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Abstract

Low monocyte HLA-DR expression has been reported to be an indicator of poor
prognosis in critically ill septic patients and a threshold of <30% of monocytes
expressing HLA-DR has been correlated with a mortality of 80% or more. Monocytes
with low HLA-DR expression have been described to be anergic and unresponsive to
stimulation with LPS. This anergy has been reported to be reversed by GM-CSF. In
septic patients, low GM-CSF levels have been observed, which may be a factor that
contributes to the impaired monocyte function in septic patients. To support this,
administration of GM-CSF to septic patients has had beneficial results.

The aim of the work presented in this thesis was to investigate the phenotype of
the monocyte in sepsis. Firstly to test the hypothesis that HLA-DR is a prognostic marker
in septic patients in the Liverpool Intensive Care Unit. In addition the mechanism which
could be causing this down-regulated expression of HLA-DR was investigated. HLA-DR
expression was measured on day 1 to day3 of all non-immunosuppressed septic patients
as defined by the Consensus Conference criteria, [n = 70]. Healthy subjects had 70 —
100% of monocytes expressing HLA-DR. It was observed that monocytes of some septic
patients expressed a high density of HLA-DR expression, indicative of the systemic
inflammatory response syndrome (SIRS) phase of sepsis. Other patients had lowered
expression of HLA-DR, indicative of the compensatory anti-inflammatory phase (CARS)
of sepsis. There was no significant difference between the percentage of monocytes
expressing HLA-DR of survivors and of non-survivors [57.1% versus 52.3%
respectively, p=0.85]. Patients with > 70% HLA-DR expression [normal] (n=21) had a
similar mortality than those with < 30% expression, (n =24) [38% versus 37.5%
respectively, p=0.9]. No correlation with HLA-DR expression and APACHE (Acute
Physiology and Chronic Health Evaluation) II score was found, p=0.8. Data are presented
which suggest that the reason for the lowered HLA-DR may be due to lowered
transcription of HLA-DR mRNA (p=0.02 septic versus normals), processing of HLA-DR
to the membrane and shedding of HLA-DR (p=0.00004 septic versus normals). When
plasma GM-CSF was measured in the same group of septic patients there was no
significant difference in median plasma GM-CSF levels between septic patients who
survived and healthy control subjects. Septic patients who did not survive showed
significantly lower plasma GM-CSF levels compared with both septic survivors,
(p=0.004), and healthy subjects, (p=0.0004). Ex vivo treatment of patients PBMC with
GM-CSF caused a significant up-regulation of HLA-DR expression, p=0.001. This was
also demonstrated in vitro using HL-60 cells. GM-CSF caused a significant up-regulation
of transcriptional regulation of HLA-DR, p =0.04, and induced the shedding of HLA-DR
from the surface in a dose dependant manner, p = 0.04.

In this study it was not possible to substantiate previous data regarding the
prognostic use of HLA-DR in sepsis. In the patients where HLA-DR expression was low,
ex vivo administration of GM-CSF was able to restore this expression, suggesting that
GM-CSF may have the potential as a therapeutic agent to restore the dysfunctional
monocyte. The mechanisms that may be responsible for low HLA-DR expression are at
the level of transcriptional and post-translational regulation and shedding from the
surface. These observations may have relevance to the advancement of successful
immunomodulatory therapy in septic patients.
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1.1 The Innate immune system

1.1.1 The mechanism of phagocytosis

The innate immune system is the first line of host defence against infection and
is a requirement for the generation of a specific immune response. The innate immune
system is a non-adaptive response to disease and includes, amongst other components,
mononuclear phagocytes. Mononuclear phagocytes (monocytes) are responsible for
ingesting and degrading large particles including infectious agents in order to present
them as antigens to the adaptive immune system. Phagocytosis is a complex cellular
event, defined as the ingestion of large particles and micro-organisms in an actin-based,
evolutionary conserved mechanism, and is generally preceded by recognition of
pathogen-associated molecular patterns. This involves the receptor, present on the host
cell, binding the complementary ligand on the invading organism. The ligand has a
conserved pattern that is unique to a specific receptor. These conserved patterns are
called pathogen-associated molecular patterns [PAMPs] (Franc ez al. 1999), and some of
the PAMPs of microbial origin are shown in Table 1.1. Upon binding, other events are
triggered including downstream phosphorylation events to initiate actin based
cytoskeletal alterations and membrane trafficking which leads to phagocytosis of the

particle (Allen and Aderem 1996).
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Pathogen-associated | Microbial antigen | Example of host
molecular patterns receptor
(PAMP)
LPS Gram-negative cell TLR4/CD14
wall component
Lipotechoic acid Gram-positive cell wall TLR2
component
Peptidoglycan Bacterial cell wall TLR2
component
Flagellin Motile bacteria TLRS
Zymosan Fungi TLR1/TLR2
Mannan Fungal cell wall Mannose receptor
Double stranded RNA Viral RNA TLR3

LPS: Tipopolysaccharide: TLR: toll like receptor.

Table 1.1: The microbial origins of PAMP and their recognition by host

receptors that participate in innate immunity. Adapted from Franc ez al. (1999).

The main receptors on phagocytes are the immunoglobulin Fc and the
complement receptors (C3), which bind ligands (immune proteins) on the surface of the
particle. Besides complement and immunoglobulin mediated phagocytosis, a CD14
dependent elimination of pathogens has been described (Grunwald et al. 1996: Le Roy
et al. 2001). The best characterised phagocytic receptors are the FcyRs (I, Il and I1I).
The main FcyR present on monocytes is CD64, the FeyRI. These receptors bind the Fc
portion of immunoglobulin. The process of attaching opsonins, such as IgG or
complement fragments, to microbial surfaces to target the microbes for phagocytosis is
termed opsonisation. Engagement of FcyRs by microbes coated in immunoglobulin or
immune complexes stimulates phagocytosis, the release of inflammatory mediators and

the generation of reactive oxygen intermediates (ROIs) (Pricop ef al. 1999). The




formation of circulating immune complexes is the physiological consequence of
antibody responses to different antigens including micro-organisms. Antigen —antibody
interaction may result in complexes of antigen crosslinked to antibody (Barrionuevo et
al. 2001).

The engagement of these host receptors (Fc and C3) leads to both phagocytosis,
as described later, and tyrosine based phosphorylation events, which cause activation of
the cell to release pro-inflammatory mediators and in turn cause endothelial activation
(Allen and Aderem 1996; Cox and Greenberg 2001). The production of pro-
inflammatory cytokines is specific to the ingested material, as phagocytosis of apoptotic
cells is associated with the production of anti-inflammatory cytokines, such as
transforming growth factor (TGF)-p.

Signalling through these PAMP receptors has been shown to be through
immunoreceptor tyrosine based activation motifs (ITAMs) (Crowley et al. 1997; Fitzer-
Attas et al. 2000). The involvement of ITAMS in FcyR signalling has been demonstrated
by mutational analysis (Cox and Greenberg 2001). In these experiments mutations in
either of the tyrosine residues resulted in reduction of transmembrane signalling and
phagocytosis (Cox and Greenberg 2001). Similar signalling events are thought to occur
with complement mediated phagocytosis as well as other receptor mediated
phagocytosis such as those listed in the Table 1.1

The protein kinase Syk has been proposed to have a role in these tyrosine based
phosphorylation events (Crowley ef al. 1997; Kedzierska et al. 2001). Activation of Syk
has been suggested to contribute to the phosphorylation of targets involved in
downstream biochemical processes, such as phosphatidyl inositol 2’ phosphate (PIP-2)

breakdown, phosphatidylinositol-3-kinase (PI-3 kinase) activation and the stimulation of

4



the mitogen-activated protein (MAP) kinase pathways (Crowley ez al. 1997) . This in
turn leads to cytoskeletal alteration by polymerisation of actin, and the regulation of
gene transcription for pro inflammatory cytokines (Strzelecka et al. 1997). In IgG
opsonised particles, Syk kinase is essential, however particles taken up by other
receptors do not absolutely require this tyrosine kinase, suggesting other kinases are
involved (Greenberg and Grinstein 2002). The precise function of Syk has not been
elucidated, and the body of literature implicates many protein kinases such as the Syk
family kinases in the signalling pathway, some of which seem to be vital, whereas as
the absence of others have shown to have no effect on the course of the signalling
pathway, such as some members of the Src family kinases. The initiation of the
inflammatory response, via protein kinases activitity may have a bearing on a patient’s
response to and resolution of infection and sepsis, and so the precise role of the protien

kinases involved in the response to microbial recogntion is important (Figure 1.1).
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Figure 1.1 The early signalling events in Fcy receptor mediated phagocytosis. The

tyrosine kinases become activated when receptors are clustered together, triggered by
the opsonised IgG coated particle (a), which then leads to the phosphorylation of
tyrosine residues within the ITAMs (b). This phosphorylated y subunit becomes a high

affinity binding site for Syk. Adapted from Greenberg (1995).



The recognition of the pathogen by a receptor initiates the formation of a
phagosome (a large vesicle containing the particulate material formed by enveloped cell
membrane), besides the intracellular signalling events described above. The phagosome
fuses with a lysosome where the contents of the phagosome are released and degraded
(Franc et al. 1999). Most of the products resulting from digestion of ingested material
are exocytosed and destroyed by the production of free radicals, but some peptide
products interact with Major Histocompatibility Complex (MHC) Class II and the
peptide antigen is presented on the cell surface to be recognised by CD4 positive T cells

leading to the generation of a specific immune response (Cheadle 1993) [Figure 1.2].
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Figure 1.2 A schematic overview of the events in phagocytosis. The particle, in this
case a bacterium, is recognised by a specific receptor which induces the phagocytic
events causing engulfment of the bacterium. The engulfed bacterium forms a phagosome
within the phagocyte, which then fuses with the lysosome to lead to digestion of the
bacterium and expression of antigenic peptides though MHC class II. Source from

www.bact.wisc.edu.



The process of successful phagocytosis is critical for innate immunity to
accomplish two major immune functions: firstly, to initiate a microbial death pathway,
by routing ingested pathogens to lysosomes, and secondly, phagocytosis directs antigens

to either MHC class I or II to be processed and presented on the cell surface.

1.1.2 Signalling through CD14 and Toll Like Receptors

Besides the recognition of microbial products by complement and Fcy receptors,
CD14 has been implicated in playing a significant role in host defence in response to
microbial pathogens (Heumann et al. 1998). It is a 55kDa glycoprotein attached to the
outer leaflet of the cell membrane by a glycosylphosphatidylinositol (GPI) anchor
(Figure 1.3), and is constitutively expressed on monocytes (Heinzelmann et al. 1996). A
soluble serum protein form of CD14 has also been identified, which lacks the GPI
anchor. These two forms can both bind endotoxin, however different responses can
result upon the binding of membrane and soluble forms of CD14 (Viriyakosol et al.

2000)
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Figure 1.3:  The structure of a glycophosphatidylinositol anchored protein. Etn,
ethanolamine; Man, mannose; GlcN, unacetylated glucosamine; Ins, inositol and P,
phosphate. The COOH terminal amino acid of the protein is linked to an ethanolamine
residue, which in turn is linked be a phosphodiester bond to a complex glycan moiety.

Adapted from Ropert and Gazzinelli (2000).



The prime initiator of gram negative sepsis and bacterial septic shock is
endotoxin, a lipopolysaccharide (LPS) component of the bacterial outer membrane
(Glauser et al. 1991). In monocytes, LPS internalisation is almost completely dependent
on the presence of CD14 (Le Roy et al. 2001). The engagement of the CD14 receptor
with the complex of LPS and a lipopolysaccharide binding protein (LBP) leads to cell
activation, LPS internalisation and also, as more recently identified, CD14 dependent
phagocytosis of Gram-negative bacteria (Le Roy et al. 2001). The CD14 molecule
however lacks a transmembrane domain and cannot directly participate in the signalling
process, but it is well documented that the complex of LPS-LBP to CD14 triggers
cellular activation (Figure 1.4), production of proinflammatory cytokines, oxygen
radicals, nitric oxide, tissue factors and in some instances anti-inflammatory cytokines
(Sweet and Hume 1996; Heumann et al. 1998). The exposure of cells to LPS has been
reported to initiate a number of phosphorylation cascades, involving MAP kinase, and

the NFkB activation pathway (Sweet and Hume 1996).
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Figure 1.4:  The complex of lipopolysaccharide (LPS) and LPS binding protein
(LBP), which is presented to the LPS receptor, CD14. Once the LPS is bound to the
ligand, CD14, the LPB is released to bind more LPS. The signalling through CD14 is

thought to happen via Toll like receptors.
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Various mechanisms of CD14 signal transduction have been proposed (Antal-
Szalmas 2000). As CD14 is unable to participate directly in signalling, an accessory
molecule has been proposed as a way of transmitting the signal into the cell (Triantafilou
and Triantafilou 2002). Another theory is that LPS itself can become integrated into the
membrane and can mimic the molecule ceramide (Wright and Kolesnick 1995).
Ceramide is a sphingolipid, generated by the degradation of the phospholipid
sphingomyelin and it acts as a second messenger molecule which initiates a select set of
intracellular events, via the stimulation of ceramide-activated protein kinase (CAPK)
(Wright and Kolesnick 1995). In support of this, the Lipid A structure of LPS is
structurally homologous to ceramide, raising the possibility that it could activate
ceramide-dependant enzymes (Wright and Kolesnick 1995). Furthermore, it has been
shown that LPS is recognised by the same intracellular molecules that recognise
ceramide and may provoke cellular responses by mimicking ceramide (Joseph et al.
1994). Adding to this, LPS has been demonstrated to activate CAPK activity within
seconds of stimulation, which was also shown to be enhanced by the presence of LBP,
and blocked by the presence of an antibody to CD14 (Joseph et al. 1994). However,
although this hypothesis has been suggested, more recent studies suggest that
downstream CD14 signalling events are initiated by a complex interaction of CD14 with
toll like receptors (TLRs) (Kaisho and Akira 2001; Triantafilou and Triantafilou 2002:
Underhill and Ozinsky 2002). Toll like receptors are pattern recognition receptors that
have a key role in detecting microbes and initiating inflammatory responses and a range
of TLRs have been implicated in the recognition of an array of microbial components
(O'Neill 2002). TLR4 has been identified as a receptor for the Gram-negative bacterial

LPS (Kaisho and Akira 2001).
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CD14 physically associates with a complex including TLR4 and an extracellular
accessory protein, MD-2. When the LPS-LPB complex is bound to the CD14 receptor,
the CD14 transfers this complex of LPS-LBP to the TLR4 where the signalling cascade
begins. One study has demonstrated that LPS comes in close proximity with TLR4 and
MD-2 only in the presence of CD14 (Kaisho and Akira 2001; O'Neill 2002).

Once this complex of LPS-LBP is transferred to the TLR4 the intracellular
domain forms a signalling complex as shown in Figure 1.5.

The TLR 2 and 6 can also interact with CD14 and the bacterial products,
lipoprotein, peptidoglycans and LPS (Underhill and Ozinsky 2002). To support this,
studies have demonstrated that the presence of CD14 is required along with the TLR to
confer stimulatory responses (Triantafilou and Triantafilou 2002). This interaction of
ligand plus LPS is transferred to the TLR that initiates downstream signalling events
which lead to NFkB and MAP kinase activation and the production of pro-inflammatory
cytokines (Underhill and Ozinsky 2002). Measurement of the levels of NFkB have been
postulated to be predictive of outcome in septic patients (Arnalich et al. 2000). In this
study, significantly higher levels of NFkB were found on admission in septic non-
survivors compared with septic survivors (Arnalich ef al. 2000). These levels also
correlated significantly with APACHE II scoring. (APACHE II scoring is a clinical

parameter use to determine prognosis, described in section 1.3.1).
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