-12 and antigen-pulsed dendritic cells

(treated or not with IL-10) induced development of a polarised Th1 population.

The role of IL-10 in inducing a long-term antigen specific anergic state in
CD4+ cells has attracted considerable interest (Groux et al 1996). Human CD4+ T
cells activated by allogeneic monocytes in a primary MLR in the presence of IL-10 fail
to proliferate after restimulation with the same alloantigens. Furthermore these anergic
T cells fail to produce IL-2, IL-5, IL-10, IFNy, TNFo and GM-CSF. This anergic state
is long lasting and not reversible after restimulation of the cells with anti-CD3 and anti-
CD28 monoclonal antibodies. Since high levels of IL-10 production in vivo are
associated with tolerance in severe combined immunodeficiency (SCID) patients
transplanted with HLA mismatched haematopoietic stem cells (Bachetta et al 1994) it
is suggested that IL-10 might have an important role in transplantation tolerance by

inducing anergy to donor and/or host specific alloantigens.

Interleukin-4

IL-4 (originally called B cell stimulating factor-1) is produced principally but
not exclusively by the Th2 subset of CD4+ T lymphocytes. It stimulates growth and
membrane receptor expression on B cells elicited by other agents (Howard et al 1982,
Rabin et al 1986). The effects however on human B cells are less striking than the
effects on mouse B cells (Defrance). IL-4 increases the expression of MHC Class I
molecules (Noelle er al 1984) and of the low affinity IgE receptor (FceRII) (CD23) on
B cells (Kikutani e al 1986) as well as increasing the number of IL-4 receptors found

on the surface of the cell (Ohara et al 1988).
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One important function is its action as an isotype switch factor in favour of IgE
and IgG1 in the mouse and IgE in humans (Paul ef al 1991). The effect of IL-4 in the
regulation of IgE production is significant in vivo as well as in vitro because
neutralisation of IL-4 by treatment with monoclonal anti-IL-4 antibodies (Finkelman et
al 1990) or monoclonal antibodies to the IL-4 receptor (Finkelman et al 1986) will
block the IgE response to helminth infection or to in vivo polyclonal B cell activation

achieved through the injection of anti IgD.

IL-4 acts on non lymphoid cells in a variety of ways. It can inhibit the growth of
macrophages (McInnes & Rennick 1988; Jansen et al/ 1989) and increase their
cytotoxic activity for certain tumour cells. It fails (by itself) to induce the capacity of
macrophages to destroy the amastigotes of Leishmania major and reportedly synergises
with IFNy in this respect (Belosevic et al 1988). Other studies have revealed that IL-4
is able to induce Class II MHC expression on macrophages (te Velde et al 1988).
However, in dynamic systems, particularly where T cells are also present, IL-4 may
have precisely opposite net effects since it also down-regulates IL-1, TNFa, IL-6 and
IFNy production (Lee et al 1995). Similarly, the response of blood monocytes to IL-4
may not be representative of that shown by their differentiated or activated counterparts
(Hart et al 1993, 1995). Hart demonstrated that IL-4 significantly suppressed
lipopolysaccharide (LPS) induced TNFa production by freshly isolated peripheral
blood monocytes, but not by cells in culture for 7 days nor synovial fluid derived

macrophages.
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The capacity of [L-4 to inhibit human macrophage colony formation (Jansen et
al 1989) has been exploited experimentally in combination with GM-CSF in the
generation of dendritic cell colonies from peripheral blood (Romani et al 1996). The
addition of exogenous IL-4 suppresses the monocyte differentiation potential of

dendritic cell precursors.

IL-4 is also produced by activated human mast cells and basophils (Bradding et
al 1992; Brunner et al 1993). Human IgE synthesis in B cells has been induced in
‘vitro’ by mast cells and basophils (Gauchat et al 1993). Furthermore mast cells have
been demonstrated as a source of IL-4, IL-5, and IL-6 in allergic mucosal inflammation
(Bradding et al 1994). IL-4 also has activity as a co-stimulant of mast cell growth by

enhancing the effect of IL-3 (Schrader 1986).

Thus, IFNy has powerful agonistic effects on macrophage activation, NK cell
cytotoxicity and lymphokine production. In many systems IFNy appears to counteract
the effects of IL-4. Class II MHC expression is markedly upregulated on many cells by
IFNy, but the IL-4 mediated upregulation of class II on B cells is actually inhibited.
Together, these observations represent cogent evidence to support the hypothesis that
the overall function of the macrophage pool may be regulated by signals coming from

the T lymphocyte populations.

Macrophage Cytokines

The fact that macrophages themselves produce cytokines such as TNFa, IL-1,

IL-6, IL-8, IL-10, IL-12, TGFB, GM-CSF and indeed IFNs all of which are known to
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influence T cell subset proportions and function would indicate that mutual regulation

may be exerted between T cells and macrophages.

Transforming Growth Factor-3

TGFp is a family of polypeptide growth factors with a central role in cell
growth and differentiation (Sporn ef al 1987). It is produced by most mammalian cells
particularly macrophages and lymphocytes. Virtually all cell types express high affinity
receptors for TGFp. It is unique among cytokines in that it is secreted by cells as an
inactive complex and extracellularly is hydrolysed to its mature active form.
Macrophages utilise at least two distinct cell surface receptors and plasmin for this

conversion (Harpel et al 1992).

TGFp has a complex and even contradictory role within the immune system
with well documented inhibitory effects on the proliferation and differentiation of
immune cells (Wahl 1994). Although cytotoxicity and antibody production (except
IgA) are inhibited, TGF also has stimulatory effects on the immune system. In mice
TGFp selectively activates CD8+ cells to proliferate and augments the maturation of T

cells from naive to activated or memory cells.

TGFp inhibits the broduction of T lymphocytes including T cell lines induced
by lectin mitogens, by antigens in the presence of antigen presenting cells, or by IL-2.
The regulatory effect of TGFP on T cell cytokine production is controversial. Some
report that it facilitates the conditioning of CD4+ T cells to produce IL-2 and IFNy

(Mosmann & Sad 1996). Others report the opposite effect promoting humoral
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immunity with an upregulation of IL-4, IL-5, and IL-10 production. Conversely studies
have reported that TGFp inhibits the synthesis of Th2 lymphokines (IL-4 and IL-5) but
not that of Thi lymphokines (IFNy and IL-2j by activatea human T cells suggesting a
modulatory effec‘:t on the Th1/Th2 balance (Fargeas et al 1992). However, it has also
been suggested that TGFP also inhibits the production of IFNy but not IL-2. In either
case TGFP may play a central role in cellular homeostasis via feedback inhibition of T

cell.

In response to injury or infection TGFp recruits and activates leucocytes by
increasing adhesion molecule expression, generating a chemotactic gradient and
inducing both itself and other cytokines (Wahl et al 1987, 1993; McCartney-Francis et
al 1990). TGFP then downregulates these by inhibiting the functions of activated
inflammatory cells (McCartney-Francis & Wahl 1994; Tsunawaki et a/ 1988). This
apparent contradiction is in part accounted for by the differential effect of TGFB on
cells of the immune system. It has been suggested that alteration of the balance of

TGF may have pathologic consequences (Wahl 1994).

Tumour Necrosis Factor-o

TNFa, however is a proinflammatory cytokine produced by many cell types
including macrophages and primed T cells. It is expressed as a 26kD membrane
associated molecule which is processed to give an active 17kD form (Kriegler et al
1988) mediating a variety of inflammatory and cellular immune responses (Beutler et
al 1992). TNFa production is stimulated by lipopolysaccharide, IL-1, IL-2 and TNFa

itself (Beutler & Cerami 1989). Physiological antagonists of TNFa synthesis include

39



glucocorticoids (Beutler et al 1992), TGFp (Flynn & Pallidino 1992), IL-4 (Hart et al

1989), and especially IL-10 (Fiorentino et al 1991a).

TNFa induces profoundly aggressive macrophage activation in bacteremia.
Together with bacterial components TNFa causes natural killer (NK) cells to release
IFNy which further augments the microbicidal activity of macrophages. Although it
may act as an autocrine growth factor for T cells in some situations, TNFa can inhibit
haematopoiesis. Macrophage derived TNFa plays an important role in the induction

and maintenance of granuloma formation.

Summary of The Effect of Cytokines on Macrophages and T Cells

Cytokines have a central role within the bi-directional signalling system
between macrophages and T cells. Several cytokines can reinforce the production or
the action (or both) of IFNy. IL-12 and IL-2 stimulate IFNy production by, respectively,
NK cells and T cells. The monokines TNF and IL-1 reinforce the actions of IFNy, in
particular those exerted on mononuclear phagocytes and endothelial cells, but also
those exerted on thymocytes and lymphocytes (Billiau 1996). Both the production and
action of IFNy are kept in check by several other cytokines, which have their origin in
lymphocytes (IL-4, IL-10) as well as in fibroblasts and mononuclear phagocytes (IFN-

o/B and TGFP1).

The cytokines IFNy, IL-10 and more recently IL-12 play important effector and
cross regulatory roles in inflammation. The inhibitory effect of IL-10 and the

stimulatory effect of IFNy upon macrophages respectively decreases or increases the
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production of IL-10. IL-12 produced by macrophages and antigen presenting cells
induces IFNy production by lymphocytes, thus creating a positive feedback.
Conversely, IL-12 induces IL-10 production contributing to its own downregulation by

negative feedback.

However, it is perhaps an oversimplification (and even inaccurate) to divide the
effect of cytokines according to the strict Th1 and Th2 paradigm. Both IL-4 and IL-10,
cytokines predominantly secreted by Th2 cells may inhibit macrophage function.
However IL-4 increases MHC Class I and II expression on macrophages whereas IL-10
reduces both. Thus IL-4 may contribute to antigen presentation and consequent B cell
response whereas IL-10 inhibits mitogen induced T cell proliferation through its

selective inhibition of costimulatory function (Ding & Shevach 1992).

Pharmacological Manipulation of Macrophages

Most immunosuppressive agents attempt to overcome immune dysregulation
via a narrow mechanism of action within the cellular immune response. Fewer agents
have a direct effect upon macrophage phenotype and function apart from
corticosteroids. Steroids are known to be both anti-inflammatory and
immunosuppressive (Cupps & Fauci 1982; Munck et al 1984, 1994; Rugstad et al
1988; Chrousos 1995), facts borne out by their efficacy in cases of chronic
inflammatory disease associated with immune hypersensitivity reactions such as
rheumatoid arthritis (Masi 1983) and sarcoidosis (Turner-Warwick 1988) and in the
suppression of graft rejection after organ transplantation (Gore & Oldham 1986). In
sarcoidosis, the use of bronchoalveolar lavage to obtain samples of immunocompetent

cells from the lungs of these patients and the availability of monoclonal antibodies to
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dissect the cell types present in the lung has allowed assessment of clinical changes
following steroids to be compared to the effects of this therapy at the cellular level

(Spiteri et al 1989).

It is well known that corticosteroids can affect the release of cytokines
(Batuman et al 1995; Schmidt et al 1994; Stosin-Grujicic & Simic 1982; Guyre et al
1988) and may thus indirectly affect macrophage function. Furthermore,
glucocorticoids downregulate dendritic cell function in vitro and in vivo with a
decrease in cell viability as well as reduced expression of costimulatory molecules
(Moser et al 1995). It has been suggested that corticosteroid induced inhibition of
expression of the cytokines required for dendritic cell migration into the lung or for DC
maturation and survival within the lung, may explain the reduced numbers of DC seen
in the lung mucosa following corticosteroid treatment of asthmatics (Moller et al
1996). However, contact with corticosteroids can have a selective modifying effect on
the phenotype of alveolar macrophages, as culture with budesonide has been shown to
reduce RFD1 and HLA-DR expression, increase RFD7, with no effect on CD68 or
Fc(IgG) receptors (Marianayagam & Poulter 1991). Glucocorticoids can also inhibit
the synthesis (and release) of IL-1 in macrophages (Stosin-Grujicic & Simic 1982).
Lipocortin I, a potent inhibitor of phospholipase A2 may be induced in alveolar
macrophages by corticosteroids. Chronic inhaled corticosteroid therapy alters the
balance of pro- and anti-inflammatory cytokine expression and release from alveolar
macrophages in asthma by increasing the production of IL-10, while reducing the

production of MIP-1a, GM-CSF and IFN-y (John et al 1998).
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Corticosteroids also have a significant effect on immature monocytes. The
acute or chronic administration of glucocorticoids alters monocyte kinetics in both
humans and mice (Boggs et al 1964; Thompson & van Furth 1970). Profound
monocytopaenia develops in both species and its duration and extent depend on the
quantity, solubility and route of steroid administration. The cellularity of induced
inflammatory exudates is decreased by steroids. In vitro experimental work have
shown that dexamethasone inhibits TNF, IL-1 and IL-6 release by human monocytes
in culture via a dual inhibition of gene transcription and mRNA translation (Beutler
et al 1986; Lew et al 1988; Knudsen et al 1987). Corticosteroids have been shown to
directly inhibit IL-10 release from monocytes (Borish et al 1996) in vitro. However it
has also been suggested that the suppression of pro inflammatory IFN-y and GM-
CSF production by monocytes may in turn result in a secondary rise in IL-10 (John et

al 1998).

Clinical Significance of Macrophages.

The crucial role of macrophages and dendritic cells in disease has been of
major interest in recent years. Mononuclear cell infiltration is a characteristic feature
of colonic affected by inflammatory bowel diseases (Seldenrijk er al 1989). In
Crohns disease, there is an increased density of mucosal macrophages and granuloma
formation is commonly observed. A heterogeneous population of macrophage like
cells exists within these infiltrates in both Crohns colitis and ulcerative colitis and
this heterogeneity is more marked than in uninflammed colonic mucosa (Selby et al
1983; Wilders et al 1984; Mahida et al 1989). It has even been suggested that the

almost complete replacement of the normal colonic mucosal macrophage population
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by tissue macrophages and epithelioid cells may be important in promoting the

development of a chronic inflammatory state (Allison & Poulter 1991).

DC and macrophages have been implicated in the development of
autoimmune disease. In type I insulin dependent diabetes mellitus macrophages have
been identified as the primary islet infiltrating immune cells and their initial
immigration is an essential prerequisite for the subsequent lymphocytic insulitis
(Hanenberg et al 1989). Stimulated inflammatory macrophages produce factors that
cause selective myelin sheath destruction in multiple sclerosis (Briick ef al 1995).
Furthermore, there are fundamental differences in the macrophage response within
MS lesions depending on the stage of the disease. Thus Briick ef al has proposed that
different macrophage subpopulations may be involved in the plaque pathogenesis at

different stages and in different courses of the disease (Brtick et al 1996).

In rheumatoid arthritis, chronic joint inflammation is associated with
infiltration of the subsynovial tissue with macrophages and lymphocytes. Synovial
lining macrophages are important in the onset and chronic stages of arthritis. This
has been elegantly demonstrated in an experimental model of arthritis in which the
selective depletion of macrophages by the local application of toxic clodronate-
containing liposomes makes the joint more refractory to subsequent arthritis
induction (van den Berg & van Lent 1996). Likewise, other studies have shown that
dendritic cells, the major antigen presenting cells in the rheumatoid synovium are
derived from the transendothelial migration of undifferentiated cells which have
undergone full functional upregulation required for the efficient presentation of

arthritogenic antigen to autoreactive T cells (Thomas & Quinn 1996).
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The central role of the macrophage is increasingly recognised in acquired
immune deficiency syndrome (AIDS). Monocytes/macrophages from such diverse
areas as the CNS, lungs, peripheral blood, cord blood, and liver are susceptible to
infection by human immunodeficiency virus -1 (HIV-1) and may serve as reservoirs
for transmitting the virus throughout the body (Meltzer & Gendelman 1992). Indeed,
cells of the monocyte/macrophage series are susceptible to infection with HIV at all
stages of differentiation and such infection leads to virus production and release by
infected cells (Valentin Von Gegerfelt ef al 1991). While the effector function per se
of macrophages remains intact following HIV infection (Nottet 1993; Le Naour et al
1992) there are aberrations to this function which permit the establishment of

opportunistic infections (Gilbody et al 1997; Re et al 1993).

Both macrophages and dendritic cells play a significant role in the
pathogenesis of pulmonary disease. The alveolar macrophage population is
heterogeneous and consists of subsets of cells expressing differing phenotypes and
function. Separate subsets have been identified in terms of morphology (Nakstadt et
al 1989; cell density (Zwilling er al 1982) and surface antigen phenotype
(Baumgartner et al 1988). Investigation of cell populations by colloidal silicone
gradients from animal bronchoalveolar lavage and lung tissue digests have revealed
that these macrophage subsets can display a functional heterogeneity in terms of
immunologic function (Shellito & Kaltreider 1984; Holt, et al 1988) as well as
motile capacity (Brannen et al 1988). Using the same separation methods, a similar
heterogeneity has been observed in human alveolar macrophages (Sandron et al

1986a, 1986b). While the majority of density fractionated macrophage like cells
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function as stimulators of mixed lymphocyte reaction (MLR), some fractions have an
inhibitory effect (Sandron et al 1986b). This observation is in keeping with results of
similar investigations into the T cell inducing capacity of alveolar macrophages in
rats (Holt et al 1988). These studies therefore strongly suggest that within the
alveolar macrophage pool exist subsets of cells that regulate the induction and
strength of local T cell mediated immune responses. Within the lung this delicate
balance between the immunostimulatory functions of dendritic cells and the
suppressive activity of alveolar macrophages is altered in asthma (Poulter et al
1990), sarcoidosis (Sandron et al 1986b, Spiteri ef al 1988) and cryptogenic fibrosing
alveolitis, where it correlates with disease progression (Campbell er al 1986; Noble
et al 1989). There is also a significant distortion of alveolar macrophage populations

in immunocompromised patients with pneumonitis (Bray ef al 1992).

The Pathogenesis of Bronchial Asthma.

Virtually all patients with asthma exhibit chronic inflammation of the
bronchial wall (Kay et al 1991; Poulter et al 1990) during both active and quiescent
phases of the disease. This inflammation is characterised by infiltrates of T
Iymphocytes, many of which express the CD45RO+ phenotype, of accessory cells
with the features of dendritic antigen presenting cells, and both mast cells and
eosinophils (Broide et al 1991; Bousquet et al 1990; Woolley et al 1994).
Furthermore, this reaction is associated with an increased expression of major
histocompatability complex (MHC) HLA-DR in the bronchial lamina propria and

epithelium (Poulter et al 1990).
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The airway inflammation of asthma is unique in that the T lymphocytes
predominantly bear the T helper 2 (Th2) phenotype (Robinson et al 1992). The Th2
cells produce a limited panel of cytokines including IL-3, IL-4, IL-5, IL-10, IL-13
and GM-CSF. The net effect of antigen presentation in this microenvironment is to
promote the synthesis of IgE through the actions of IL-4 on Ig isotype switching
(Geha 1992) and to enhance the differentiation, migration and pathobiologic capacity
of eosinophils through the actions of GM-CSF, IL-3 and IL-5 (Sanderson 1992;
Leung et al 1995). In addition, IL-4 has been demonstrated to be central to the
commitment of naive CD4+ T cells to the Th2 phenotype in vitro ( Swain et al
1990), a function supported in vivo by the effect of anti-IL-4 antibody in inhibiting
the development of Th2 cells (Gross et al 1993). The role of IL-10 has not yet been
determined in asthma (Krug and Frew 1997). In vitro data suggest that IL-10 has a
general immunosuppressive effect on T cells, either through an indirect
downregulatory effect on antigen presenting cells (Del Prete et al 1993) or directly

through reduction of T cell IL-2 production (de Waal Malefyt et al 1993).

Several studies support the concept that atopic asthma results from a Th2
dominated response to single or multiple environmental allergens (reviewed by
Romagnani 1997): (1) allergens preferentially expand T cells with a Th2 like profile
in atopic individuals; (2) Th2 cells accumulate in the target organs of allergic
patients; (3) allergen challenge results in the local activation and recruitment of
allergen specific Th2-like cells; (4) immunotherapy is associated with changes from
a predominant Th2 to a Thl profile of allergen reactive Th cells; (5) specific antigen

stimulation in vitro significantly increases CD30 expression on CD4+ cells in atopic
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asthma with a concomitant increase in IL4 and decrease in IFNy production (Leonard

et al 1997a, 1997b).

Controversies Within T cell Dominated Inflammation in Asthma.

The concept of Thl and Th2 cells with their restricted cytokine pattern is
based on polarised panels of cytokines produced by mouse T cell clones in vitro.
This restricted pattern has also been found in some human T cell clones ir vitro (Del
Prete et al 1993; Maggi et al 1992) although several authors question whether pure T
cell clones exists in a ‘real’ clinical situation such as asthma. Instead they propose
the more likely situation that intermediate phenotypes exist between these extremes
(Krug & Frew 1997). Many investigators classify immune responses as Thl or Th2-
mediated, based on single cytokine analysis; yet methodically it is difficult to identify
pure Th2 cells since it requires techniques which simultaneously identify IL-4, IL-5,
IFNy and IL-2. Jung et al (1995) demonstrated that IL-4 and IL-5 are only rarely
coexpressed by CD4 or CD8 cells. In addition, at the single cell level IL-4 and IL-5
coexpression in Th2 and ThO cell clones appears to be coincidental as it was within
the range statistically expected from the single frequencies of cytokine expression.
The expansion of a T cell population producing IL-4 and IL-5 in preference to IFNy
does not mean preferentially increasing the frequency of cells with the classical Th2
cytokine profile (Kelso 1995). Krug and Frew thus suggest that the increased
application of single cell assays weakens the concept of the dominance of Th2 over

Th1 cells in asthma.
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The conflicting role of the Thl cytokine IFNy provides some evidence to
enable questioning of the Th1/Th2 imbalance in asthma. Given its known ability to
inhibit IgE synthesis and Th2 cell development in vitro IFNy production in T cells
would be expected to be diminished in a Th2 driven response such as asthma.
Although there is much evidence in support of this hypothesis (Ying et al 1995;
Leonard et al 1997b) some authors suggest that the role of IFNy may be more
complex. IFNy is elevated in serum in acute severe asthma (Corrigan & Kay 1990),
in supernatants of resting and stimulated bronchoalveolar lavage (BAL) cells
(Cembrzynska-Nowak et al 1993), and in BAL of atopic patients after antigen
challenge (Calhoun ef al 1992). Furthermore IFNy induces expression of HLA-DR
and intracellular adhesion molecule-1 (ICAM-1) on eosinophils and increases also
their cytotoxicity in vitro (Valerius et al 1990). Finally, the use of nebulised IFNy in

treating asthma in a clinical trial has not been beneficial (Boguniewicz et al 1995).

The Role of The Macrophage in Asthma.

It has been suggested that asthma may be regarded as a fundamental failure to
control bronchial T cell mediated immune mechanisms in the physiologically
hyperresponsive individual (Poulter et al 1994). One such negative-regulatory
mechanism for controlling T cell inflammation involves a population of RFD1+
RFD7+ immunosuppressive macrophages. In asthma there is evidence that
immunosuppressive macrophages are intimately involved in dysregulation of
bronchial T-cell reactivity (Holt et al 1991). Studies have revealed that bronchial
biopsies from patients with asthma contain a significantly reduced proportion of

these macrophages compared with normal lung tissue (Hutter & Poulter 1991). These
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results also explain the results of Aubas et al (1994) who revealed that BAL cells
from patients with asthma were less able to suppress T-cell responses compared with
normal BAL cells As these suﬁpréssi\)e" macrophages have been shown to be
responsible for controlling IgE responses (Thepen et al 1994; Holt 1993) Poulter et
al (1994) have suggested that the relationship between this mechanism and the
development of symptomatic asthma appears to be strong. Furthermore it has been
observed that normal subjects with bronchial hyperresponsiveness who exhibited
reduced T-cell and dendritic cell numbers in the bronchial wall all have a significant

increase in the relative proportion of suppressive macrophages (Power et al 1994).

This has lead to the generation of a hypothesis by Poulter et al (1994)
proposed in Immunology Today. They suggested that “if chronic T-cell mediated
inflammation develops in the bronchial mucosa of a physiologically hyperresponsive
individual then ‘normality’ is sustained by macrophage-mediated downregulation of
this immune response. Failure of this regulation leads to a situation where
immunological and physiological hyperreactivity are coincidental and symptoms of

asthma emerge.”

From Monocytes to Macrophages

Monocytes cultured in cytokine-defined environments differ from freshly
isolated monocytes in their responses to IL-4 and IL-10. Similarly synovial fluid
macrophages harvested from the joints of patients with rheumatoid and psoriatic
arthritis differ from blood monocytes in their responses to IL-4 and IL-10 (Hart et al
1993, 1995). The same investigators demonstrated that 7 day cultured monocytes

provide a good working model for the study of responses by synovial fluid
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macrophages to exogenous cytokines (Hart et al 1995). Thus appropriate in vitro
systems may be designed in which monocytes differentiate and associated

biochemical pathways may be reproducibly investigated.

Investigators have suggested that the diverse functions of monocytes and
macrophages may be related in part to their heterogeneity which can be demonstrated
among monocytic cells from different tissues/organs (Johnston 1988), or even within
the same source such as peritoneal macrophages (Becker et al 1983), alveolar
macrophages (Poulter 1997; Spiteri et al 1992; Zwilling et al 1992) and blood
monocytes (Ziegler-Heitbrock 1996; Wang et al 1992). This heterogeneity exists in
both morphology and function. However, despite this, few investigators have
examined the relationship between the function of the total macrophage pool and the

balance within its functionally distinct subpopulations.

T cell / Macrophage Interaction.

The intimacy of the interaction between the T cell and the macrophage or
dendritic cell is central to the regulation of antigen specific immune responses. While
this interaction has traditionally been viewed as a one way interaction, recent data
suggests that T cells may play an important role in activating DC’s thus further

enhancing the T cell stimulatory capacity of the DC (Cella & Sallusto 1997).

The activation of macrophages plays a central role not only in cell mediated
responses to microbial infections but also in hypersensitivity reactions and in diverse
non-infectious disorders (Gordon 1995). The most potent and most often used

inducer of macrophage function is the endotoxin, lipopolysaccharide (LPS) of gram
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negative bacteria. Although use of LPS as a stimulus in vitro most likely mimics the
response of tissues under conditions of acute sepsis, it may not reflect the mechanism
of macrophage activation in other inflammatory conditions (Stout & Suttles 1993).
Thus further in vitro studies are necessary to investigate the mechanism of cognate

interactions between T cells and macrophages.

Reviews of cytokine mediation of T cell/macrophage interaction do not
necessarily take into account the possibility of differential effects on specific
macrophage subpopulations (Doherty 1995). In fact, this question has been addressed
with the conclusion that Thl and Th2 cytokines may act on different macrophage
populations (Molina & Huber 1991). However it is not clear how the overall
functional capacity of a mature macrophage pool is regulated by T cell mediated

control of the balance within functionally distinct macrophage subpopulations.

AIMS OF THESIS

In current clinical practice corticosteroids (usually administered in inhaled
form) are the most effective anti-inflammatory drugs in the management of asthma,
reducing the number of infiltrating T cells, eosinophils, macrophages and mast cells
in the bronchial wall (Burke ef al 1992; Faul et al 1998). Their effects have been
demonstrated at different levels, particularly on the production of pro-inflammatory
mediators and cytokines by several cell types, including T cells, macrophages,
eosinophils and mast cells in the airway submucosa (Robinson et al 1993; Wang et

al 1994).
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Fewer investigators have studied capacity of corticosteroids to increase
production of anti-inflammatory cytokines.' Recently, Johp et al (1998) demonstrated
that IL-10 mRNA and protein expfeSsion' in alveolar macrophages but not blood
monocytes stimulated with lipopolysaccharide were increased after corticosteroid
therapy. However, none have investigated the capacity of cytokines to replicate the
effect of steroids on differentiating monocytes in long-term cultures. Furthermore,
although the effect of inhibitory cytokines and steroids on the function of the overall
macrophage pool has been comprehensively studied (Fiorentino ef al 1991a, 1991b;
Moser et al 1995), less is known about their effect on the balance within functionally

distinct macrophage subpopulations.

There is a need for the development of new strategies aimed at treating T cell
mediated allergic disorders, particularly those small subset of asthmatics who are
resistant to corticosteroids. Thus the extrapolation of the inflammation within the
bronchial wall to an in vitro situation provides a mechanism for the investigation of
potential cytokine immunotherapy. This thesis investigates the influence of cytokines
and corticosteroids on the balance within macrophage subpopulations and on the
resulting effect on the function of the total macrophage pool. The aims of the thesis

are as follows:

1. Investigate the effect of cytokines on the phenotype and function of differentiating
monocytes and the balance within the emerging D1+, D7+ and D1/D7+
macrophage subpopulations in a controlled ir vitro environment.

2. Compare monocyte differentiation in normal and asthmatic individuals.
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3. Determine the effect of IL-10 in correcting the imbalance within functionally
distinct macrophage subpopulations in asthma.

- 4. Investigate the direct effect of fluticasone propionate ‘in regulating the balance -
within macrophage subpopulations in vitro.

5. Correlate the altered balance between macrophage subsets induced by cytokines

and/or fluticasone with the function of the total macrophage pool.
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CHAPTER 2 - THE INFLUENCE OF T CELL CYTOKINES ON

MONOCYTE DIFFERENTIATION AND THE BALANCE OF
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SUMMARY

As monocytes differentiate into mature macrophages, subsets emerge that
exhibit stimulatory, suppressive or phagocytic potential. These functionally distinct
subsets can be discriminated using monoclonal antibodies RFD1 and RFD7. As
examples of all these subsets have been repeatedly identified within the macrophage
pool in a variety of organs the overall functional capacity of this pool will depend on
the relative balance of these sub-populations. This study investigates whether this
balance present in mature macrophage populations can be regulated by the local
influence of T cell derived cytokines. The dose dependent effect of cytokines IFNy,
IL2, IL4 and IL10 on the phenotype and function of monocyte derived macrophages
was determined. Subsets of mature cells were quantified by identifying RFD1+RFD7-
stimulatory cells (D1+); RFDI-RFD7+ phagocytes (D7+) and RFDI1+RFD7+
suppressive cells (D1/D7+). IFNy and IL4 increased the relative proportions of D1+
stimulatory cells and upregulated HLA DR expression. IFNy also increased the
capacity of the mature macrophage pool to stimulate T cell proliferation. IL10 reduced
the proportions of D1+ stimulatory cells while promoting the differentiation of D7+
phagocytes and D1/D7+ suppressive cells. IL10 induced changes also reduced the
functional capacity of the mature populations to stimulate T cells in autologous and
allogeneic MLR. IL2 had no effect on differentiation of monocytes. Thus IL4 and IFNy
are seen to induce the development of stimulatory macrophages while IL10 promotes
differentiation of monocytes to mature phagocytes and suppressive macrophages. It is
concluded that mature macrophage phenotype is 'plastic’' and under the control of T cell

derived mediators. Furthermore, within the differentiating monocytes, phenotypic
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change appears to carry with it functional change, thus retaining the relationship

between antigen expression and activity in the mature macrophage populations.

57



INTRODUCTION

Heterogeneity among normal macrophages is striking. As well as their
recognised role as tissue phagocytes there are subsets of macrophages that induce T
cell responses (antigen presenting cells) and subsets with the capacity to suppress T cell
responses (Toews et al 1984; Thepen et al 1994). These populations may be
phenotypically discriminated using the monoclonal antibodies RFD1 and RFD7

(Spiteri & Poulter 1991).

The monoclonal antibody RFD7 recognises a predominantly cytoplasmic
antigen that is present in mature tissue phagocytes but absent on inductive antigen
presenting cells such as veiled cells, Langerhans cells and interdigitating cells (Poulter
et al 1986). RFD1 is a monoclonal antibody that sees an epitope within the MHC Class
I complex with restricted expression to cells known to be stimulators of T cells
(Poulter et al 1986). These monoclonal antibodies have been used in this laboratory
and by many other independent workers (Lenz et al 1993; Seldrenrijk et al 1989;
Teunissen et al 1990; Zheng et al 1995) to discriminate sub-populations of
macrophages within the overall mononuclear phagocyte pool. Such studies revealed
that one set of cells morphologically identifiable as macrophages expressed both
antigens seen by these two monoclonal antibodies (Spiteri et al 1992). These cells have
been demonstrated in vitro to exhibit a suppressive function in relation to T cell
stimulation (Spiteri & Poulter 1991; Spiteri ef al 1992; Poulter & Burke 1996). Within
normal tissues a balance of these three sub-populations can be identified (Hutter &
Poulter 1992) and gross changes to this balance have been observed in a variety of

clinical conditions (Poulter 1991; Poulter er al 1994; Spiteri et al 1992; Lim et al
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1993). With the existence of these functionally distinct populations it is clear that the
overall capacity of the macrophage pool within any environment will be dependent on
the balance of these three different types of cell. Thus regulation of this balance may be
a crucial mechanism in sustaining homeostasis; and dysregulation may promote

immunopathologic dysfunction.

Many studies have revealed that cytokines released by T cells have a profound
effect on macrophage function. On the one hand, cytokines such as interferon gamma
(IFNy) have been repeatedly shown to induce macrophage activation in terms of
increased microbicidal capacity (Campbell 1994), and increased antigen presenting
capacity (Young & Hardy 1995), while others such as IL-10 have been shown to inhibit
pro-inflammatory cytokine production by macrophages (De Waal Malefyt et al 1991;
Fiorentino et al 1991a) and reduce their antigen presenting capacity by inhibiting co-
stimulatory molecules (Flores Villanueva et al 1994; Ding et al 1993). Other studies
have revealed that IL-4, another T cell derived cytokine, is able to induce Class I MHC
expression on macrophages, but inhibits the production of other cytokines (Ruppert et
al 1994; Lee et al 1995). Together, these observations represent cogent evidence to
support the hypothesis that the overall function of the macrophage pool may be

regulated by signals coming from the T lymphocyte populations.

In inflammatory situations the macrophages present within tissue infiltrates are
recruited as monocytes from the peripheral blood and mature to adult populations in
situ. Aberrations in the balance of these functionally distinct macrophage subsets that is
demonstrated as occurring in a variety of pathologic conditions (Poulter & Burke 1996;

Hutter & Poulter 1992; Poulter 1991; Allison & Poulter 1991; Spiteri et al 1992) may
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be the result of phenotypic and functional changes to the mature populations, or the
influence of locally produced T cell cytokines on the differentiation of the recruited
| mondcytes. This study investigates the effect of T cell derived cytokines on the
differentiation of peripheral blood monocytes in a controlled i vitro environment. It is
revealed that different cytokines have profound yet distinct effects on the eventual
balance of mature functionally distinct populations derived from a single monocyte
pool. It is suggested that this regulation of monocyte differentiation may have a
significant effect on those immunopathological situations where chronic inflammation

is associated with dysregulation of T cell macrophage interaction.
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MATERIALS AND METHODS

Monocyte Harvest

30 mls of venous blood was drawn from healthy human adults in lithium
heparin tubes. Mononuclear cells were separated by Ficoll-Hypaque density gradient
centrifugation (Nycomed Pharma As, Oslo, Norway) at 650 x g for 15 minutes (Akbar
et al 1988). Mononuclear cells were washed with phosphate buffered saline (PBS)
three times and suspended at a density of 1 x 10° cells/ml in RPMI 1640 culture
medium (Sigma-Aldrich Co. Ltd., Dorset, England) supplemented with 10% heat
inactivated Foetal Bovine Serum (Flow Laboratories Ltd., Rickmansworth, UK),
1.25% penicillin/streptomycin and 1.25% 200mM glutamine. Cells were counted in a
modified Neubauer haemocytometer. 2ml aliquots were then transferred to each well of
24 well culture plates (Costar, Cambridge, MA, USA) The cultures were incubated at
37°C in 5%CO; to separate monocytes by adherence. After 2 hours the non-adherent
cells were removed by aspiration and each well was washed 3 times in PBS preheated
to 37°C. 2mls of fresh supplemented RPMI medium was then added to each well. For
each culture experiment triplicate wells were harvested at this time (Time 0). The

method of harvest is described below.
The cell populations at Time O contained consistently greater than 90%

monocytes as determined by morphology. Viability was assessed by cellular exclusion

of trypan blue.
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Cell culture

Adherent monocytes were cultured in 24 well plates in supplemented RPMI
(see above) for 7 days either with no addition or with the ‘addition of cytokines. The
cytokines used were recombinant IFNy, I1-2, [L-4 or IL-10; (all obtained from R&D
systems, Abingdon, England). These cytokines were added at different concentrations
(5-20 ng/ml) and at different times during the 7 day culture period, (see results). All
were added in 20ul aliquots with control cultures receiving 20ul of sterile PBS. All
solutions added were warmed to 37°C before addition. Cultures were all harvested after
7 days. At time of harvest plates were placed at 4°C for 30 minutes and then vigorously
aspirated with fresh cold PBS. All cells from the wells were collected including any
cells no longer adhering to the plastic substrate. Cells were counted, viability was
reassessed and only cultures with a viability greater than 90% were used for analysis.
Experiments to determine dose response were performed twice. All other cultures were

performed on 9 separate occasions using samples from 9 volunteers.

Cytospin preparation

After harvest at day 7 the cells were washed with PBS and centrifuged at 650 x g for 5
minutes. The cell density was adjusted to 3-5 x 10° cells per ml and cytospins prepared
by spinning 50l aliquots at 80 x g for 2 minutes in a Shandon cytocentrifuge (Shandon
Southern Products Ltd, Runcorn, England). Cytospins were air dried for 1 hour and
fixed in a 1:1 mixture of chloroform acetone for 10 minutes. These were then wrapped

in cling film and stored at -20°C until analysed.

62



Immunocytological analysis

Table 2.1 List of Monoclonal Antibodies used in this Study

Antibody CD Major  specificity in Normal Source
Lymphoid Tissues

RFD1 (IgM) - Interdigitating dendritic cells and RFHSM
subpopulation of B cells

RFD7 (IgG1) - Mature tissue macrophages RFHSM

UCHM1 (IgG1) CD14  Monocytes UCL

EBM11 (IgG1) CD68  Monocytes and macrophages Dako Ltd.

RFDR1 (IgM) - HLA-DR RFHSM

RFT6 (NA134) CDla  Langerhans cells and thymocytes RFHSM

Immunoperoxidase

The cytospin preparations were stained with monoclonal antibodies (MoAbs) to
identify all macrophages (MoAb EBM11\CDé68, IgG1) (Dako, High Wycombe, UK)
(Kelly et al 1988), monocytes (MoAb UCHMI\CD14, IgG1) (University College
Hospital School of Medicine, London UK) and HLA DR (RFDR1, IgM Royal Free
Hospital School of Medicine, London, UK) (Janossy et al 1986a). The cytospins were
ringed with a water repellent, polysiloxane. A 1:100 dilution of normal rabbit serum
(NRS) in PBS was then applied to each section to block non-specific binding of the
primary layer antibody. Following a 10 minute incubation the NRS was drained off
each slide. The relevant primary mouse anti-human monoclonal antibody was then

applied in appropriate dilution in PBS and the slides incubated in a moist chamber at
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room temperature for 45 minutes. Slides were washed twice in PBS for 2 minutes. The
second layer rabbit anti-mouse antibody conjugated to horseradish peroxidase
(Dakopatts code P161) was then applied, diluted 1:100 in PBS and 1:25 in normal
human serum (NHS). The NHS blocks further non-specific binding. Slides were then
incubated for a further 45 minutes at room temperature, followed by 2 x 2 minute

washes in PBS.

Hydrogen peroxide and DAB (3,3 diaminobenzidine tetrahydrochloride;
Sigma, St. Louis, MO, USA) was used to develop the cell staining. One 10mg tablet of
DAB was dissolved in 16.6ml of 0.05SM TRIS HCI buffer, pH 7.6 (12ml 0.2M
trishydroxymethylamine, 19ml 0.1M hydrochloric acid and 19ml distilled water per
50ml of buffer). 160pl of 1% hydrogen peroxide was added just before use. The
substrate solution was applied to each cytospin for 5 minutes. The incubation was
terminated by washing in running tap water for 5 minutes. Preparations for CD14 and
CD68 were counterstained in Harris’ haematoxylin. Cytospins for HLA DR were not
counterstained as they were subsequently quantified using an optical density technique.
All cytospins were rinsed in distilled water and dehydrated by washing once (1 minute)
in 70% ethanol, twice (2 x 1 minute) in 90% ethanol, twice (2 x 1 minute) in absolute
alcohol and twice (2 x 1 minute) in citroclear. The slides were then mounted in DPX
(BDH Chemicals Ltd., Poole, Dorset, UK). DPX is a mounting medium produced by
the distrene (a polystyrene), plasticiser (dibutyl phythalate) and xylene. The proportion

of positive cells were counted using an Olympus microscope.

To determine the level of expression of HLA DR on the cultured cells the

indirect immunoperoxidase method was applied using MoAb RFDR1 (Royal Free
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Hospital School of Medicine) which identifies a framework epitope on the HLA DR
molecule (Janossy et al 1986a; Campbell ef al 1986). The level of HLA DR expression
was measured using a semi-quantitative technique whereby the relative optical density
of the peroxidase reaction product was recorded using a computerised image analyser

(Seescan Imaging Ltd, Cambridge, England).

All experiments were accompanied by negative cytospin controls in which PBS
was substituted for the primary antibody layer, to identify endogenous peroxidase. Non
specific binding was controlled at standardisation by comparison with staining with
isotype matched irrelevant MoAbs. Positive controls were performed concurrently on

sections of human palatine tonsil.

Immunofluorescence

The proportions of mature macrophage subsets within the harvested cell
populations were determined by double immunofluorescence methods in which
monoclonal antibodies RFD1 (mouse IgM) and RFD7 (mouse IgGl (Royal Free
Hospital School of Medicine, London, England) were used in combination (Janossy et
al 1986b). These reagents have been extensively used in this laboratory and by many
independent workers to discriminate phenotypically distinct macrophage subsets. (They
are commercially available from Serotec UK Ltd). By using 2 immunoglobulin class
specific second layer reagents conjugated respectively to fluorescein isothiocyanate
(FITC) and tetracthyl rhodamine isothiocyanate (TRITC) (Europath Ltd, Cornwall,
UK), the relative proportions of RFD1+ (hereafter referred to as D1+) stimulating cells,
RFD7+ (referred to as D7+) phagocytes, and double labelled RFD1+RFD7+ (referred

to as D1/D7+ suppressive cells could be determined (Hutter & Poulter1992).
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These monoclonal antibodies were diluted 1:5 in PBS. Aliquots of 50ul were
applied to the cytospin and incubated for 45 minutes in a moist chamber as above.
Following the incubation, the slides were washed twice for 2 minutes in PBS. The
second layer reagents were diluted 1:50 in PBS and aliquots of 50l were applied to the
cytospin which was incubated for a further 45 minutes. The second layer was removed
by washing twice (2 x 2 minutes) in PBS and the slides mounted in PBS glycerol (9:1

dilution).

Background staining or autofluorescence were identified by comparison of test
cytospins with control samples in which the primary layer reagent was omitted. Non-
specific staining by MoAbs was checked at standardisation by comparison with the
staining produced by isotype matched irrelevant monoclonal antibodies. Sections of

human tonsil were used as positive controls.
The proportions of D1+, D7+, and D1/D7+ fluorescent cells were quantified by

counting multiple high powered fields using a Zeiss fluorescence microscope with epi-

illumination and appropriate barrier filters for FITC and TRITC.
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For each subset the proportion of the cells was calculated by the formula:

(specific subset)

x 100

D1+H)+HD7+HHD1/D7+)

Cytokine ELISA

The production of tumour necrosis factor alpha (TNFa) and transforming
growth factor (TGFB) by differentiating monocytes were determined by cytokine
specific enzyme linked immunosorbent assay. The ELISA kits were obtained from
R&D systems (Abingdon, U.K.) and had sensitivities down to 15.6 pg/ml for both
TNFo and TGFp. The standard kit contains a 96 well plate, each well of which has

been coated with a monoclonal antibody specific for the cytokine in question.

A standard curve was generated for each cytokine ELISA. The kit contained the
cytokine itself in a recombinant form, usually presented as a dry powder, with an
appropriate diluent provided. The recombinant cytokine protein was reconstituted with
the diluent to give a known concentration of cytokine. A known volume of this solution
was mixed with an equivalent volume of the diluent to give a concentration of the
cytokine half that of the original “standard” solution. This process was then repeated a
further five times to give a series of doubling dilutions of known concentration of
cytokine. The calibrator diluent remaining was then used to provide a standard zero

concentration.
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All standards and samples were assayed in duplicate. Therefore the first 16
wells of each plate were used to measure a series of standard concentrations of cytokine
in order to generate a standard curve (see below). 50ul of assay diluent (buffered
protein base with preservative) was first added to each well. 200pl of each standard
solution were added to each set of duplicate wells. Supernatant of the conditioned
medium from the 7 day cultures was stored at -20°C. These were allowed to thaw at
room temperature and 200pl of each sample pipetted into each set of duplicate wells.
The plate was then covered with an adhesive strip and incubated at room temperature
for 2 hours (TNFa ELISA) or 3 hours (TGFP ELISA) to allow maximum binding of

cytokine to the plate.

At the end of the incubation, the fluid remaining in each well was aspirated and
unbound cytokine or other proteins removed by washing the plate three times with
wash buffer. Any remaining wash buffer was removed by inverting the plate and
blotting it against paper towelling. The cytokine in the standard wells and any cytokine
in the supernatant at this stage was bound to the immobilised antibody coating the
plate. The next step involved the addition of 200l of cytokine specific polyclonal
antibody conjugated to horseradish peroxidase. The plate was incubated either for 1
hour (TNFa ELISA) or 1.5 hours (TGFp ELISA) at room temperature. The aspiration

and washing procedure was repeated as before.

200ul of a substrate solution was added to each well and then incubated for

twenty minutes at room temperature. The substrate solution contained hydrogen
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peroxide (H,0,) the enzymatic cleavage of which results in oxidisation of stabilised
chromogen (tetramethylbenzidine) producing a blue colour. At the end of the twenty
minute period, S0l of 2 N sulphuric acid was added to each well to stop the enzyme
reaction with a resultant colour change to yellow. Within 30 minutes the optical density
of each well was determined at a wavelength of 450nm using a spectrophotometer
(Titer-Tek, ICN Pharmaceuticals, CA, USA). A standard curve was prepared by
plotting the optical density versus the concentration of cytokine in the standard wells.
The standard curve was linear if the experiment was performed satisfactorily. By
comparing the optical density of the samples to this standard curve, the cytokine
concentration in the unknown samples was determined. This was measured
automatically by the spectrophotometer. The mean of each duplicate sample was

determined.

Samples for TGFp were determined with and without transient acidification to
determine the respective levels of total (unbound and bound, i.e. active plus latent
binding protein associated cytokine) and active (unbound cytokine) present in the cell
culture supernatant. Acid dissociation was achieved by adding 0.2ml of 1N HCl to 1.0
ml of conditioned medium and incubating for 10 minutes. The acidified medium was
neutralised with 0.2ml 1.2 N NaOH / 0.5M HEPES free acid. The activated sample
was further diluted by 1:2 using calibrator diluent because of the addition of 10%

bovine serum to the culture media.

There was no specific background presence of TNFa detected in any of the

culture media. The background level of activated TGFp in serum containing culture
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media was subtracted from the total TGFP assayed in the cell culture supernatant to

determine the amount of TGFP produced by differentiating monocytes.

Mixed leucocyte reactions (MLR)

Measurement of DNA synthetic rate by the incorporation of [°H] thymidine has
become a standard method for the measurement of lymphocyte proliferation in MLR
(Dupont & Hansen 1976). In some experiments the peripheral blood monocytes
cultured for 7 days in medium alone or with IFNy or IL-10 added on day 5, were
harvested and treated with mitomycin C (Kyowa Ltd., London). Mitomycin-C was
used to stop cell division in stimulator cell populations and therefore to create one-way
MLR when stimulator and responder (with no mitomycin-C added) cell populations

were mixed (Spiteri et al 1992a).

Cells were incubated in the presence of mitomycin-C (50pg/ml) for 30 minutes
at 37°C in 5% humidified CO”. Cells were then washed three times in RPMI. Aliquots
of 2 x 10° cells were introduced in triplicate into 96 well microtitre plates and co-
cultured with autologous or allogeneic T cells added to each well at a final
concentration of 1 x 10 cells per well. The final volume of culture medium was
200ul/well.. This co-culture was incubated for 6 day; this time period was selected on
the basis of previous time course experiments in this laboratory (Lipman 1997). 18
hours before termination of cultures ImCi [’H] thymidine (Amersham Ltd., Little
Chalfont, Bucks. UK) was added to each well. Cells were harvested using an automatic
cell harvester (Titer-Tek Flow, Laborat Inc., McLean, VA, USA) and counted in a

liquid scintillation counter.
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The average counts per minute (of triplicate wells) expressed by the autologous
cultures (without treatment of monocytes) were reduced to unity and all other cultures
were expressed as a stimulation index calculated by the factor whereby this was greater
than or less than the untreated autologous MLR. This is summarised in the following

equation:

cpm(monocytes + responder PBMC) - cpm(responder PBMC)

SI

cpm(control monocytes + autologous PBMC) - cpm(responder PBMC)

Statistical analysis

In most figures the results are expressed as the mean + standard error (S.E.M.).
The effect of cytokine addition on macrophage phenotype (D1 and D7 expression) and
HLA DR expression was determined by ANOVA. The ability of macrophage
populations induced by IL-10 and IFNy to stimulate autologous and allogeneic MLR
was analysed using two-way ANOVA. The effect of IL-10 on TNFa and TGFp
production was analysed by Wilcoxon test. Correlation of macrophage phenotype with

TNFa production was determined using the Spearman coefficient.
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RESULTS

Monocytes exhibit phenotypic maturation in culture.

At harvest after 2 hours adherence (T0) over 90% of cells exhibit the
morphological characteristics of monocytes with a cell count of 1 x 10° cells/ml. The
majority expressed CD14 and CD68 antigens while only minimal numbers expressed
the antigens seen by MoAbs RFD1 or RFD7 (less than 3% in each case). No cells at
this time exhibited the double phenotype D1/D7+, (Fig. 2.1). The cell count remained
at 1 x 10° cells/ml during the culture period with viability of 90%. No significant cell
loss occurred over 7 days and no multiplication of cells was detected. After 7 days
culture however significant proportions of D1+, D7+, and D1/D7+ cells were recorded.
Approximately 80% of CD68+ macrophages expressed one or both of the D1 and D7
antigens. A concurrent decline in the proportion of CD14+ cells was observed (reduced

to 10% of total) but no change in CD68 expression was seen (Fig. 2.2).
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Time course for CD14/CD68
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Figure 2.2 Time course for CD14 and CD68.
The percentage of total monocytes expressing CD68 (4); and CD14 (O) by indirect
immunoperoxidase methods at time O and after 1, 3, 5, and 7 days culture. Results

represent mean + SEM of triplicate readings in 2 experiments.
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Contact with cytokine is most effective when added at day 5.

A pilot study was designed to determine the most effective time for cytokine
contact in vitro. IL-10 or IFNy each at a concentration of 20 ng/ml were added to
monocytes cultures at progressive times during culture up to day 5. In all cases the cells
were subsequently harvested for analysis at day 7. Both cytokines caused significant
changes to the development of D1+ and D7+ cell proportions if added at the
commencement of culture. Withholding IFNy addition until day 5 however did not
significantly alter the influence of this cytokine on phenotypic maturation whereas the
effect of adding IL-10 at later times of culture resulted in a progressive reduction of
D1+ cells and a significant increase in D1/D7+ cells, (Fig. 2.3). As IFNy addition
produced equivalent effects at all times of addition, subsequent experiments used a 5
day time point for cytokine addition to give a standard time of 48 hours contact for all

cytokines investigated.
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Time Course for IL-10 addition
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Figure 2.3  Time course for addition of IL-10.

The effect on cell phenotype of adding IL-10 at time O (after harvest) or on days 1, 2, 3
or 5 of monocyte culture. Results represent the effect of cytokine addition on the
relative proportions of D1+ cells, D7+ cells, and D1/D7+ cells quantified on day 7 of

culture. Experiment performed in duplicate. Results of typical experiment shown.
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THI1 and TH2 derived cytokines affect monocyte differentiation.

Cytokines IL-10, IL-4, IL-2 and IFNy were added at various concentrations to 5
day monocyte cultures. All cells were harvested at day 7 for analysis. IL-2 failed to
affect the phenotype of differentiating monocytes at any concentration used (Fig. 2.4).
IFNy and 11-4 were both effective in increasing the proportions of D1+ cells while
reducing proportions of cell expressing the D7+ phenotype. IFNy was also seen to
reduce the proportion of D1/D7+ cells. Conversely I1-10 significantly reduced the
development of D1+ cells while increasing proportions of D7+ and D1/D7+
populations (Fig. 2.4). These effects were dose dependent requiring a concentration of
at least 10ng/ml. Increasing concentration to 20ng/ml failed to increase the influence of
cytokines on monocyte differentiation with the exception of the effect of IL-4 on D1+
populations which were further raised by the use of this concentration. Direct
comparison of TH-1 and TH-2 derived cytokines at optimal doses revealed that IL-2
had no effect on differentiation (Fig. 2.5), while both IFNy (TH-1 derived) and I1-4
(TH-2 derived) increased proportions of D1+ cells in the maturing monocyte
population (Fig. 2.5, 2.6); while IL-10 (TH-2 derived) down-regulated this population
and increased proportions of D7+ and D1/D7+ cells (Fig. 2.6). To further investigate
the paradoxical effects of the TH-2 derived cytokines IL-4 and IL-10, experiments were
performed whereby both these cytokines were added to the monocyte cultures
simultaneously. The opposing effects of IL-4 and IL-10 on D1 and D7 expression

cancel out when the two cytokines are used in combination (Fig. 2.6).

The apparent discrepancy in the percentage of D7+ and D1/D7+ staining in

figures 2.3 and 2.4 may be explained by the large variability between experiments on
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different individuals. For example, in the control cultures in figures 2.5 and 2.6 which
represent the mean + SEM of 9 experiments the percentage of D7+ and D1/D7+ cells
are 22 + 10 and 25 £ 9 respectively. Consequently the comparison of individual
experiments may result in similar or widely different proportions of D1+ and D1/D7+
populations. The results are not dependent on technique. Similar data is obtained using
immunocytological staining; this data is not given as negative cells are more difficult to

determine objectively.

Table 2. 2 Effect of T cell cytokines on macrophage subpopulations

Macrophage Phenotype

D1+ D7+ D1/D7+
IL-4 1t \ \
IL-10 \ 0 t
IL-2 — — —
IFNy T N 3
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Figure2.4  Effect of cytokine concentration on macrophage phenotype.

Dose response curves demonstrating the effect of IL-10, IL-4, [FNg and IL-2
concentration on the relative proportions of D1+, D7+ and D1/D7+ cells after 7 days
of culture. Cytokine addition was made on day 5. Experiment performed in duplicate.

Results of typical experiment shown.
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Cytokine contact affects HLA DR expression.

Expression of HLA DR was measured in the whole macrophage pool after the
peripheral blood monocytes had been cultured for 7 days. Cells cultured in the presence
of IFNy or IL-4 showed significantly raised expression of HLA DR in both cases, while
I1-10 addition significantly reduced HLA DR expression (p<0.01 by ANOVA) (Fig.
2.7). IL-2 had no effect on HLA DR expression. Overall however these results revealed
that membrane antigens known to be directly relevant to cell function may be

modulated by contact with T cell cytokines.
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Contact with T cell derived cytokines affects macrophage cytokine production.

Analysis of the production of cytokines TNFo and TGFP was used to
determine whether alteration in macrophage phenotype was associated with changes in
cell function. The addition of IL-10 resulted in a non-significant trend towards
decreased TNFa production (Fig. 2.8). Analysis of experiments were pooled together
to determine whether the proportion of cells expressing D1 and D1/D7 respectively
were correlated with TNFa production. TNFa production was directly proportional to
the D1 expression (Fig. 2.9) and inversely proportional to D1/D7 expression (Fig.
2.10). Furthermore TNFa is also inversely proportional to total D7 (D7 + D1/D7)

expression (Fig. 2.10).

Changes in total TGFp levels were negligible compared to the background
concentration in the serum based culture medium. Absolute levels of production of
TGFp by differentiating monocytes ranged from -36 pg/ml to 166 pg/ml compared to a
background concentration of 950 pg/ml. In some experiments the concentration of
TGFp is less than the background level recorded in culture medium alone, (no cells).
Despite correction for the concentration of TGFB; or TGFf, within the RPMI / 10%
FCS medium, the change in the level of TGFp was not significantly different in IL-10

treated monocytes compared to control monocytes (Fig. 2.11).
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Effect of IL-10 on TNFa production in
culture media containing FCS
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Figure 2.8  Effect of IL-10 on TNFa production
Effect of IL-10 on TNFa production by differentiating monocytes after 7 days culture.
TNFa concentration in the culture supernatant was determined by ELISA Each data

point is the mean of duplicate experiments. p not significant by Wilcoxon test
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Figure2.9 Effect of macrophage phenotype (D1 expression) on TNFa
production.

Correlation of TNFa production in the supernatant of 7 day monocyte cultures with the
proportion of cells expressing the D1+ antigen presenting cell phenotype. Spearman

correlation coefficient r = 0.5. (p<0.005).
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Figure 2.10 Effect of macrophage phenotype on TNFa production

Correlation of TNFa production in the supernatant of 7 day monocyte cultures with the
proportion of cells expressing: (a) D1/D7+ suppressive macrophage phenotype
(Spearman coefficient r = -0.41, p < 0.02); (b) total D7 expression (D7 effector cells +

D1/D7 suppressive cells (Spearman coefficient r = -0.5, p< 0.005).
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Effect of IL-10 on TGFp production in
culture media containing FCS
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Figure 2.11 Effect of IL-10 on TGFp production

Effect of IL-10 on TGFp production by differentiating monocytes. Each data point is
the mean of duplicate experiments. TGF3 concentration in the culture supernatant was
determined by ELISA Each data point is the mean of duplicate experiments. p not

significant by the Wilcoxon test.
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Modulation of monocyte differentiation may have functional significance.

Monocytes cultured in the presence of IFNy or IL-10 for 48 hours were
harvested at day 7 and admixed with autologous or allogeneic peripheral blood
mononuclear cells (PBMCs). Cells treated with IFNy promoted a five fold increase in
autologous MLR stimulation index, while those treated with IL-10 reduced autologous
reactivity by over 50% (Fig 2.12). A similar effect of cytokine contact was recorded
when allogeneic MLR was studied. 7 day cultures of monocytes untreated with
cytokines produced a stimulation index of 3.9 when admixed with allogeneic PBMCs.
This reactivity was increased to a stimulation index of 9.6 when IFNy treated
monocytes were used as the stimulatory population; and reduced to a stimulation index
of 2.4 when differentiating monocytes treated with IL-10 were used as the stimulatory

population. (p<0.0001 using two-way ANOVA).

Thus cytokine contact promoting increased proportions of D1+ cells in culture
(IFNy treatment, see above) significantly increased the T cell stimulatory capacity of
the macrophage pool. Conversely treatment increasing the D1/D7+ population (contact
with IL-10) in culture resulted in suppression of T cell stimulation when subsequently

investigated in autologous or allogeneic MLR (Fig 2.12).
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DISCUSSION

The differentiation of monocytes into macrophages is associated with changes in cell
phenotype identified by MoAbs RFD1 and RFD7 (Spiteri & Poulter 1991; Poulter et al
1986). The current study confirms that on maturation, monocytes, (that do not normally
express the antigens seen by these monoclonal antibodies),develop into 3 subsets of
mature cells identified as DI+, D7+, and DI1/D7+. These subsets appear
morphologically similar but have been shown by this laboratory and many others (see
introduction) to exhibit differences in surface receptor expression, enzyme content, and
function (Spiteri & Poulter 1991; Spiteri et al 1992). For example, D1+ cells act as
inducers of T cell stimulation, while D1/D7+ cells suppress T cell responsiveness.
Furthermore, previous studies in this laboratory using D1 and D7 as blocking
antibodies demonstrated a direct association between the functional changes in an
MLR and the expression of D1 and D7 antigens on macrophages (Poulter & Burke
1996). Thus within a pool of mature macrophages overall functional capacity may be

determined by the balance created by the relative proportions of these subsets.

In an attempt to achieve an automated, more sensitive and less operator-
dependent analysis of macrophage subpopulations within cell culture, some
experiments were repeated using flow cytometry rather than cytospins as the method of
analysis. After 7 days culture 95% of macrophages were autofluorescent in the green,
red and orange spectra. Similar results were achieved in the analysis of macrophage
phenotype with a non-specific uniform increase in fluorescence. 80% of cells were
positive for both D1 and D7, with only 4% of cells negative for both antigens (data not

shown). To date, using flow cytometric analysis, we have been unable to discriminate
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between the phenotypically distinct macrophage subpopulations identified by MoAbs
RFD1 and RFD7. This problem of macrophage autofluorescence is currently being
addressed by our laboratory. Therefore, within this thesis I have used the more

established method of immunocytological analysis.

In the present study, changes in the proportion of phenotypically distinct
macrophages are not associated with significant changes in TNFa or TGFB production.
This lack of correlation between proportions of macrophage subsets and cytokine
production may in part be explained by the greater variability in cytokine levels than
macrophage phenotype. Detection of changes in TGFp is even further complicated by
the high background TGFp levels in serum based culture media. Alternatively, the
function of macrophage subpopulations distinguished by RFD1 and RFD7 may not be
significantly determined by their capacity for the release of soluble cytokines. Thus far,
the present study is consistent with de Waal Malefyt et al (1991) who suggested that
the capacity for IL-10 treated monocytes to determine T cell function is weighted in

favour of a cell-cell contact dependent mechanism.

To date it has not been possible to isolate completely homogenous populations
of D1+, D7+ and D1/D7+ cells and therefore experiments using individual macrophage
subsets as stimulator populations in an MLR have not been undertaken. It could be
argued however, that in vivo, it is the overall effect of a mixed population that is of
physiological and pathological importance and therefore the data as presented better

reflects the possible consequences of changes in macrophage phenotype in situ.
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It is well established that the functional capacity of mature macrophages can be
influenced by cytokines such as IFNy released from T cells (Doherty 1995). Previous
studies from this laboratory have demonstrated that IFNy also influences the maturation
of monocytes (Poulter et a/ 1987). The present study goes further in demonstrating that
monocyte maturation can also be influenced by IL.-4 and IL-10. It is indeed accepted
that other soluble T cell products not tested here may also exert effects on this
differentiation. However the lack of any detectable effect of IL-2 would suggest that

this is not a non-specific phenomenon and is thus under some form of regulation.

The current data contains three fascinating observations. Firstly, a comparison
of the effects of IL-4 and IFNy reveals that cytokines derived from both TH1-like T
cells (IFNy) and TH2-like T cells (IL-4) can both promote the emergence of a
macrophage pool with a dominant T cell stimulatory capacity (by promoting the
development of the D1+ phenotype). Secondly, a comparison of the effects of IFNy and
IL-10 (the latter promoting increased proportions of D1/D7+ cells) reveals that TH-1
derived and TH-2 derived factors can have divergent effects on monocyte maturation.
Thirdly, the contrasting effects of IL-4 and IL-10 (both TH-2 derived cytokines)

emphasises the potential complexity of T cell regulation of macrophage maturation.

Some reviews of cytokine mediation of T cell/macrophage interaction while
being comprehensive do not always take into account the possibility of differential
effects on specific macrophage sub-populations (e.g. Belardelli 1995). This question
has however been addressed, with the conclusion that TH-1 and TH-2 cytokines may

act on different macrophage populations (Molina & Huber 1991). The present study
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would support this, and go further in indicating that the overall functional capacity of a
mature macrophage pool may be regulated by T cell control of the relative proportions
of functionally distinct sub-populations developing from monocytes. Previous
observations that [FNy up-regulates antigen presenting capacity (Young & Hardy 1995)
and MHC Class II expression (Trinchieri & Perussi 1995) while IL-10 blocks TNFo
production (Weismann et al 1994; Hart et al 1995) reduces microbicidal activity
(Campbell 1994; Fernandes & Baldwin 1995) and suppresses antigen presentation
(Macatonia et al 1993) can all be explained on the basis of changes in the local
development of dominance of one macrophage subset over another. Reports that
cytokine induced changes are greater on cultured rather than freshly isolated monocytes
(Holt et al 1991) is consistent with the observations made here, that day 5 addition of
cytokine was most effective. This could be taken to indicate that changes to

macrophage phenotype and possibly function may be induced in relatively mature cells.

Such a possibility could have major importance in understanding the
pathogenesis of chronic inflammatory diseases where populations of macrophages
constitute a significant component of the cellular infiltrates involved. For example, this
laboratory has previously reported that the immunopathology in inflammatory bowel
disease (Allison & Poulter 1991) and in bronchial asthma (Poulter et al 1994) are
characterised by a gross imbalance in the relative proportions of phenotypically defined
inductive and suppressive macrophages. This may be of particular relevance in the
latter situation as local populations of suppressive macrophages have been seen to be
an important regulator of T cell activation at this site (Holt et a/ 1991). Such control is
mediated by down regulation of antigen presenting cell function (Holt 1993b). The

results of MLR assays reported in this paper offer evidence to support the suggestion
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that IL-10 and IFNy contact with monocytes can promote suppression or enhancement
of T cell stimulation respectively. It could be suggested that such mechanisms could
form the basis of cell mediated immune regulation in situ. It might be concluded
therefore that control of the balance of functionally distinct macrophage subsets
represents a major role of T cell derived cytokines. The fact that macrophages
themselves produce cytokines such as IL-1, TNFa, TGFp and indeed IL-10 all of
which are known to influence T cell subset proportions and function (Skeen & Ziegler
1995; Zunniga-Pflucker et al 1995; Swain et al 1991; Mosmann 1991) would indicate
that mutual regulation may be exerted between T cells and macrophages. It is tempting
to speculate that cytokine driven two-way signalling between T cells and macrophages
is designed to sustain the appropriate balance of subsets of each cell type in any given
environment. The present data is germane to this argument as it reveals a plasticity of
macrophage phenotype and function under T cell control, which in turn may regulate

the reactive potential of the T cell populations
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.CHAPTER 3 - DYSREGULATION OF MONOCYTE

DIFFERENTIATION IN CELLS FROM ASTHMATIC

SUBJECTS IS REVERSED BY IL-10.
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SUMMARY

IL-10 can modulate the differentiation of normal monocytes to macrophages,
increasing the proportion of maturing cells with a phenotype consistent with T cell
suppressive activity. Analysis of the immunopathology in endobronchial biopsies from
asthmatic subjects has revealed significantly reduced proportions of suppressive
macrophage populations associated with chronic T-cell mediated inflammation. This
study investigates whether the altered homeostasis within the lung macrophage
populations in asthma is reflected in aberrant differentiation of peripheral blood

monocytes and whether this differentiation may be influenced by IL-10.

Monocytes from 14 normal individuals and 14 atopic asthmatics were grown
in culture for 7 days in the presence or absence of IL-10, added on day 5. Double
immunofluorescence studies were performed on cytospins of the differentiated
macrophages using the monoclonal antibodies RFD1 and RFD7 to distinguish
inductive and suppressive macrophages by their respective phenotypes. HLADR
expression was quantified using the monoclonal antibody RFDR1. Macrophage
function was determined by quantifying allostimulation in a mixed leucocyte reaction
and by measuring TNFa and TGFP production. With no cytokine addition the
proportion of maturing macrophages with a suppressive phenotype (D1/D7+) at day 7
was lower in the asthmatic samples (18%) compared to normals (25%). IL-10
increased the proportion of suppressive cells in cultures of both asthmatic and normal
monocytes with the increase in the asthmatic subjects (94% increase) being
significantly greater than that in normal subjects (32% increase)(p<0.01). Asthmatic

monocytes had a greater effect in stimulating MLR than normals (p<0.05) but the
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addition of IL-10 reduced T cell proliferation in an MLR to a equivalent level in
both groups. These results suggest that a fundamental problem may exist in the

differentiation of monocytes in asthma which may be reversed by IL-10.
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INTRODUCTION

Normal lung macrophages exhibit a remarkable heterogeneity: there are
subsets of cells with the capacity to induce T cell responses such as dendritic antigen
presenting cells, subsets with the capacity to suppress T cell responses (suppressive
macrophages), and phagocytic effector cells (Toews et al 1984; Thepen et al 1994,
Spiteri & Poulter 1991). These subsets may be phenotypically discriminated using the
monoclonal antibodies RFD1 and RFD7 and can be functionally discriminated in vitro
(Spiteri & Poulter 1991; Tormey et al 1997; Poulter 1991; Hutter & Poulter 1992;
Poulter & Burke 1996). The RFD1 and RFD7 antigens are expressed on more than
80% of mature macrophages in culture but on less than 3% of peripheral blood
monocyte (Tormey et al 1997). The expression of these antigens increase as the cells

differentiate reflecting diverging phenotype.

Analysis of the immunopathology of endobronchial biopsies from asthmatic
subjects has revealed an imbalance within these functionally distinct macrophage
populations in that reduced proportions of suppressive cells are associated with
chronic peribronchial inflammation (Poulter er al 1994). It has thus been suggested
that there is a clear cause and effect relationship between the reduced capacity of local
macrophage populations to suppress T cell activity and the chronic nature of the T cell
mediated inflammation (Thepen et al 1994). A reduction in suppressive macrophages
in the bronchial wall of asthmatics could be a consequence of either phenotypic and
functional changes to the mature populations and/or aberrations in the differentiation

and maturation of recruited monocytes.
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Both changes to mature cells and monocyte differentiation are controlled at
least in part by cytokines. More specifically IL-10 (cytokine synthesis inhibitory factor)
produced by Th 2 type T helper cells (and macrophages) reduces cytokine production
by activated macrophages (de Waal Malefyt et al 1991; Fiorentino et al 1991)
downregulates MHC class II expression (de Waal Malefyt et al 1991) and inhibits
antigen specific proliferation of human T cells (Flores Villanueva et al 1994; Ding et
al 1993). Furthermore it has been shown to regulate the emergence of functionally
distinct macrophages from peripheral blood monocytes with an increase in the
proportion of D1/D7+ suppressive cells (Poulter & Burke 1996). IL-10 therefore has
the potential to redress the imbalance within the tissue macrophage subpopulations

seen in bronchial asthma.

This chapter investigates whether the altered homeostasis within the lung

macrophage populations results from aberrant differentiation of peripheral blood

monocytes and whether this differentiation could be influenced by IL-10.
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MATERIALS AND METHODS

Subjects

20 mls of venous blood was taken from 14 normal subjects and 14 atopic
asthmatics (age 18 - 50). The asthmatic subjects fulfilled the American Thoracic
Society (ATS) criteria for the diagnosis of asthma and all showed a positive skin prick
response to one or more of a battery of 8 common allergens including house dust mite
and grass pollen. All patients were on a stable dose of inhaled corticosteroids. The

control group consisted of both atopic and non atopic individuals.

Monocyte Harvest

This method has been described in detail in chapter 2.

Cell culture

Adherent monocytes were cultured in 24 well plates in supplemented RPMI
(see above) for 7 days either with no addition or with the addition of 10ng/ml IL-10
added on day 5. Time course and dose response effect for IL-10 addition were
determined in chapter 2. Recombinant human IL-10 obtained from R&D Systems
(Abingdon, England) was added in 20pl aliquots with control cultures receiving 20ul
of sterile PBS. All solutions added were warmed to 37°C before addition. Cultures
were all harvested after 7 days. At time of harvest plates were placed at 4°C for 30
minutes and then vigorously aspirated with fresh cold PBS. All cells from the wells

were collected including any cells no longer adhering to the plastic substrate. Viability
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was reassessed and only cultures with a viability greater than 90% were used for

analysis.

Cytospin preparation
Immunocytological analysis
Cytokine ELISA

These methods have been described in detail in chapter 2.

Mixed leucocyte reactions (MLR)

In some experiments (4 normal individuals and 3 asthmatic) an allogeneic
MLR was performed using cultured monocytes as the stimulator population.
Lymphocytes from various normal donors were used as the responder population. The

method has been described in chapter 2.

Statistical analysis

The effect of IL-10 on monocyte maturation was analysed using a paired non
parametric Mann Whitney test. The comparison between normal and asthma was
analysed using the non paired Wilcoxon test. Statistical significance was taken at the

level p <0.05.
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RESULTS

IL-10 affects monocyte differentiation.

In establishing the control group, the effect of IL-10 on the phenotype of
differentiating monocytes in culture was first compared between 9 normal subjects and
9 atopic non-asthmatic subjects. As there was no significant difference in either
monocyte differentiation or response to IL-10 between atopic and non-atopic

individuals (Fig. 3.1) both were included in the control group.

With no cytokine addition similar proportions of monocytes derived from
normal or atopic asthmatic subjects differentiated into macrophages expressing an
antigen presenting cell phenotype (D1+), 52% and 53% respectively (Fig. 3.2). The
proportions of maturating monocytes expressing a suppressive D1/D7+ phenotype at
day 7 was however lower in the asthmatic subjects (18%) compared to normal (25%)
(p<0.02 ). Consequently the proportion of cells expressing the D7+ phenotype of

mature phagocytes was greater in the asthmatic samples.

The addition of IL-10 resulted in an increase in the proportion of D1/D7+
suppressive macrophages in both groups (Fig. 3.3). This change was significantly
greater in the asthmatic (94% increase) compared to normal subjects (34% increase)
(p<0.01)(Fig. 3.4), thus eliminating the initial disparity between these groups after 7
days culture (Fig. 3.2). IL-10 significantly decreased the proportion of inductive
macrophages in both normal and asthmatic subjects (p<0.01); the magnitude of this

reduction was similar in both groups (Fig. 3.5).
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The level of HLA-DR expression was reduced by IL-10 to an equivalent extent
in both normal and asthmatic subjects; the difference between the two groups not

reaching statistical significance (Fig. 3.6).
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Comparison of monocyte
differentiation in atopic and
non-atopic normal individuals
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Figure 3.1  Monocyte differentiation in normal and atopic non-asthmatics.

The proportions of monocytes from normal [J] and atopic [e] non-asthmatic
individuals expressing the stimulatory phenotype D1+; phagocytic phenotype D7+; and
suppressive phenotype D1/D7+ after 7 days culture without the addition (a) and

following the addition (b) of IL-10 on day 5. Horizontal bars indicate median values.
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Monocyte differentiation in normal and
asthmatic subjects.
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Figure 3.2  Monocyte differentiation in normal and asthmatic individuals.
The proportions of monocytes from normal and asthmatic individuals expressing the
stimulatory phenotype D1+; phagocytic phenotype D7+; and suppressive phenotype

D1/D7+ after 7 days culture. Results expressed as mean + S.E.M.
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Differentiation of D1/D7 suppressive cells
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Figure 3.3  Differentiation of D1/D7 suppressive cells.
The effect of IL-10 on the proportion of D1/D7+ suppressive cells from normal [N]
and asthmatic [A] individuals which have matured in culture. Results expressed as

mean + S.E.M.
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Relative change in D1/D7+ proportions
following IL-10
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Figure 3.4  Relative change in D1/D7+ suppressive cells induced by IL-10.
The increase in D1/D7+ suppressive cells following the addition of IL-10 expressed as
the percent change in the proportion of suppressive cells cultured in the absence of IL-

10. Results expressed as mean + S.E.M.
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Differentiation of D1+ inductive cells
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Figure 3.5  Differentiation of D1+ inductive macrophages.

The effect of IL-10 on the proportion of D1+ inductive macrophages (antigen
presenting cells) from normal and asthmatic individuals which have matured in culture.
Results expressed as mean + S.E.M.

Abbreviations : N = normal; A = asthmatic.
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Contact with IL-10 failed to affect macrophage cytokine production.

7 day supernatant from all cultures were tested for levels of cytokines TNFa
and TGFp. IL-10 addition did not significantly influence TNFa production in cultures
of either normal or asthmatic monocytes (Fig. 3.7). Levels of TGFB in culture
supernatants were increased in the majority of cultures from both normal and asthmatic
subjects but group analysis revealed no significant difference over IL-10 free controls
(Fig. 3.8). There was no correlation between cytokine levels and proportions of

macrophage subsets.

IL-10 treated monocytes inhibit lymphocyte proliferation.

After 7 days in culture monocytes from asthmatic subjects have a greater
capacity to stimulate T cell proliferation in an allogeneic MLR than monocytes from
normal individuals (p<0.05) (Fig.3.9). The addition of IL-10 to the monocyte
stimulator population significantly inhibited T cell proliferation in both normal and
asthmatic samples. The inhibition by IL-10 was significantly greater in the asthmatic

compared to normal subjects thus reducing the initial disparity between the two groups.
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Effect of IL-10 on TNFa production
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Figure 3.7  Effect of IL-10 on TNFa production.
The effect of IL-10 on TNFa production by differentiating monocytes in normal ]
and asthmatic [e] individuals. TNFa concentration was determined in the culture

supernatant by ELISA.

Abbreviations: N = normal; As = asthma.
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Effect of IL-10 on TGFp production

Figure 3.8  Effect of IL-10 on TGFp production.
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The effect of IL-10 on TGFp production by differentiating monocytes in normal [0]

and asthmatic [e] individuals. TGFB concentration was determined in the culture

supernatant by ELISA.

Abbreviations: N = normal; As = asthma.
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DISCUSSION

Impaired regulation of T cell reactivity by macrophages may be responsible for
the persistence of a T cell dominated peribronchial inflammation in asthma (Poulter et
al 1994). More specifically, macrophage subsets have been implicated in both the
promotion and loss of suppression of T cell proliferation (Toews et al 1984; Thepen et
al 1994; Spiteri & Poulter 1991; Poulter & Burke 1996; Poulter et al 1994). 1t is
possible that the imbalance within lung macrophage subsets of the asthmatic individual
may be secondary to either changes to the mature macrophage population within the
lung microenvironment or an alteration in the maturation of recruited peripheral blood
monocytes. It has previously been shown that T cell cytokines regulate the
differentiation of peripheral blood monocytes and more specifically that IL-10 has the
capacity to increase the proportion of lung macrophages with a suppressive phenotype
(Tormey et al 1997) The present study reveals that the aberrant maturation of
monocytes occurring in asthmatic individuals and the resulting imbalance between

macrophage subsets may be corrected by exogenous IL-10.

We did not investigate the effect of other cytokines including IL-4, IFNy, IL-1
and GM-CSF on asthmatic monocyte maturation, although it is likely that they also
have a significant effect on macrophage phenotype. As the aim of this study was to
investigate the effect of cytokines on the aberrant maturation of differentiating
monocytes, mature alveolar macrophages were not studied. Furthermore previous work
by Poulter ef al demonstrated that the immune associated inflammation present in

endobronchial biopsies of clinically stable asthmatics was not reflected in altered cell
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phenotype of bronchoalveolar lavage samples taken from clinically stable asthmatics

(Poulter er al 1992).

The differentiation of monocytes in asthmatics differs from that in normal
individuals with a reduction in the proportion of cells which mature into suppressive
macrophages. However this was not associated with significant differences in TNFo or
TGFp production although in asthma a trend towards reduced TNFa and increased
TGFp production by IL-10 treated monocytes was observed. Although there was no
correlation between proportions of macrophage subsets and cytokine production, this
may in part be explained by the greater variability in cytokine levels than macrophage
phenotype. Detection of changes in TGF production was even further complicated by
the high background TGFp levels in serum based culture media. The lack of a
significant difference in HLA-DR expression on cultured monocytes between normal
and asthma is consistent with similar proportions of cells expressing an antigen

presenting phenotype in both groups.

It has been shown previously that lung macrophages from asthmatics are better
stimulators of allogeneic T cells than those from normal subjects. The present study
reveals that monocytes from asthmatic individuals which have matured in culture also
have a greater capacity to stimulate T cell proliferation than monocytes from normal
individuals. However, monocytes from both asthma and normal individuals have an
equivalent functional response to IL-10 in terms of the relative inhibition of an MLR.

Therefore in asthma, the reduction in the proportion of cells maturing into D1/D7+
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suppressive macrophages may be seen as consistent with a greater capacity for T cell

proliferation.

The control group consisted of both atopic and non atopic individuals. There
was no significant difference in either monocyte differentiation or response to IL-10
between atopic and non-atopic normal individuals. Therefore, since atopy did not alter
the balance within the macrophage populations derived from blood monocytes, we did

not investigate intrinsic asthmatics as a specific subgroup.

One limitation of this study is that the asthmatics were taking maintenance
inhaled corticosteroids which have been shown to alter macrophage phenotype within
the bronchial wall in asthma (Burke et al 1996). More recently, John ef al demonstrated
that inhaled corticosteroids increased IL-10 expression in alveolar macrophages but not
peripheral blood monocytes (John et al 1998). However, it is unlikely that this would
alter the results of the present study. Indeed, if anything it would tend to decrease the
probability of detecting a significant difference in both macrophage phenotype and

sensitivity to IL-10 between asthma and normal individuals.

Thus in asthma, there is a reduction in the proportion of cultured macrophages
expressing a D1/D7+ suppressive phenotype associated with an increased capacity to
stimulate allogeneic T cells. This relative deficiency in the differentiation of monocytes
(not yet exposed to the lung microenvironment) into mature suppressive cells in asthma
may offer a novel insight into pathogenesis. Since asthma is not a generalised systemic
disorder, one may question why the altered maturation of monocytes reported here

(Tormey et al 1997) is not reflected in concomitant extrapulmonary pathology. The

117



local factors that influence macrophage development in the airway mucosa in asthma
remain to be determined. Most evidence favours a Th2 cytokine profile in asthma
(Robinson et al 1992, 1993; Humbert et al 1996), and this might be expected to include
increased expression of IL-10 (Fiorentino et al 1991; Robinson ef al 1996). However,
other data suggest that there may be deficient IL-10 expression by airway cells in
asthma (Borish et al 1996; John et al 1998). Our data would suggest that if IL-10
production is reduced in the airway in asthma this would allow differentiation (and
perhaps accumulation) of D1+ macrophages. It is also possible that the timing of IL-10
production in relation to allergen exposure (Robinson et al 1996), or interaction with
other cytokines influencing macrophage development determine the airway

macrophage phenotype in asthma.

The addition of IL-10 increased the proportion of D1/D7+ cells in both normal
individuals and asthmatics to a similar level. However, given the initial deficiency of
suppressive macrophages in asthmatics the proportionate increase in these subjects was
significantly greater than in normal individuals. Given the nature of the cytokine
control of monocyte differentiation, these results refute the possibility that asthmatic
monocytes/macrophages are less sensitive to IL-10. Although it is recognised that other
factors may impact on IL-10 responses in vivo the data support the alternate suggestion
that there is deficient IL-10 production within mononuclear cells regulating monocyte
differentiation in asthmatic individuals. This is supported by a recent study
documenting decreased spontaneous and stimulated IL-10 production in asthmatic
peripheral blood mononuclear cells (Borish et al 1996). Similarly, the appearance of
IL-10 production may contribute to the resolution of the late asthmatic response after

allergen challenge (Robinson et al 1996). More recently, a comprehensive review
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summarised the evidence supporting the concept that IL-10 could be useful in
controlling Th2 mediated inflammatory processes by preventing the accumulation of
activated eosinophils in target tissues (Pretolani & Goldman 1997). Thus, since IL-10
alters monocyte differentiation and the phenotype and function of the resulting
macrophage pool in both normal and asthmatic subjects the intriguing possibility
emerges that manipulation of IL-10 may be associated with therapeutic benefit in

asthma (John et al 1998)!

In terms of the nature of the discussion, an attempt is made to correlate the in
vitro findings in the present study with previous in vivo work carried out by this
laboratory on macrophage phenotype within the bronchial wall of normal individuals
and asthmatics pre and post treatment with inhaled steroids. This lead to the possibility
that IL-10 may have a role within regulation of macrophage phenotype in vivo although
no direct evidence of this is currently available. The use of intracellular cytokine
staining on endobronchial biopsies in asthmatics currently being undertaken in our
department as part of a separate investigation may help resolve this issue. Therefore
despite the speculative nature of the discussion in terms of the effect of IL-10 it is

entirely appropriate to hypothesise on the possible role of IL-10 in asthma.
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CHAPTER 4 - SERUM-FREE CULTURE OF

DIFFERENTIATING MONOCYTES.
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INTRODUCTION

The development of serum-free systems for the maintenance and expansion of both
primitive and committed haematopoietic progenitors, and circulating peripheral
blood mononuclear cells has numerous applications in basic and clinical research.
Using these serum-free culture systems, the impact of the cell microenvironment and
individual growth factors on primitive and maturing stem cells has been studied

(Lebkowski et al 1995).

One disadvantage of serum-based culture media is the confounding
contribution of endogenous cytokines to the growth, maturation and function of cells
in culture. Foetal bovine serum in particular contains a high concentration of TGFf
with levels up to 16ng/ml after activation (Danielpour 1993). The variability of
cytokine content within different batches of foetal bovine serum further confounds
the issue. This makes interpretation of small changes in TGFf concentration fraught
with difficulty. Similarly, the presence of colony stimulating factors in human serum
may regulate monocyte differentiation, thereby altering the balance between

emerging macrophage subpopulations.
Therefore, to further investigate the effect of exogenous cytokine addition on

macrophage phenotype and function, experiments were repeated using the serum free

culture medium AIM-V.
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MATERIALS AND METHODS

Monocyte Harvest

Mononuclear cells were separated by density centrifugation (Nycomed Pharma As,
Oslo, Norway) at 650 x g for 15 minutes. Mononuclear cells were washed with
phosphate buffered saline (PBS) three times and suspended at a density of 1 x 10°
cells/ml in RPMI 1640 culture medium (Sigma-Aldrich Co. Ltd., Dorset, England)
supplemented with 10% heat inactivated Foetal Bovine Serum, 1.25%
penicillin/streptomycin and 1.25% 200mM glutamine. 2ml aliquots were then
transferred to each well of 24 well culture plates. The cultures were incubated at 37°C
in 5%CO? to separate monocytes by adherence. After 2 hours the non-adherent cells
were removed by aspiration and each well was washed 3 times in PBS preheated to
37°C. 2mls of serum-free AIM V media (Life Technologies, Paisley UK) supplemented
with 2 x 10°M 2-mercapto ethanol was then added to each well (Helinski ez al 1988).
For each culture experiment triplicate wells were harvested at this time. The method of
harvest is described below. The cell populations at TO contained consistently greater
than 90% monocytes as determined by morphology; and viability (determined by

trypan blue exclusion) was consistently greater than 95%.

Cell Culture

Adherent monocytes were cultured in 24 well plates in supplemented AIM V (see
above) for 7 days either with no addition or with the addition of cytokines. The
cytokines used were recombinant IFNy, IL-2, IL-4 or IL-10; (all obtained from R&D

systems, Abingdon, England). These cytokines were added at a concentration of 10
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ng/ml on day 5 during the 7 day culture period. All were added in 20pl aliquots with
control cultures receiving 20pl of sterile PBS. All solutions added were warmed to
37°C before addition. Cultures were all harvested after 7 days. At time of harvest plates
were placed at 4°C for 30 minutes and then vigorously aspirated with fresh cold PBS.
All cells from the wells were collected including any cells no longer adhering to the
plastic substrate. Cells were counted, viability was reassessed and only cultures with a

viability greater than 90% were used for analysis.

Cytospin preparation
Immunocytological analysis
Cytokine ELISA

Mixed lymphocyte reactions (MLR)

These methods have been described in detail in chapter 2.

Statistical Analysis

The effect of cytokine addition on macrophage phenotype, cytokine production and T

cell proliferation in a MLR was determined by ANOVA.
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RESULTS

Monocytes exhibit phenotypic maturation in serum free culture.

At harvest after 2 hours adherence in the serum based medium RPMI/FCS over 90% of
cells exhibit the morphological characteristics of monocytes .Less than 3% of cells
expressed the antigens seen by MoAbs RFD1 or RFD7 . No cells at this time exhibited
the double phenotype D1/D7+, (Fig. 4.1). The cell count remained at 1 x 10° cells/ml
during the culture period with viability of 90%. No significant cell loss occurred over 7
days and no multiplication of cells was detected. After 7 days culture significant
proportions of D1+, D7+, and D1/D7+ cells were recorded . Approximately 80% of
macrophages expressed one or both of the D1 and D7 antigens. However, monocytes
maturing in AIM-V have a slight (but not significant) increase in the expression of

D7 relative to D1 compared to cells cultured in RPMI / FCS (Fig. 4.2).

THI1 and TH2 derived cytokines affect monocyte differentiation.

IFNy and I1-4 were both effective in increasing the proportions of D1+ cells while
reducing proportions of cell expressing the D7+ phenotype. IFNy was also seen to
reduce the proportion of D1/D7+ cells. Conversely I1-10 significantly reduced the
development of D1+ cells while increasing proportions of D7+ and D1/D7+

populations (Fig. 4.3).
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TNFa and TGFp production by differentiating monocytes.

Analysis of the production of cytokines TNFo and TGFP was used to determine
whether alteration in macrophage phenotype was associated with changes in cell
function. The addition of IFNy increased TNFa production whereas I1.-4 and IL-10 had
no effect (Fig. 4.4). Cytokine addition to differentiating monocytes did not alter TGF

production (Fig. 4.5).

Modulation of monocyte differentiation may have functional significance.

Monocytes cultured in the presence of IFNy, IL-4 or IL-10 for 48 hours were harvested
at day 7 and admixed with allogeneic peripheral blood mononuclear cells (PBMCs).
Cells treated with IFNy increased the MLR stimulation index, while those treated with
IL-10 reduced allogeneic reactivity. (p<0.05 using ANOVA) (Fig. 4.5). The increase in

stimulation index following IL-4 addition was not statistically significant.

Thus cytokine contact promoting increased proportions of D1+ cells in culture
(IFNy treatment, see above) significantly increased the T cell stimulatory capacity of
the macrophage pool. Conversely treatment reducing the D1+ population (contact with

IL-10) in culture resulted in suppression of T cell stimulation.
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