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Abstract

MRP-14 and its heterodimeric partner, MRP-8 are highly expressed in neutrophils
and monocytes where they constitute 40% and 1% of the total cytosolic protein
respectively. They are both low molecular weight proteins that belong to the S100
family of Ca**-binding proteins.

Using the air pouch model of inflammation it has been demonstrated that
recombinant murine MRP-14 (tMRP-14) is a potent chemoattractant for myeloid
cells in vivo (May, 1999). While rMRP-14 did not directly cause chemotaxis or
activation of myeloid cells in vitro, it caused a rapid elevation in the levels of
cytokines in air pouch exudate, suggesting that rMRP-14 causes leukocyte influx via
an indirect mechanism. As a control for endotoxin involvement, an air pouch
experiment was performed using LPS insensitive mice. rIMRP-14 did not produce an
influx of cells. In addition, picogram levels of LPS, equivalent to the level of
endotoxin contaminaton in rMRP-14, induced similar chemokines to rMRP14 in the
air pouch. Therefore it is likely the effect of rMRP-14 in vivo is due to endotoxin
contamination.

Myeloid cells from MRP-14"" mice were characterised. MRP-8 mRNA, but
not protein, was present in these cells, suggesting that the stability of MRP-8 protein
is dependent on MRP-14 expression. A compensatory increase in other proteins was
not detected and myeloid cell development was unaffected in MRP-147" mice. MRP-
147" neutrophils had a reduced Ca®* flux in response to suboptimal levels of MIP-2.
The ability of MRP-14" cells to perform chemotaxis, apoptosis or superoxide burst
was unaffected. In an in vivo model of pneumonia, MRP-14"" mice were less able to
contain the infection than MRP-14""" mice. It is proposed that MRP-14 may not be
dispensible for all myeloid cell functions.

The role of MRP-8 during embryonic development was also investigated.
MRP-8 was expressed by cells of both maternal and fetal origin. MRP-14"" mice
expressed reduced levels of MRP-8 and developed normally. This is in contrast to
MPR-8" mice that die in utero (Passey et al., 1999a). Therefore, MRP-8 appears to
play an essential function during development that is independent of MRP-14.
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CHAPTER 1

Introduction

1.1 The innate immune system

1.1.1 The response to infection

The epithelial surfaces of the body serve as an efficient barrier to most
microorganisms, however when a microorganism crosses this barrier, the innate
immune system serves as the first line of defense (reviewed by (Medzhitov and
Janeway, 1997; Medzhitov and Janeway, 2000)). The innate immune system
comprises a variety of effector mechanisms, such as the complement pathway,
antimicrobial peptides and phagocytic cells, which are activated immediately after
infection. The innate immune system uses germline-encoded pattern recognition
receptors (PRRs) to recognise a variety of conserved pathogen-associated molecular
patterns (PAMPs) that are shared by broad classes of microorganisms, as well as

some modified self-ligands.

PRRs are a structurally diverse set of proteins that can be grouped into three
categories: secreted, signalling and endocytic (Medzhitov and Janeway, 2000).
Secreted PRRs include C-reactive protein and mannose binding protein. These
plasma proteins bind to microbial carbohydrates and serve to activate complement

and opsonise microbes for phagocytosis (Fujita, 2002). Complement (C) is a system
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of more than 30 plasma and cell-surface proteins that when activated, serves to
opsonsise pathogens (C3b), cause the chemotaxis and activation of leukocytes (C3a,
C5a), and directly kill pathogens through the formation of the “membrane-attack

complex” (Fujita, 2002).

Tissue macrophages and dendritic cells (known as antigen presenting cells,
(APCs)) express endocytic and signalling PRRs. These PRRs mediate pathogen
uptake and delivery into lysosomes, as well as activating signalling pathways to
induce the expression of inflammatory mediators, such as TNF-a and IL-1, to
regulate the inflammatory response and costimulatory molecules for the induction of
adaptive immunity. APCs express a diverse array of cell surface and intracellular
PRRs, including Toll-like receptors (TLRs), scavenger receptors and the mannose

receptor (reviewed in (Gordon, 2002)).

In mammalian species there are at least 10 TLRs that recognise a diverse
array of ligands, the majority of which are PAMPs (reviewed in (Underhill and
Ozinsky, 2002)). It is thought that several microbial features can be detected
simultaneously by several TLRs on an APC, to elicit a reponse that is tailored to the
pathogen. Some TLRs require accessory proteins to recognise their ligand. For
example gram negative bacterial lipopolysaccharide (LPS) is bound in serum by
LPS-binding protein, which delivers LPS to CD14 that forms a complex with TLR4

along with another accessory protein, MD-2 (Triantafilou and Triantafilou, 2002).

Inflammatory mediators cause the rapid recruitment of leukoyctes to the
inflammatory site. The first leukocytes to be recruited to an inflammatory site are

neutrophils and monocytes, which arrive within a few hours (Henderson et al., 2003).
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1.1.2 Leukocyte recruitment

Leukocytes are recruited from the blood stream to sites of inflammation via the
postcapillary venules (for a review see (Kubes, 2002; Springer, 1994)). The
recruitment is a multi-step process and is summarised in Figure 1.1. Leukocyte
tethering and rolling, activation, firm adhesion and dipedesis comprise the classic
paradigm of leukocyte recruitment. Each stage is mediated by specific families of

adhesion molecules and will be discussed individually below.

Rolling

Leukocytes initially engage in transient interactions with the endothelium that
manifest as rolling due to the hemodynamic shear forces. These tethering and rolling
stages are predominantly mediated by the selectins and their carbohydrate ligands
(for a review see (Patel et al., 2002)). The selectins are a family of calcium-
dependent, type I transmembrane glycoproteins comprising an N-terminal lectin-like
ligand-binding domain, an EGF-like domain followed by a variable number of

consensus repeats and a short cytoplasmic domain.

P-selectin is constitutively expressed in secretory granules (“Weibel-Palade
bodies”) by endothelial cells, which can be rapidly mobilised to fuse with the plasma
membrane following cellular activation by inflammatory mediators such as TNF-o.
E-selectin is also expressed by endothelial cells but is regulated at the level of
transcription following cellular activation. L-selectin is constitutively expressed by

leukocytes and is rapidly shed from the surface following cellular activation.
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Chapter 1: Introduction

All selectins have been shown to bind to the carbohydrate sialyl Lewis®
(sLe*) with low affinity. A variety of glycoproteins have been demonstrated to
function as selectin ligands, but for many of these ligands their role has yet to
demonstrated in vivo. The best characterised selectin ligand is P-selectin glycoprotein
ligand-1 (PSGL-1), which is expressed primarily on myeloid, lymphoid and dendritic
cells (Laszik et al., 1996). Neutrophils from PSGL-1" mice show attenuated rolling

mediated by P-selectin but not E-selectin (Yang et al., 1999).

Studies of selectin knockout mice have provided insight into the relative
importance of the family members in mediating the recruitment of leukocytes to an
inflammatory site (see (Patel et al., 2002) and references therein). P-selectin
knockout mice show delayed leukocyte recruitment in response to an inflammatory
stimulus, demonstrating that P-selectin is important in mediating the early phase of
leukocyte recruitment. P/E-selectin and P/L-selectin double knockouts have severely
impaired rolling, demonstrating that P-selectin plays a key role in mediating rolling
in an inflammatory situation. Leukocytes from triple selectin knockout mice have an
even more severely impaired ability to roll, but demonstrate that selectin-independent
mechanisms exist. For example in some models of inflammation, o4 integrin has
been demonstrated to mediate leukocyte rolling (Kubes, 2002). There is growing
evidence that engagement of selectins triggers intracellular signalling events that are
likely to induce functional changes in leukocytes and endothelial cells. However this
signal is not sufficient to initiate leukocyte arrest under physiological conditions

(Patel et al., 2002).
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Activation

Locally produced chemotactic factors, such as chemokines, C5a, platelet activating
factor (PAF) and formylated peptides, signal through specific G protein-coupled

receptors to induce firm adhesion of rolling leukocytes.

Chemokines are a large superfamily of around 40 chemotactic cytokines of 7-
10 kDa that can be grouped into four main classes (CC, CXC, CX;C and C) based on
the positioning of conserved cysteine residues (Baggiolini et al., 1997). The majority
of chemokines are produced as secreted molecules, and are retained on the surface of
endothelial cells through low affinity interactions with glycosaminoglycans. Most
chemokine receptors recognise more than one chemokine and several chemokines
bind to more than one receptor. Therefore the chemokine system shows great
redundancy and versatility. The expression of chemokine receptors varies among
different subsets of leukocytes, ensuring that chemokines stimulate the specific
recruitment of leukocyte populations. For example, murine neutrophils express
CXCR2 and are recruited in response to the CXC chemokines, MIP-2 and KC,
whereas monocytes express CCR2 and are recruited in response to the CCL

chemokine, MCP-1 (Greaves and Schall, 2000).

Another group of chemotactic factors are the N-formyl peptides (for a recent
review see ((Le et al., 2002)). N-formyl peptides are produced by bacteria and
mitochondria and therefore signal infection or cellular damage to the host. Recently a
variety of non-formylated peptide and lipid ligands have been shown to bind to
formy] peptide receptors, such as Annexin I and lipoxin A4, suggesting that the roles

of these receptors may be more complex than initially thought.
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In general, leukocyte chemoattractants bind to seven transmembrane domain
receptors that signal through pertussis toxin-sensitive heterotrimeric G proteins of the
G;j class. Upon agonist binding, heterotrimeric G; proteins rapidly dissociate into o
and By subunits and activate signalling molecules and pathways that are common to
most leukocyte chemoattractant receptors (Figure 1.2). One exception is CD38,
which catalyses the production of cyclic ADP-ribose and appears to be an essential

and specific transducer of fMLP signals in mouse neutrophils (Partida-Sanchez et al.,

2001).

Firm adhesion

Signalling pathways downstream of chemoattractant receptors induce the
rapid and transient activation of integrins to promote leukocyte adhesion (Johnston
and Butcher, 2002). Integrins are heterodimeric adhesion molecules composed of
non-covalently asoociated o and P subunits. The leukocyte integrins LFA-1
(Leukocyte function-associated antigen-1; oy 3;), Mac-1 (omfP2) and VLA-4 (Very
late antigen-4; ouf;) mediate adhesion through binding to members of the
immunoglobulin family, ICAM-1 (Intercellular adhesion molecule-1), ICAM-2 and
VCAMS-1 (Vascular cell adhesion molecule) expressed by the endothelium (reviewed
by (Alon and Feigelson, 2002)). The expression of ICAM-1 and VCAM-1 is

these melecules

induced following endothelial cell activation and/bind to leukocyte B, integrins and

VLA-4 respectively.
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Chapter 1: Introduction

Chemokines rapidly trigger conformational changes in integrins within
seconds, increasing their affinity for ligand. In addition, through a different
signalling pathway, chemokines stimulate integrin lateral mobility in the plasma
membrane leading to an increased avidity (Reviewed in (Hogg et al., 2002;
Laudanna et al., 2002)). The contribution of affinity and avidity changes to leukocyte
adhesion appears to be dependent on the density of ligand. At high ligand densities
affinity changes are sufficient to cause leukocyte arrest, but at low ligand densities,

avidity changes are also important (Laudanna et al., 2002).

Diapedesis

Gradients of chemoattractants induce adherent leukocytes to migrate across the
endothelium at intercellular junctions into the tissues (for a review see (Johnson-
Leger et al., 2000; Luscinskas et al., 2002)). This migration is believed to involve
communication between the leukocyte and endothelium, although the intercellular
signalling events are not well understood. Progress has been made in identifying the

endothelial lateral junctional molecules that the leukocyte must traverse.

There are two types of endothelial cell junctions: tight junctions (TJs) that are
composed of a variety of transmembrane proteins (junctional adhesion molecule-1
(JAM1), occludin, claudins), and adherens junctions (AJs) that contain VE-cadherin.
AlJs appear to be the main complex regulating the permeability of the endothelium
and VE-cadherin is a target of inflammatory mediators such as histamine and
thrombin that increase vascular permeability. Platelet/endothelial cell adhesion

molecule-1 (PECAM-1) is expressed by most leukocytes and by endothelial cells and
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