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ABSTRACT

The N-formyl peptide receptor (FPR) present on neutrophils is of importance in
providing the host with a detection mechanism of broad specificity for invading
microorganisms and damaged tissue. The aim of this project was to develop an

accurate physiological model for the study of FPR.

Since neutrophils isolated from blood leukocytes are heterogelfpus, short lived and
terminally differentiated they do not make good models for the study of FPR. Hence,
the need for in vitro model systems. The current model used, the human leukaemic
cell line (HL-60), does not produce fully mature neutrophils. In contrast, the murine
pluripotent stem cell line (FDCP), can be fully differentiated to mature neutrophils.
This cell line was therefore chosen for the characterization and development of a

model system for the FPR.

A detailed study of cytokine-mediated differentiation was undertaken. Differentiated
FDCP cells, expressed FPR and showed cell adhesion and degranulation in
response to N-formyl peptides. The kinetics of the expressed murine FPR and the
efficacy of a number of synthetic N-formyl peptides was established. The peptide
formyl-Norleu-Leu-Phe-Norleu-Tyr-Lys bound with high and low affinity dissociation
constants of 3.7 and 22.6 nM, respectively. The number of receptors was estimated
to be 79 000 per cell with 25% being of high affinity. The differentiated FDCP cells,
neutrophils had low affinity binding for the peptide fMet-Leu-Phe as compared to
human and rabbit neutrophils. Attempts were first made to clone the human and
then the murine FPR gene. However, the putative genes were cloned by another
group before completion of this work. The muFPR gene, which was transcribed and
expressed in murine FDCP cells differentiated to neutrophils, was identified from six
putative genes by reverse transcriptase PCR. The time course of transcription was

consistent with the appearance of functional FPR during differentiation.
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1.1 Introduction

Neutrophils constitute the primary defense mechanism of the immune system. They
contain specific cell surface receptors for chemoattractants such as N-formyl
peptides (Williams et al., 1977). When these receptors are stimulated, a biological
response is induced via a G protein coupled mechanism. This includes chemotaxis,

lysosomal enzyme release, and superoxide anion production (Perez et al., 1992).

Chemoattractant receptors, of which the N-formyl peptide receptor (FPR) is one,
provide a means for the immune system to detect damaged tissue and microbial
infections. Neutrophils have chemoattractant receptors for a variety of ligands
including lipid derivatives, polypeptides and peptides. There are two classes of
chemoattractants: the classical chemoattractants and the chemoattractant cytokines
(chemokines). The classical chemoattractants are C5a, LTB, and PAF, as well as
FPR (Probst et al., 1992). The chemokines include interleukin-8 (IL-8), 'regulated
on activation, normal T-cell expressed and secreted' (RANTES) and monocyte

chemotactic proteins 1, 2 and 3 (MCP-1, -2, and 3).

Following tissue damage, FPR binds N-formyl peptides derived from either invading
microorganisms or from mitochondrial debrisresulting from tissue damage. FPR is
a 350 amino acids glycosylated membrane protein expressed by cells of myeloid
origin such as neutrophils, monocytes, macrophages and eosinophils (Boulay et al.,
1996a; Owen, Jr. etal., 1991; Koo et al., 1982). It is coupled to intracellular effectors
through guanine nucleotide regulatory proteins (G proteins) (Jacobs et al., 1995).
These G protein coupled receptors (GPCR) are modelled topologically to consist of

seven putative transmembrane spanning helices. This modelling is based not only
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on their hydropathy profiles, but also on their similarity to bacteriorhodopsin.
Bacteriorhodopsin was the first GPCR to be crystallized and its tertiary structure
elucidated (Engelman et al., 1980). The mammalian chemoattractant receptors
belong to a subgroup within the GPCR family. Chemoattractant receptors have low
overall amino acid homologies (25-35%) but mediate similar responses within
leukocytes namely chemotaxis, release of lysosomal enzymes, and oxidant

production.

During the course of this work the FPR gene has been cloned from human (Boulay
et al., 1990a), rabbit (Ye et al,, 1993) and murine (Gao and Murphy, 1993) cells.
Using the prototype N-formyl peptide fMLF as ligand, a comparison of FPR affinities
revealed two classes of receptors: high and low affinity (Gao and Murphy, 1993).
The human and rabbit FPRs belong to the high affinity class while the murine FPR

and human FPRL1 (a homologue of human FPR) belong to the low affinity class.

Neutrophils are primarily responsible for defense against invading microorganisms.
They are also the main cellular elements in acute inflammation, especially during the
early stages. When a chemoattractant receptor binds its ligand, it causes the cell to
migrate along the chemotactic gradient until it reaches the point of highest
chemoattractant concentration. The neutrophil produces and releases oxidant and
cytotoxic compounds (defensins) from intracellular granules (Lehrer et al., 1993).
Neutrophils also release digestive enzymes which can remove tissue debriy as well
as kill microorganisms. Defensins are peptides of 29-35 amino acid residues that
include six invariant cysteines which cyclize via their intramolecular bonds to form
a stable triple-stranded B-sheet configuration (Lehrer et al, 1993). Defensins

constitute 5% of total cellular protein in human and rabbit neutrophils but are not
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found in murine neutrophils (Matsuoka et al., 1993). They have a wide spectrum of

antimicrobial activity.

Neutrophils remain in the bone marrow for five days after fully maturing. From there
they circulate through out the body for approximately ten hours before entering the
tissues at sites of inflammation. This means that any neutrophils isolated from blood
are terminally differentiated and short lived. Circulating neutrophils are also
heteroger;?)us in density, cell surface antigens, and functional properties (surface
adherence, response to chemoattractants, aggregation and phagocytosis). This
heterogeneity may originate from distinct stem cells or reflect functional maturational
differences from a common stem cell line. Thus, blood neutrophils are not a good
model for the study of neutrophils or FPR. Therefore, this points to the need for in

vitro model systems (Polakis et al., 1988).

The human promyelocytic leukaemia cell line (HL-60) has been used as a model for
the study of FPR and other chemoattractant receptors (Perez et al., 1992; Boulay
et al., 1990a; Sham et al., 1995). HL-60 cells can be differentiated to neutrophils by
a variety of non-physiological agents (Polakis et al., 1988; Lubbert et al., 1991;
Collins, 1987) such as DMSO and dibutyryl cAMP (dbcAMP). This induces
production of neutrophil-like cells expressing FPR as well as other chemotactic
receptors (Chaplinski and Niedel, 1982; Perez et al., 1992). These neutrophil-like
cells have impaired functional characteristics, such as a deficient
myeloperoxidase/peroxide/halide system (Pullen and Hosking, 1985; Sham et al.,

1995).
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A murine pluripotent stem cell line (FDCP) has been established (Spooncer et al.,
1986) and shown to be capable of differentiation into different leukocytes. In
contrast to HL-60 cells, FDCP cells have a normal karyotype, are nonleukaemic, and
grow continuously in the presence of interleukin-3 (IL-3) (Crompton, 1991). IL-3 also
supports the development of lineage restricted myeloid progenitor cells such as
megakaryocytic, neutrophil/macrophage, erythroid, eosinophil and mast cells.
Granulocyte macrophage colony-stimulating factor (GM-CSF) and granulocyte-CSF
(G-CSF) support the further development of these cells into neutrophils, which is
analogous to the differentiation and development of neutrophils in vivo (Heyworth

et al., 1990a; Heyworth et al.,1990b).

Towards the understanding of the role of FPRs in neutrophil action, | will give a
description of chemoattractants and their receptors, the kinetics of ligand binding,
signal transduction, leukocyte migration, anti-microbial activity of neutrophils, and

the HL-60 and the FDCP cell lines.

1.2 Chemoattractants

A variety of chemotactic peptides and their receptors orchestrate the directed
migration of leukocytes to sites of inflammation. All chemoattractants are potent
stimuli for chemotaxis, induction of inflammation, activation of microbicidal
degranulation, and oxidant production of neutrophils (Oppenheim et al., 1991;

Hwang, 1990).
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Leukocyte accumulation is vital for wound healing and other immunologically
mediated functions. The analysis of the migration of leukocytes was not quantifiable
in vitro until the development of the Boyden chamber (Boyden, Jr., 1962). This is
a chemical gradient established across a microporous filter through which
leukocytes can migrate. The Boyden chamber also enabled the in vitro
characterization of a number of chemoattractants. Factors that act as
chemoattractants include lipid derivatives (Leukotreine B,, LTB, and Platelet
activating factor, PAF), polypeptides (activated fifth component of complement, C5a
and interleukin-8, IL-8), and peptides (N-formyl peptides). The activation of a
chemoattractant receptor by its ligand leads to cell accumulation at the site of injury
and production of cytotoxic products and chemoattractants such as IL-8 (Cassatella

et al.,, 1992).

Chemoattractants are divided into the classical chemoattractants and the

chemoattractant cytokines (chemokines).

1.2.1 Classical Chemoattractants

Classical chemoattractants include the N-formyl peptides, C5a, LTB,, and PAF.

1.2.1.1 N-formyl Peptides

In 1967 leukocytes were shown to chemotax towards products derived form bacteria
(Keller and Sorkin, 1967). Synthesised N-formyl peptides were also shown to have
this effect (Schiffmann et al., 1975). This led to the identification of a number of
peptides which were active at concentrations of approximately 0.1nM (Showell et al.,

1976). The formyl group was shown to be essential to the activity of N-formyl
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peptides. In addition, the presence of methionine in the first position resulted in the
most potent peptides. This is thought to be due to its effect on peptide conformation

and to specific receptor interactions (Prossnitz et al., 1995).

Prokaryotic proteins contain formylmethionine at their N-terminus. Eukaryotic
organisms have N-formylmethionine proteins only in their mitochondria which are
thought to have evolved from prokaryotic symbionts. The N-formyl group provides
a ready marker for the immune system to recognise prokaryotic infections or the
trauma-induced lysis of its own cells. Either event will release N-formyl peptides
which cause the chemotaxis of neutrophils and the activation of the immune

response.
The receptor on human polymorphonuclear phagocytes shows dissociation
constants of 0.53 and 24.4 nM (Koo et al., 1982). For other cell types and species,

differing values were obtained (see Table 1.1).

1.2.1.2 Activated fifth component of complement-C5a

The activated fifth component of complement (C5a) is a 74 amino acid glycoprotein
cleaved from the fifth component of complement (C5) during complement activation
(Quehenberger et al., 1992; Gerard and Gerard, 1994). The receptor was first
demonstrated on neutrophil cells by Chenoweth and co-workers (Chenoweth and
Hugli, 1978). Neutrophils were shown to have approximately 3 x 10° receptors per

cell with a dissociation constant of 2nM (Huey and Hugli, 1985).
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1.2.1.3 Platelet-Activating Factor

Platelets produce a group of acetyl-alkylglycerol ether analogs of
phosphotidylcholine (1-O-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine) called PAF.

This is a phospholipid chemoattractant and anaphylatoxin (Hwang, 1990).

1.2.1.4 Leukotriene B,

LTB, is a chemotactic lipid similar to PAF, and mainly acts on neutrophils. It is
produced by activated mast cells via the lipoxygenase pathway of arachidonic acid
metabolism. The receptor kinetics of LTB, resemble those of PAFR (Schepers et al.,

1992). Its receptor has yet to be cloned.

1.2.2 Chemoattractant Cytokines (Chemokines)

Since 1986 a superfamily of closely related and conserved cytokines have been
identified, cloned and sequenced. The chemokine superfamily consists of small (8-
10kDa), inducible, proinflammatory proteins that have a 20 - 50% homology at the
amino acid level (Oppenheim et al., 1991). They are divided into two groups: the -
chemokines and the B-chemokines (Kelvin et al., 1993; Baggiolini et al., 1994). This
division is based on the conserved cysteine residues, with the a-chemokines having
an intervening amino acid between the first and second of the four conserved
cysteines (C-X-C) and the B-chemokines having no intervening amino acid (C-C).
Fourteen distinct a-chemokines and twelve B-chemokines have been identified at
either the protein or at the cDNA level. Members of the a-chemokine subfamily
include interleukin 8 (IL-8), y-interferon-induced peptide (lp-10), epithelium-derived
neutrophil attractant 78 (ENA-78), macrophage inflammatory protein o (MIP-2a3).
The B-chemokine subfamily includes macrophage inflammatory protein 1o (MIP-

1), macrophage inflammatory protein 1B (MIP-1p), 'regulated on activation, normal
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T-cell expressed and secreted' (RANTES) and monocyte chemotactic proteins 1,

2, 3 (MCP-1, -2, -3) (Murphy, 1994).

1.3 Chemoattractant Receptors

The analysis of leukocyte chemoattractant receptors began with the use of
radiolabelled N-formyl peptides which were shown to bind specifically to cell surface
receptors (Williams et al., 1977). The sequences of the chemoattractant receptors
were established through the use of cloning strategies employing expression and
homology hybridization. Many receptor sequences have been established in this
way (Boulay et al., 1990b; Honda et al., 1991; Gerard and Gerard, 1991; Boulay et
al., 1991; Holmes et al., 1991; Murphy and Tiffany, 1991; Gao et al., 1993; Ye et al.,

1992).

Chemoattractant receptor genes have an unusual structural organization. They lack
introns within the open reading frame (ORF) but have at least one large intron
between the points of transcription and translation (Gao et al., 1993; Murphy et al.,
1993; Gerard et al., 1993; Mutoh et al., 1993). The IL-8 and C5a receptor genes are
on human chromosome 2 (Ahuja et al., 1992; Gerard et al., 1993), while the N-

formyl peptide receptor genes are on chromosome 19 (Gerard et al., 1993).

1.3.1 Predicted Structure of Chemoattractant Receptors

Hydropathy analysis of chemoattractant receptors shows that they contain seven
putative hydrophobic transmembrane domains (STR). These are conserved among
most members of this superfamily (Probst et al., 1992; Savarese and Fraser, 1992;

Baggiolini et al, 1994). A structural model of STRs has been proposed from
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statistical analyses of sequences in the hydrophobic domains and the known
structure of bacteriorhodopsin and rhodopsin (Savarese and Fraser, 1992; Baldwin,
1993). These include an extracellular amino-terminus (N-terminus); an intracellular
carboxy terminus (C-terminus); seven a-helical transmembrane-domains (TMD)
perpendicular to the plasma membrane and kinked in TMD I, IV, V, VI and VIl by
intrahelical prolines; three intracellular and extracellular connecting loops composed
of hydrophilic amino acids; and a disulphide bond linking cysteine residues in the

extracellular loops 1 and 2. Figure 1.1 shows the predicted structure of FPR.
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1.3.2 Features of Chemoattractant Receptors

There are no common motifs or residues that can be used to distinguish
chemoattractant receptors from other types of STRs. However, five consensus
features have been identified. These are as follows: the receptors are all
approximately 350 amino acids in length, which is among the shortest of the STRs;
they have approximately 20% overall amino acid identity to each other; their
intracellular loops are rich in basic amino acids and can be modelled to form cationic
a-helices (Savarese and Fraser, 1992; Murphy et al., 1992); their N-termini are
unusually acidic (Probst et al., 1992; Ahuja and Murphy, 1993) and their RNAs are
expressed in leukocytes. As in other members of the STR family, the N-terminus
contains sites for asparagine-linked glycosylation. The C-terminus contains many
serine and threonine residues which could be phosphorylated (Savarese and Fraser,

1992).

1.3.3 The N-Formyl Peptide Receptor Subfamily (FPR)

Over the period of this work three human, one rabbit and six murine FPRs have
been cloned and sequenced. They have an overall homology, at the amino acid

level, of 50-75% (see Appendix 1).

1.3.3.1 Human FPR

In 1990 two cDNA clones (fMLP-R98 and fMLP-R26) were isolated from a cDNA
library. This was constructed from mRNA isolated from neutrophil-like cells (Boulay
et al., 1990a). The latter were obtained by differentiating a human cell line (HL-60).
COS cells were _’Ez_qnferred with high affinity binding of N-formyl peptides when

transformed with these clones. The binding of ligand to the receptor caused

cytoskeletal reorganization and degranulation in heterologous cell types (Didsbury
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et al., 1992; Murphy and McDermott, 1991; Ali et al., 1993). This proved that these
cDNAs encoded a receptor which mediates the migration and cytotoxic
responses in neutrophils in response to N-formyl peptides. In 1993 another cDNA
clone of huFPR was isolated from the human leukemic cell line, U937 cells,

differentiated to neutrophils. This was designated UF1 (Haviland et al., 1993).

fMLP-R26 differs from fMLP-R98 in the following respects: the 5' untranslated region
(UTR) of fMLP-R98 showed a 16bp deletion at position -1 to -17 as compared to
fMLP-R26; the sequence also diverged in the 3' UTR, at position 1175 and 1219-
1220 (see Appendix 2); 3' UTR of fMLP-R98 was extended by 661bp as compared
to fMLP-R26. In the coding region there were two base substitutions C to G at
position 301, and C to A at position 1037, resulting in the replacement of Val'®' and

Glu®**® in fMLP-R26 by Leu'' and Ala®* in fMLP-R98.

UF1 had a combination of the variations found in fMLP-R98 and fMLP-R26. As
compared to fMLP-R98 and fMLP-R26, UF1 had an extra 16bp on the 5' UTR. UF1
was identical to fMLP-R26 in the 5' UTR, the nucleotide 301 (non-silent variation),
and was polyadenylated at the same nucleotide position. UF1 was identical to fMLP-
R98 at the nucleotide position 1037 (non-silent variation) and at position 1175 (base

pair deletion).

All the cDNAs encoded for a 350 amino acid polypeptide. The differences between
fMLP-R26, fMLP-R98 and UF1 were attributed to allelic variations, I differing

polyadenylation of the primary transcript (the additional 3' UTR of fMLP-R98), and
the alternative splicing of exon 2. This is because genomic and Southern mapping

data demonstrate a single-copy gene with no evidence for multiple coding exons.
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In 1992 De Nardin et al showed that there are no introns within the coding region of
the FPR gene (De Nardin et al., 1992). The variable splicing resulted in two mRNAs
species of 1.33 and 1.38 kb in HL-60 neutrophil-like cells and human monocytes

(Haviland et al., 1993; Murphy et al., 1993).

The gene symbol for FPR was designated FPR1 (Murphy et al., 1992) and the gene
product, huFPR. Figure 1.2 show the structural organization of the FPR17 gene. This
was found to be a single copy gene with no introns in the ORF. The structural
organization of the FPR1 gene was found to be approximately 6kb in length (Murphy
et al., 1993). The 5' UTR resides on three exons. The start sites for transcription and
translation are separated by approximately 5kb. FPR1 contains three Alu repeats,
one in each intron and a third in the 3' UTR. The promoter contains a non-
consensus TATA box and an inverted CCAAT element. Dibutyryl cAMP can induce
the differentiation of HL-60 cells to neutrophil-like cells. These differentiated cells
express huFPR. This means that FPR1 is transcribed. However, there is no cyclic
AMP response element within 450bp of the transcription start point. The presence
of exon 2 imparts the potential for the formation of stem-loop structures which could

effect mRNA stability.
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1.3.3.2 Human FPR Homoloques

In 1992, two research groups identified a homologue to huFPR, from cDNA libraries
constructed from HL-60 neutrophil mRNA. Ye and co-workers isolated a 1.65kb
cDNA having a 69% homology, at the amino acid level, to huFPR and encoding a
polypeptide of 351 amino acids (Ye et al., 1992). Murphy and co-workers isolated
a 2.6kb cDNA having a 69% homology, at the amino acid level, to huFPR and
encoding a polypeptide of 351 amino acids (Murphy et al., 1992). There are two
differences between the clones, an extra 733bp in the 5' UTR and 256bp in the 3'
UTR. The ORFs were identical. These two differences were attributed to allelic
variations and different polyadenylation of the primary transcript. This homologue
was designated FPRL1 and its gene FPRL1 (FPRL1 - human formyl peptide
receptor like-1). Two FPRL1 transcripts were detected in HL-60 differentiated to

neutrophil-like cells (2.6 and 3.5 kb) (Murphy et al., 1992; Durstin et al., 1994).

Through the screening of human genomic DNA with huFPR and FPRL1 probes
another putative gene, designated FPRL2, was identified. FPRL1 is expressed both
in neutrophils and monocytes, while FPRL2 transcripts have only been identified in
monocytes (Durstin et al.,, 1994). In the same year Bao and co-workers isolated
three human FPR clones from a human genomic library (Bao et al., 1992). They
sequenced these clones and designated them huFPR, FPRH1 and FPRH2; these
are in fact huFPR, FPRL1 and FPRL2, respectively. FPRL1 and FPRL2 have 69%
and 56% homology to huFPR, respectively. Gerard and co-workers showed that the

FPR genes cluster at chromosome 19q13.3 (Gerard et al., 1993).
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huFPR binds the N-formyl peptide, fMLF, with a high affinity (K, ~ 0.53 and 24.4 nM
(Koo et al., 1982). The FPRL1 receptor FPRL1R has a low affinity for fMLF (K, ~

430nM) (Ye et al., 1992). FPRL2 receptor FPRL2R does not bind fMLF.

1.3.3.3 Species variants of FPR

Table 1.1 gives a summary of the dissociation constants of FPR from different
species and cell types. Because of the different methodologies used to obtain
kinetic data, a direct comparison, of dissociation constants and receptor numbers,

cannot be made.
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Species and Assay Dissociation Receptors Reference
Cell Type Constant (k) per Cell
nM (10%®)

Human fMLF [*H] 10.0-22.3 55 (Williams et
(PMNs) al., 1977)
Human (M) fMLF [*H] 30.2 84 (Benyunes

and
Snyderman,
1984)
Human (M) fnLLFnLYK 1.7-2.7 10-18 (Weinberg
['*°1] et al., 1981)
Human fnLLFNLYK 1.0 120 (Niedel et
(PMNSs) '] al., 1979)
Human Transfected 430 - (Ye et al.,
(FPRL2) cells 1992)
Human Ca? 0.5 - (Gao and
(huFPR) (fMLF) Murphy,
1993)
Murine Chemotaxis 1000 - (Sasagawa
(PMNSs) (fMLF) et al., 1992)
Murine Ca* 100 - (Gao and
(muFPR) (fMLF) Murphy,
1993)
Rabbit fMLF [*H] 0.5-4.3 94 (Kermode et
(PMNs) al., 1991)
Rabbit fnLLF 1.5 100 (Aswanikum
(PMNs) ar et al.,
1977)

Table 1.1 Comparison of N-formyl peptide receptor kinetic data.

M represents monocytes. PMN represents polymorphonuclear neutrophils. fMLF
represents fMet-Leu-Phe. fnLLF represents fNle-Leu-Phe. fnLLFnLYK represents
fNle-Leu-Phe-Nle-Tyr-Lys.
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1.3.3.4 Rabbit

Rabbit FPR (rabFPR) has 78% homology, in the ORF to huFPR (Ye et al., 1993).
Two transcripts of 1.5 and 3 kb can be detected in rabbit neutrophils. rabFPR has

a high affinity for fMLF (K, ~ 4.3nM) (Kermode et al., 1991).

1.3.3.5 Murine

Six genes have been isolated from a murine genomic library. These have been
designated muFPR and muFPRL1-5. They have a 54-76% homology to huFPR
(Gao and Murphy, 1993; Murphy, 1994). muFPRL3 is a pseudogene. muFPRL1, 2,
4 and 5 have approximately 55% homology to huFPR. muFPR has 76% identity to
huFPR. All these lack introns within their ORFs. MuFPR has a low affinity for fMLF

(Gao and Murphy, 1993; Sasagawa et al., 1992).

1.3.4. FPR Structure/Function Analysis

Although the three-dimensional structure of FPR is not known, the use of sequence
comparisons (with other members of the GPCR family), biochemical, biophysical

and genetic analyses, have provided insights into the structure and function of FPR.

1.3.4.1 Ligand-binding Site

Receptor chimera studies (where individual domains of huFPR were exchanged with
those of human C5aR and of huFPRL1R) suggest that formation of the high affinity
binding site for fMLF involves the coordinated participation of all the extracellular
loops and adjacent portions of the TMDs of FPR (Gao and Murphy, 1993; Perez et
al., 1993; Quehenberger et al., 1993). Although the N-terminus was shown to be
unimportant in ligand binding as substitution with either the huC5aR or huFPRL1R

N-terminus had no great effect (Quehenberger et al, 1993), later experiments
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demonstrated that once the ligand had bound it caused a conformational change in
the receptor (Perez et al., 1994). This resulted in the N-terminus moving over the
ligand to form a lid over the binding pocket. Although the N-terminus appears to be

glycosylated (Malech et al., 1985), deglycosylation has no affect on ligand binding.

Using fluorescein-labelled N-formyl peptides, in conjunction with quenching and
antibody studies, Sklar and co-workers showed that the binding pocket is only big
enough to accommodate five amino acids (Fay et al., 1993). Once the fluorescein
labelled peptide has bound, it becomes quenched. This is thought to be through
protonation. The binding pocket is thought to be a hydrophobic subdomain involving
the TMDs, with the protonation being carried out by His90 located in the first

extracellular loop.

The principal sequence differences between the species and subtypes of FPR are
on the extracellular domains. This suggests that the receptors are coupled to the
same G proteins but bind to different ligands (Gao and Murphy, 1993). The
availability of the FPR variants provides a useful tool for refining the binding pocket

model using site-directed mutagenesis.

1.3.4.2 G protein-coupling Domain

The intracellular loops 2 and 3 are known to be important for G protein coupling for
many of the G Protein coupled receptors (Savarese and Fraser, 1992). Peptides
were synthesised to specific sites and used to probe the formation of physical
complexes between solubilized FPR and bovine brain Gio (Bommakanti et al.,
1993). These studies showed that the proximal portion of the C-terminus segment

of FPR binds Ga. Peptides corresponding to intracellular loops 2 and 3 and
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extracellular loop 2 were inactive. An anti-G,a antibody was prevented from binding
to Ga by peptides derived from the second intracellular loop and by a fusion protein
derived from the C-terminus of huFPR (Schreiber et al., 1994). A peptide derived
from the third intracellular loop did not block binding. When the basic amino acids
or the serines and threonines of the third intracellular loop were mutated, neither the
binding affinity nor signal transduction were significantly affected (Prossnitz et al.,
1993). It seems therefore, that unlike other STRs, the third intracellular loop is not
involved in the coupling of FPR to G proteins. Rather, it is the second intracellular

loop and the C-terminus that are involved in coupling.

1.3.5 The Genetic Organization of other Chemotactic Receptors

1.3.5.1 The C5a Receptor (C5aR)
The cDNA for the human C5a receptor (huC5aR) was cloned in 1991 (Gerard and

Gerard, 1991; Boulay et al., 1991), and that for the murine in 1992 (muC5aR)
(Gerard et al., 1992). MuC5aR has 65% homology to huC5aR. HuC5aR and huFPR
are approximately 34% identical and their mRNA distribution is very similar,
indicating that the genes may be coordinately regulated. There is only one huC5aR
gene but it has an unusual organization. As mentioned earlier, with a few exceptions
such as the tachykinin receptors which have multiple introns (Gerard et al., 1991b;
Gerard et al., 1991a), the majority of the STR superfamily are intronless within the
ORF (Libert et al., 1989). In the C5aR gene the initiating methionine codon is
separated from the single exon (exon 2) containing the rest of the coding region, by

an intron approximately 9kb in length (Gerard et al., 1993).
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1.3.5.2 The Platelet-Activating Receptor (PAFR)

Platelets produce a group of acetyl-alkylglycerol ether analogs of
phosphotidylcholine (1-O-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine) called PAF.
This is a phospholipid chemoattractant and anaphylatoxin (Hwang, 1990). The PAF
receptor cDNA was first cloned from a cDNA guinea pig lung library by expression
cloning (Honda et al.,, 1991). Guinea pig leukocytes contain three PAFR transcripts
of 2, 3, and 4 kb. These are also expressed in the spleen, lung, brain, liver, kidney
and heart. The human homologue is 83% identical to the guinea pig (Kunz et al.,

1992; Nakamura et al., 1991).

The gene structure of huPAFR matches that of the other chemoattractant receptors.
It is a single copy gene found on chromosome 1. It has an intronless ORF and two
differentially expressed 5' non-coding exons that have distinct initiation sites. The

gene is approximately 6kb in length (Mutoh et al., 1993; Chase et al., 1993).

1.3.5.3 The Leukotriene B, Receptor (LTB,)

LTB, is a chemotactic lipid similar to PAF. Its main effects are on neutrophils. It is
produced by activated mast cells via the lipoxygenase pathway of arachidonic acid
metabolism. There are approximately 2.7 x 10° receptors per cell for LTB, with
dissociation constants of 0.39nM (Goldman and Goetzl, 1982). The receptor kinetics
of LTB, resembles those of PAFR (Schepers et al., 1992) and the gene encoding

fot the receptor has yet to be cloned.
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1.4 Kinetics

With the development of complementary spectrofluorometric and flow cytometric
techniques, real-time analysis of the receptor in membrane preparations and whole
cells can be carried out. These approaches have been used to study ligand-receptor
and receptor-processing events in neutrophil membranes, permeabilized
neutrophils, and intact neutrophils. Kinetic studies show that ligand (L) binds to the
receptor at a diffusion limited rate and that the receptor (R) undergoes rapid
transitions involving three states. These are, ligand/receptor (LR), LR plus G-protein
(LRG), and a desensitised state (LRX) which forms in seconds. The spectroscopic
data suggest that the binding pocket can accommodate only up to five amino acids
and that the peptide becomes protonated upon binding. Protonation is thought to be

through His-90, putatively located in the first extracellular loop (Fay et al., 1993).

Pertussis toxin treatment of neutrophils disrupts the coupling between the
chemotactic receptor and the G proteins (Bokoch and Gilman, 1984). Ligand-
receptor interactions have a time-dependent heterogeneity. Within seconds of the
ligand binding to the receptor, the latter rapidly dissociates from the G protein (Sklar
et al., 1985a). To achieve a maximal respiratory burst, all the receptors have to be
activated (Sklar et al., 1985a), but only 15 receptors per cell need to be occupied to
achieve actin polymerization (Sklar et al, 1985b) and phosphatidylinositol
triphosphate production (Eberle et al., 1990). Cytoskele“;tal activation is maintained
at an occupancy of less then 1% while the respiratory burst begins to desensitise
at below 10% (Omann and Sklar, 1988). Thus, the cells are able to chemotax at low

chemoattractant concentrations and will only begin their respiratory burst when they
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reach the site of inflammation where the chemoattractants are at their highest

concentration.

1.4.1 Kinetics on Permeabilized Cells

For neutrophil activation, a ternary complex involving peptide ligands (L), receptors
(R), and G proteins (G) must assemble. If guanine nucleotide is present or G protein
is treated with pertussis toxin, there is rapid dissociation of the ligand/receptor
complex (LR) in approximately 5 seconds (Sklar et al., 1987). In the absence of G
protein and in the presence of ligand a slowly dissociating complex, in approximately
500 seconds, is detected. This is thought to be the ternary complex (LRG). Further
analysis of this ternary complex indicated that the dissociation occurs within 100
milliseconds. This is because the cell contains GTP levels of several hundred
micromolar (Posner et al., 1994). Therefore, once the ternary complex has formed,

the G protein is activated.

Equilibrium binding studies performed by cytometry showed that RG has two orders
of magnitude higher affinity than R for L. This is due to the difference in dissociation
rate constants as the association constants of RG and R are the same,
approximately 3 x 10’ M sec™. Once L has bound, LRG has a dissociation constant
of 1 x 10® sec’ as compared to LR's 1 x 10"'sec™ (Fay et al., 1991; Neubig and
Sklar, 1993). Analyses of the receptors indicated that approximately 50% are
coupled to G protein. The rest are slowly associating, to form LRG, with a half-time

of minutes (Posner et al., 1994).
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1.4.2 Kinetics on Intact Cells

The measurement of receptor dynamics in intact cells is far more difficult to interpret
because of receptor processing. Receptor processing includes desensitization of
membrane bound receptors, internalization, and up-regulation of receptors from
secretory granule stores. When the cell is stimulated with ligand, degranulation
increases receptor numbers by 30 000 per minute (Norgauer et al., 1991). This
creates a biphasic binding response. First, the receptors in the plasma membrane
bind ligand (30-60 seconds). Secondly, the newly up-regulated receptors bind ligand
(3-4 minutes). In the intact cell there are thought to be three different receptor forms
(Sklar et al., 1989), one of which is quickly dissociating (LR) and two of which are

slowly dissociating (LRX and LRG).

The slowly dissociating receptor form, found after activation at 37°C but prior to
internalization, is thought to be the desensitized receptor (LRX). LRX formation is
energy dependent, probably through ATP-dependent phosphorylation. It is probable
that LRX forms spontaneously. However, if energy metabolism is poisoned (adenine

and guanine nucleotide levels fall) LRG is trapped and so cannot convert to LRX.

The second slowly dissociating receptor form is the LRG. Conversion of LRG to LR

and G is mediated by guanine nucleotide.

By uncoupling the G protein from the receptor (pertussis toxin treatment) and
depleting energy levels (adenine and guanine nucleotide levels fall) rapidly

dissociating LR is formed.
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1.4.3 Whole Cell Model of Ligand-Receptor Interactions

Using the information provided by terary complex behaviour in permeabilized cells
and the identification of three distinct receptor forms from the intact cell studies, a
whole cell model of ligand-receptor interactions has been proposed by Sklar and co-

workers.

Receptor forms are interconverted rapidly, in the whole cell, giving rise very quickly,
to the desensitized receptor (LRX) (Sklar et al., 1989). In the early phase of ligand
binding a rapidly dissociating complex, similar to LR, forms. The formation of the
slowly desensitizing receptor LRX then follows and within only one minute, LRX can
be detected. Following a lag time of 30 seconds, LRX is internalized with a half-time
of 3 minutes. The receptors are either precoupled to G protein or are uncoupled
may couple slowly. The quaternary complex LRG=GTP forms at a rate of 10 per
second. The uncoupled receptor desensitizes (LRX) at a rate of 0.1 per second.
This is slowly dissociating and is subsequently internalized with the ligand still
bound. When the ligand binds to the receptor it causes a rapid increase in the
amount of active LRG. This reaches a maximum within tens of seconds and then
decreases. This is because the receptors become saturated over minutes. This is
mirrored in the stimulation of the cell. That is, cell responses are initiated within
seconds, reaching maximal levels within tens of seconds and then decreasing over
several minutes (Sklar et al., 1985a). This decrease is thought to be due to the loss

of the active form of the receptor. Figure 1.3 gives a summary of the kinetic data.

Studies with a- and B-adrenergic receptors (Cotecchia et al., 1990; Samama et al.,
1993) indicate that the model described above is not accurate with respect to the

question of receptor precoupling. It is thought that the unligated form of the receptor
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exists in an inactive state which has a low affinity for G protein. When the receptor
binds ligand it is activated through a conformational change creating a receptor with
high affinity for G protein (Perez et al., 1994). Only the active receptor can mediate
signal transduction events. Thus, the receptors may not be precoupled to G protein
but rapidly couple once ligand has bound to them. It has been proposed that the By
subunits of the G protein may act to keep the G protein close to the receptor and
that the Ga subunit will only interact with the receptor once the ligand has bound to

the receptor and converted it into the high affinity state (Prossnitz et al., 1995).
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L+R  L+RX
1 lT 5 TZ
L+RG == LRG = LR+G —— LRX -+ LRX
2 4 (internal)

1=3.0 x 10’ M Sec™! 4=1.0 x 102 Sec™
2=1.0x 10 Sec™ 5=1.0 x 10" Sec"!
3=1.0x 10" Sec™ =3.0 x 10 Sec™

Figure 1.3 Kinetics of N-formyl peptide binding to FPR.
L, ligand; G, G-protein; LR, ligand/receptor complex; LRG, LR plus G-protein,
LRX, desensitised ligand/receptor complex.
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1.5 Signal Transduction

Signal transduction is a multiple step process, where the primary signal is received
on the extemal surface of the cell and has to be converted into a cellular response.
The fact that, guanosine 5'-3-O-(thio)triphosphate (GTPyS) decreased the affinity
of N-formyl peptide for FPR (Snyderman et al., 1984) and that B. pertussis toxin
(ADP-ribosylates G,a subunits (Kaziro et al., 1991)) prevented cell activation by
ligand indicated that G protein was involved in the signal transduction of
chemoattractant receptors. In 1993 liganded huFPR was shown to couple to G;
protein (Schreiber et al., 1993; Goetzl et al., 1994). The receptor can send a signal

either through multiple G proteins which can activate multiple effectors or from a

single G protein which can also activate multiple effectors.

N-formyl peptide binding to FPR on neutrophils causes a number of effects including
¢ytoskeletal remodelling, shedding of selectin, and upregulation of adhesion
molecules, chemotaxis, granule secretion, and activation of NADPH oxidase. These
effects occur as the concentration of ligand increases. The model for signal
transduction in neutrophils is as follows. The receptor's affinity is increased by
conformational changes due to the binding of heterotrimeric G protein containing
bound GDP. In neutrophils the main G protein involved in signal transduction is
thought to be G.a2 and G,a3 (Murphy et al., 1987). When the receptor binds ligand
the GDP is exchanged for GTP, by the G protein a subunit, causing the dissociation

of a from the By subunits.

Three types of phospholipases are activated by chemoattractants, phospholipase

C (PLC), phospholipase A, (PLA,), and phospholipase D (PLD).
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Phosphatidylinositol-specific phospholipase C (PLC) is activated after G protein
activation, resulting in the accumulation of inositol 1,4,5,-trisphophate (IP,) and
diacylglycerol (DAG) (Kupper et al., 1992). IP, induces the release of Ca* from
intracellular stores (Pittet et al., 1992). DAG remains in the membrane activating
protein kinase C (Farago and Nishizuka, 1990). DAG is also produced by
phosphatidic acid produced when phosphatidylcholine is hydrolysed by
phospholipase D. The activation of PLC is believed to precede that of PLD. The By
subunits activate a phophoinositide-specific phospholipase C (PI-PLC) called

phospholipase Cg, (Dickenson et al., 1995).

1.5.1 Amplification

Studies using pulse stimulation and real-time analysis have shown that a single
receptor leads to 100 000 actin monomers polymerising and the production of 100
000 superoxide radicals (Sklar, 1986). These processes involve two distinct
pathways, although both use the pertussis toxin sensitive G protein. There appears
to be no amplification at this level, that is, one receptor activates only one Ga
subunit. In the presence of saturating ligand, B-adrenergic receptor stimulation leads
to the release of phosphate from GTP at the rate of 100 per minute per B-adrenergic

receptor while in the case of FPR this is 1 per minute per FPR (Mueller et al., 1991).

Amplification in the superoxide radical pathway is thought to arise when an activated
G protein activates a single phospholipase C to produce hundreds to thousands of
hydrolysed phosphatidyinositols (Sklar, 1986). This in turn leads to the release of
tens of thousands of free calcium ions, which activates large numbers of protein
kinase C and leads to the assembly of oxidative complexes giving the oxidative

burst. For the full activation of the respiratory burst calcium influx must be triggered
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by the ligand (Truett et al., 1988). There is enough signalling capacity to respond if
all the receptors are occupied. In the case of actin polymerization when a hundred
receptors are occupied the net capacity of the cells has been used up; that is ten
million actins. This pathway does not involve intracellular calcium but probably
phosphatidylinositol 3-kinase through the activated G-protein directly or indirectly
(Eberle et al., 1990). Figure 1.4 gives a schematic summary of the signalling

pathway.

This differential amplification reflects the physiological response of the neutrophil to
various concentrations of N-formyl peptides. That is, at low concentrations of N-
formyl peptide, and therefore low receptor occupancy, the actin response, thought
to mediate cell movement, is maximal. Where there is a high concentration of N-
formyl peptide, and therefore high receptor occupancy (near or at the site of
chemoattractant release), the respiratory burst and release of cytotoxic material is

maximal.
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1.6 Leukocyte Migration

Leukocytes are the primary agents in the body's defence system acting against
invading microorganisms (Weissman and Cooper, 1993). This system is divided into

the non-specific (granulocytes and macrophages) and the specific (lymphocytes).

In the non-specific system, granulocytes (neutrophils, eosinophils, and basophils)
destroy microorganisms by releasing cytotoxic compounds from their intracellular
granules and by phagocytosing them (Lehrer et al., 1993). Macrophages also

destroy microorganisms in this way.

The specific lymphoid system involves the antigen-specific cellularimmune defense.
B lymphocytes produce antibodies which bind to foreign organisms. Antibodies act
to destroy foreign organisms by the activation of either the complement system
(which perforates the membrane of the microorganism) or phagocytosis.
Phagocytosis is carried out by macrophages which have receptors for the antibodies

coating the microorganism (opsonization).

T lymphocytes act primarily by cell to cell contact. There are two main populations
of T lymphocytes. The first set destroys the cells (killer cells) which have foreign
antigens. The second coordinates the haemopoietic cells in the immune response

(helper cells) and causes the effector cells to multiply.

Leukocytes continuously circulate through the blood and lymphatic system. When
there is tissue damage and inflammation, leukocytes are recruited to the site. This

is highly specific (Butcher, 1991). This means that neutrophils selectively enter sites
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of acute inflammation or tissue damage, while eosinophils enter sites of allergic

reactions and parasitic infections.

To effectively survey and respond to infections, the cells of the immune system must
circulate. They do this in a non-adherent state (in the blood and lymph). When
activated they rapidly become adherent. Leukocyte migration and homing is a multi-
step process involving tethering/rolling, triggering, strong adhesion, and migration.
It also involves the interaction of leukocytes with the endothelium (Butcher, 1991;

Springer, 1994).

Leukocytes have the lowest blood flow rates when in the postcapillary venules. The
flow rate in these areas is reduced during inflammation because of vessel dilation.
Tethering is a loose and transient adhesion mediated by the selectin family of
adhesion molecules. (Carlos and Harlan, 1994; Kishimoto and Rothlein, 1994;
Lawrence et al., 1994). This tethering is not strong enough to hold the cells
permanently because of the shear forces generated by the blood flow. This gives

rise to rolling.

There are three selectins, named because of their lectin-like affinity for carbohydrate
bearing ligands. L-selectin is located on leukocytes, P-selectin and E-selectin on
stimulated endothelium. Histamine and thrombin up-regulate P-selectin from
intracellular stores. On the other hand, E-selectin upregulation requires de novo
protein synthesis. This is stimulated by interleukin 1 (IL-1) and tumour necrosis
factor-a (TNF-a). More than one selectin can be expressed by cells, thus fine tuning

the process.
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The tethering leads to cell-cell interactions (leukocytes and endothelium). These

interactions are a way of triggering the leukocytes.

Leukocytes respond to ligands on the endothelial cell surface activating strong
adhesion (activating integrins) in less than a second. The integrins are present on
circulating leukocytes but are not active. Chemokines and other chemotactic
molecules can trigger integrin activation. Chemokines are heparin-binding molecules
which can become associated with proteoglycans of endothelial cells. CD44 is a
prominent proteoglycan and is known to bind B-chemokine MIP-1B (Tanaka et al.,
1993). Thus, a rolling T lymphocyte will encounter it and respond by activating the
integrin a4f1 causing tight adhesion. Rolling leukocytes can be triggered by the
immunoglobulin superfamily adhesion molecule CD31. CD31 is found on endothelia,
monocytes, neutrophils and some T lymphocyte populations. Occupancy of CD31
by ligand leads to signal transduction followed by integrin activation (Shimizu et al.,

1992).

Once integrins have been activated they bind to members of the immunoglobulin
superfamily on the endothelial cells. The main integrins involved in this phase are
the B, CD11a/CD18, CD11b/CD18 and B, integrin very late antigen-4 (VLA-4)
(Carlos and Harlan, 1994; Kishimoto and Rothlein, 1994; Alon et al., 1995).
CD11a/CD18 and CD11b/CD18 interact with the intercellular adhesion molecule-1
(ICAM-1) and other endothelium ligands. VLA-4 binds to vascular cell adhesion
molecule-1 (VCAM-1) and to the matrix component fibronectin. There is an increase

in the numbers of ICAM-1 and VCAM-1 due to IL-1 and TNF-a induction.
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Once they have bound to the luminal side of the endothelium, leukocytes migrate
through the endothelium within minutes. When they have reached the
subendothelial basal membrane they are trapped by the extracellular matrix of the
basal membrane (Hourihan et al., 1993). Transmigration begins with the locomotion
of the adherent leukocyte to the endothelial cell-cell junction which it traverses by
a mechanism that involves homotypic binding between CD31 on leukocytes and on
endothelium (Muller et al., 1993; Berman and Muller, 1995; Bogen et al., 1994). The
leukocyte is thought to be guided across the endothelium and through the tissues
to its target by gradients of chemoattractants which are produced at the site of injury
(such és N-formyl peptides, LTB,, and PAF). At the inflammatory lesion the

leukocyte becomes activated to carry out its functions in host defence.

For the cell to be mobile it must form new adhesion contacts at the ‘front' while at
the 'back' these must be reduced. At least two mechanisms are thought to be
involved. First, the transient integrin activation. This is probably due to the rapid
decrease in the CD31 and other chemokine signals (Muller et al., 1993). Secondly,
shedding occurs. That is, L-selectin is shed from the cell surface of leukocyte after
they are activated (Kishimoto et al, 1989). In addition, it is thought that large
numbers of soluble adhesion molecules in the blood may reduce adhesion by
blocking adhesion ligands and modulating migration (Schleiffenbaum et al., 1992;

Gearing and Newman, 1993).

1.7 Antimicrobial Activity of Neutrophils

To fulfil its role in host defence against invading microorganisms, the neutrophil

contains many cytotoxic substances such as proteases and bactericidal substances,
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and it has the ability to assemble an electron transport chain (NADPH oxidase) that
is capable of generating large amounts of reactive oxygen species. This process
must be tightly controlled as the neutrophil is mobile and present in the entire
vascular bed. At sites of inflammation the cell adheres to the endothelium, and

migrates into tissue to phagocytose and kill invading microorganisms.

The neutrophil is equipped with many discrete granule subsets and vesicles. These
are mobilized in a strictly ordered process (Sengelov et al., 1993; Kjeldsen et al.,
1994a) which convert the neutrophil from a quiescent state into a highly active and

destructive state.

Secretory vesicles are scattered throughout the cytoplasm (Borregaard et al., 1987;
Borregaard et al., 1990) and are formed in the late stages of neutrophil development
in the bone marrow (Borregaard et al., 1993). They contain plasma proteins that are
exocytosed when the membrane of secretory vesicles fuses with the plasma
membrane (Borregaard et al., 1992). They are exocytosed by very low (nanomolar
range) concentrations of chemoattractants which do not mobilize granules
(Sengelov et al., 1993; Borregaard et al., 1994). These include N-formyl peptides,
PAF, IL-8 and LTB,. The vesicles also contain the N-formyl peptide receptor

(Sengelov et al., 1994) and CD11b/CD18 (Pizcueta and Luscinskas, 1994).

The secretory vesicles are the first to be mobilized in response to very low
concentration of chemoattractants. This results in mobilization of secretory vesicles
changing the neutrophil from a rolling, L-selectin presenting cell to a CD11b/CD18

presenting cell capable of adhering to ICAM-1 which is present on endothelium.
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Thus secretory vesicles are of importance in determining the interaction of

circulating neutrophils with endothelium.

There are two types of granules in neutrophils, the peroxidase positive granules,
also known as azurophil granules or primary granules, and the peroxidase-negative

granules, known as specific granules.

The peroxidase-negative granules are heterologous in their size and matrix content
varying from granules high in lactoferrin (specific granules) but lacking gelatinase
to granules containing both and to granules low in lactoferrin but high in gelatinase
(gelatinase granules) (Kjeldsen et al., 1993). In contrast the membranes are similar,
sharing CD11b/CD18, FPR and components of the NADPH oxidase system,
cytochrome b, (Plesner et al., 1994; Kjeldsen et al., 1994b). The heterogeneity of
the granule contents is probably due to controlled timing of biosynthesis of granule
proteins (Borregaard et al., 1995). Stimulation of neutrophils with N-formyl peptide
mobilizes these granules in a preferential way with the gelatinase granules mobilized
first, then the granules containing both, and finally the specific granules (Sengelov
et al., 1993; Kjeldsen et al., 1994a). This means that nanomolar concentrations of
N-formyl peptide may lead to the mobilization of 25% of total cell gelatinase but only
2-5% of total lactoferrin (Dewald et al., 1982). The gelatinase is probably important
in the migration of neutrophils through tissue as its preferred substrate, type IV
collagen, is the main constituent of basement membranes (Murphy et al., 1982).
Collagenase, which degrades interstitial type I-1ll collagens is located in specific

granules which are mobilized after gelatinase granules.
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When the neutrophil arrives at the site of inflammation it will have exocytosed 38%
of its gelatinase and 21% of its lactoferrin. In contrast, only 7% of its
myeloperoxidase will have been exocytosed. This is found in the peroxidase positive

granules.

Therefore, at the site of inflammation the neutrophils, the receptors for
phagocytosis, and NADPH oxidase components will be on the cell surface but the
azurophil granules containing bactericidal and proteolytic enzymes will be inside the

cell ready for fusion with phagocytic vacuoles containing ingested microorganisms.

1.7.1 Respiratory Burst

Neutrophils are able to deploy a group of highly reactive oxidizing agents, including
oxidized halogens, oxidizing radicals, and singlet oxygen. The precursor of these
oxidants is superoxide anion (O,) which is produced during the respiratory burst and
is catalysed by the enzyme NADPH oxidase (Borregaard et al., 1984; Borregaard,
1988). The NADPH oxidase is a membrane -associated electron transport chain
which catalyses the one-electron reduction of oxygen to O, at the expense of

NADPH (see Figure 1.5).

The oxidase has the following components. The two membrane-bound proteins
gp917™ and p22°"* make up the cytochrome b,,. and two cytosolic components
p67°* and p47°"*, These have been identified by the use of patients with chronic

granulomatous disease (CGD) (Chanock et al., 1994).
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1.8 Human Leukaemic (HL-60) Cells and Murine Pluripotent Stem Cells (FDCP)

Two cell lines were used for the study of FPR; HL-60 and FDCP.

1.8.1 Human Leukaemic (HL-60) Cells

HL-60 is a factor-independent cell line which can be induced to differentiate in vitro
to a number of different cell types (Collins et al., 1977; Gallagher et al., 1979). In
suspension culture, these cells have an unusually quick doubling time (36 to 48
hours). Most myeloid leukaemia cells, when cultured in suspension, proliferate for
a few cell divisions, then go into growth arrest and undergo cell death. It appears
that the surface expression of transferrin and insulin receptors is critical for the
proliferative capacity of HL-60. This is because these cells will proliferate in serum-
free nutrient containing transferrin and insulin (Breitman et al., 1980). Transferrin
and insulin receptor expression decreases as these cells are induced to differentiate
(Sutherland et al., 1981; Chaplinski et al., 1986). HL-60 cells are also thought to
produce colony-stimulating factors which act as autostimulators (Dittmann and
Petrides, 1991). HL-60 cells can be induced to differentiate into four general cell

types: granulocytes; monocytes; macrophage-like cells and eosinophils.

1.8.2 Pluripotent Stem Cells differentiation by cytokines

Cytokines are a family of glycosylated extracellular proteins which modulate
immunological, inflammatory and reparative host responses to injury. Many of these
cytokines are secreted during immunologic and inflammatory responses. They are
cellular signals that regulate local, and at times systemic, inflammatory responses.
They are not usually present in serum. They generally act on nearby cells or directly

on themselves. They modulate reactions of the host to foreign antigens or injurious
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agents by regulating the growth, mobility, and differentiation of leukocytes and other

cells.

Haematopoietic colony stimulating factors are cytokines that stimulate a limited
number of pluripotent stem cells. These are mainly found in the bone marrow and
can stimulate the production of large numbers of platelets, erythrocytes, neutrophils,
monocytes, macrophages, eosinophils, basophil/mast cells, and lymphocytes. Most
of these cells are short-lived in the blood. In vitro, the formation of mature cells from

pluripotent stem cells is supported by a number of cytokines.

Three growth factors are known to control the production of neutrophils. First,
interleukin 3 (IL-3), a multilineage stimulating factor which facilitates the survival and
stimulates the proliferation of stem cells, as well as the proliferation and
development of committed progenitor cells (neutrophil/macrophage, eosinophil,
erythroid, mast cell and megakaryotype lineages). Secondly, granulocyte-
macrophage colony stimulating factor (GM-CSF), a multilineage stimulating factor.
Unlike IL-3 it has a limited range (neutrophil/macrophage, eosinophil, and
megakaryotype lineages). Thirdly, granulocyte colony stimulating factor (G-CSF),

stimulates progenitor cell development to yield mature neutrophils.

1.8.3 Murine Pluripotent Stem Cells (FDCP)

FDCP cells are derived from long term marrow cultures. They have a normal
karyotype, are nonleukaemic, and grow continuously in the presence of interleukin-3
(IL-3) (Crompton, 1991). All stem cells from regenerating tissue are characterised

by their ability to undergo differentiation and by their potential for self renewal. In the
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haematopoietic system, the regulation of self renewal and differentiation of stem
cells is controlled by soluble growth factors leading to a variety of lineage restricted
progenitor cells. The production of haematopoietic growth factors occurs at multiple
sites in the body and by a variety of cell types. Their production is elevated by
immunological reactions and products of infectious agents which call for the

recruitment of white blood cells involved in host defense.

The optimum concentrations of cytokines for the differentiation of FDCP cells to
neutrophils is IL-3 (1 U.ml"), GM-CSF (50U.ml") and G-CSF (1000U.ml™") (Spooncer
et al, 1986). The cells produced with these cytokines show a mature
polymorphonuclear cell morphology as compared to the blast-cell like morphology
of the undifferentiated FDCP. Spooncer and co-workers using the oxidative burst
process normally seen in mature neutrophils, demonstrated that FDCP cells exhibit
a similar response (Spooncer et al., 1986). This indicated that neutrophils, produced
from differentiating FDCP cells, were functionally mature. In this study | confirm
these findings and expand them into other neutrophil characteristics and the study

of the FPR.

1.9 Aims of the Study

Neutrophils isolated from blood, are short lived and terminally differentiated. They
therefore do not make good models for the study of their function and FPR. This is
especially problematic with respect to gene expression. There is therefore a need
for in vitro model systems which mimic normal differentiation and lead to the

development of mature cells.
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The overall objective of the project is to develop a better model than the currently
used human promyelocytic leukaemia cell line (HL-60). When HL-60 cells are
differentiated to neutrophils they exhibit impaired cellular responses to N-formyl
peptides. The pluripotent murine cell line FDCP was chosen for the development of
an alternative and more accurate model of neutrophil function and in particular N-

formyl peptide mediated events.

The aims are therefore first to study the cytokine mediated differentiation process
in order to determine and optimise the conditions for producing mature neutrophils
which respond physiologically and reproducibly to N-formyl peptide stimulation.
Since this is a murine cell system the second objective is to study the kinetics and
specificity of murine FPR to different N-formyl peptides, and compare these to the

human and rabbit FPRs.

Another aim of this work is to extend the detailed characterisation of murine FPR to
the DNA level. To determine the sequence and the structural organisation of the

gene, PCR cloning and genomic library screening is to be carried out.

Given that FDCP cells may provide not only a model of mature neutrophils, but also
an in vitro system for studying cell differentiation in response to cytokines, a further
aim is to study the tissue-specific expression of FPR in order to determine the
identity of the major gene isoform and the time course of transcription during
differentiation. The genetic data could then be compared to the phenotypic

expression of FPR mediated functions.
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The data from this work will provide the basis for the rational design of experiments

to elucidate structural and functional relationships of FPR.
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CHAPTER 2

MATERIALS AND METHODS
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2.1. Materials and suppliers

Analytical grade chemicals were used in this study, and all solutions were prepared

using deionised water. Materials were obtained from the following suppliers:-

General laboratory reagents and equipment

BDH: BDH Laboratory Supplies Merck Ltd.,, Lutterworth,

Leicestershire.

SIGMA: Sigma Chemical Co. Ltd., Poole, Dorset.
WHATMAN: Whatman Scientific Ltd., Maidstone, Kent.
BRAIDWOOD

LABORATORIES Braidwood laboratories,Becenham,Kent BR3 1JJ.

Culture Media
GIBCO-BRL: Life Technologies Ltd., Renfrew Road, Paisley.
FLOW: ICN Biochemicals Ltd., High Wycombe, Buckinghamshire.

OXOID; Oxoid Ltd., Basingstoke, Hampshire.

Radiolabelled Compounds

AMERSHAM: Amersham International plc., Aylesbury, Buckinghamshire.

NEN: New England Nuclear Ltd., New Road, Southampton.

Molecular Biology Products

BOEHRINGER-
MANNHEIM Bell Lane, Lewis, East Sussex.
INVITROGEN: British Bio-technology Ltd., Abingdon, Oxon, OX14 3YS.

PHARMACIA: Pharmacia Biotech, Knowilhill, Milton Keynes.
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PROMEGA: Promega Ltd., Epsilon House, Southampton.
QIAGEN: Hybaid Ltd., Teddington, Middlesex.
NBL: Northumbria Biologicals Ltd., Cramlington, Northumberiand.

2.2. Tissue culture

The HL-60 cell line was donated by Dr. J. Cunningham, Department of Surgery,
Royal Free Hospital. The FDCP and WEHI-3b cell lines were donated by Lyn Healy,

Chester Beatty laboratories, ICRF.

2.2.1. Thawing and storing cells

2.2.1.1. Thawing cells

A vial was removed from liquid nitrogen and thaWed rapidly with gentle agitation in
a 37°C waterbath. The outside of the vial was quickly decontaminated with 70%
ethanol. Cells were placed into a 25 cm? flask containing 10ml of fresh complete
medium. After 24 hours incubation, the old medium was discarded and replaced
with fresh complete medium. All cells were maintained at 37° C, 5% CO,, 95%
humidity. After a maximum of 20 passages fresh cells were thawed from frozen

stocks.

2.2.1.2. Storing cells

Cells used for freezing were healthy log-phase cultures (>97% viability). They were
pelleted by centrifugation at 1,000 x g for 10 minutes and resuspended in fresh

complete medium at a density of 5 x 10° cells/ml. The cell suspension was diluted
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with an equal volume of fresh freezing medium 20% v/v dimethyl sulphoxide
(DMSO) in medium (horse serum; FDCP cells, complete medium; HL-60 and WEHI-
3b) to yield a final DMSO concentration of 10% v/v and maintained at 4°C. The
diluted cell suspension was then dispensed into 2ml aliquots. The cells were frozen
slowly by placing freezing vials in an insulated container at -20°C for one hour and

then at -70°C overnight. Finally, the cells were stored in liquid nitrogen.

2.2.1.3. HL-60

HL-60 cells were grown in suspension culture in RPMI 1640, supplemented with
2mM L-Glutamine, 1mM sodium pyruvate, penicillin (100U/ml), streptomycin
(100pg/ml), and 15% v/v heat inactivated foetal bovine serum. Density was

maintained between 5 x 10° and 10 x 10° cells/ml by subculturing every 2-3 days.

2.2.1.4. FDCP

FDCP-A4 cells were grown in suspension culture in Fishers medium, supplemented
with 10% v/v WEHI-3b conditioned medium as a source of IL-3, penicillin (100U/mi),
streptomycin (100ug/ml), and 20% v/v horse serum. Cells were subcultured every

2-3 days. The cells were maintained at a density of 5 - 50 x 10* cells/ml.

2.2.1.5. WEHI-3b

WEHI-3b cells were grown in McCoys medium, supplemented with penicillin
(100U/ml), streptomycin (100pg/ml), and 10% v/v foetal bovine serum. Cells were

subcultured every 2-3 days to a density of 5 x 10* cells/ml| (Heyworth et al.,1990b).
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2.2.1.6. Conditioned Medium

The supernatant medium of 6-7 day cultures WEHI-3b cells was collected. This was
then filter sterilized by passage through a 0.22pum filter. The supernatant was

aliquoted and stored at -20° C.

2.2.2.1. Differentiation of HL-60

HL-60 cells were differentiated with N°® 0% - dibutyryl adenosine 3' 5'-cyclic
monophosphate (0.6mM). 2 x 10° cells/ml were differentiated under the same

conditions used in culturing.

2.2.2.2. Differentiation of FDCP

The FDCP cells were differentiated in Iscoves medium supplemented with 20% v/v
foetal bovine serum, penicillin (100u/ml), and streptomycin (100pg/ml). 5 x 10*
cells/mi were differentiated with interleukin-3 (IL-3) (1U/ml), granulocyte macrophage
colony-stimulating factor (GM-CSF) (50U/ml), and granulocyte colony-stimulating

factor (1000U/ml). The control cells were grown in IL-3 (~1000U/ml).

2.2.2.3. Assay for cell type

Estimation of number of neutrophils was carried out by examination of Prodiff-
stained (Braidwood laboratories) preparations of cells by pelleting onto a glass slide
(cytospins). The proportion of neutrophils to total leukocytes was calculated by
reading the slide under transmitted bright field (x 50). Three slides were counted of

two hundred cells per slide. 80% of the cells were found to be neutrophils.

The percentage of functional neutrophils was estimated by determining the

presence of stained azurophilic granules and the formation of pseudopods in the
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presence of the N-formyl pepdied, fMet-Leu-Phe-Lys (fMLFK). The cells were
incubated in PBS, contaning fMLFK 50pM, for 15 minutes at 37°C, pelleted onto a
glass slide, and the percentage of cells containing black azurophilic granules was

counted.

Cell samples were taken at regular intervals, washed in PBS in 10ml tubes
centrifuged at 100 x g for 10 minutes, pelleted, and kept at -70°C to be used for
RNA isolation. Cells to be used in the binding experiments and the NBT assay were

washed in phosphate-buffered saline and then in binding assay buffer.

2.3.1 Physiological assay for differentiated cells - NBT Assay

Cells were incubated in an NBT (2,2'Di-p-nitrophenyl-5,5'-diphenyl-3,3'-[3,3'-
dimethoxy-4,4'diphenylene]-ditetrazolium chloride) mixture (pre-equilibrated at
37°C). The mixture contained NBT (0.01% w/v), fMet-Leu-Phe-Lys (fMLFK) 70uM
in binding assay buffer (400ul) to which 200! of cells were added (2-4 x 10°
cells/ml). The control had no fMLFK. This was then incubated at 37°C for 15 minutes
The cells were then placed at 4°C for 5 minutes and pelleted at 2000 rpm for 10
minutes at 4°C. The cells were then incubated with 750pl methanol (70% v/v) in
order to disrupt the cell membrane. The lysed cells were centrifuged to pellet the cell
granules. The pellet was resuspended in 300pl of potassium hydroxide (2M) and left
for 14 hours at room temperature to lyse the granules. The mixture was then
processed by the addition of 375pl Dimethylsulphoxide. The absorbance was then
measured at 620nm and 450nm. The measure of NBT reduction was calculated by
subtracting the 450nm value from the 620nm value. The value obtained from the

NBT assay with fMLFK was subtracted from the NBT assay without fMLFK to obtain
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the absorbance change due to the fMLFK. The absorbance values were calculated

for 1 x 10° cells.

2.4. Radioligand binding assays

2.4.1. Tritiated fMLF-[*H]-fMLF

The binding study was carried out using [*H]-fMLF (formylmethioine-leucine-
phenylalanine) (NEN). Cells were incubated for 90 minutes on ice with varying
concentrations of the radioligand. These were then pelleted and washed in Hanks
Balanced Salt solution. Scintillant was added and the radioactivity measured. Non-
specific binding was determined in the presence of a 1000 times excess of

uniabelled fMLF.

2.4.2. Radioiodination of a chemotactic peptide

Formyl-Nle-Leu-Phe-Nle-Tyr-Lys was iodinated with ['#I] to formyl-Nle-Leu-Phe-Nle-
2. Tyr-Lys (['®I}-fnLLFnLYK) by a modification of Niedel (Niedel et al., 1979).
Formyl-Nle-Leu-Phe-Nle-Tyr-Lys  (fnLLFnLYK) was dissolved in dry
dimethylformamide:triethylamine (99:1) to a final concentration of 1.0mM. This was
then diluted with methanol to 0.1mM. 10yl of the 0.1mM fnLLFnLYK (1nmol) was
added to 100pl of 250mM sodium phosphate, pH7.6, and to 2 to 3 mCi of carrier-
free ['*1], and to 10pl of 1.0mM chloramine-T (10nmol) in water and the reaction
was left for 10 minutes at room temperature. The reaction was terminated by the
addition of 100pl of 20% v/v glycerol in water. The mixture fractionated on a 15ml
Bio-Gel P-2 column equilibrated with 25mM NaOH. 70.4% of the peptide was

iodinated giving a specific activity of 1500-1700Ci.mmol.
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2.4.3. Thin layer chromatography

The ['®I]nLLFnLYK produced a single radioactive spot after thin layer
chromatography, with the following R values in the follwing solutions: in
chloroform:methanol:acetic acid (3:1:1) R= 0.7, chloroform:methanol:triethylamine
(5:2:1) R=0.18, and 1-butanol:acetic acid:water (4:1:1:) A= 0.65. The iodinated
peptide was neutralized with Na,PO, and diluted to 60nM with binding assay buffer
plus 0.1% w/v bovine serum albumin. The sample was then divided into  aliquots

and stored at -20°C.

2.4.4. Binding assay

The standard binding assay was carried out as follows: 2 x 10° cells were incubated
with 400fmol [***1]-fnLLFNLYK for 60 minutes at 4°C in 1ml of binding assay buffer
(15mM sodium phosphate, 123mM NaCl, 1mM CaCl,, 0.1% w/v bovine serum
albumin, pH 6.75) in a 4ml plastic tube. The binding was terminated by the addition
of 2ml of binding assay buffer at 4°C then whirly mixed and filtered through a 1.0uym
pore size filter (Millipore). The filtered cells were washed in 10ml of binding assay
buffer at 4°C and counted directly for ['**l]. Nonsaturable binding was defined as the
amount of ['®I]-fnLLFnNLYK bound in the presence of an excess of unlabelled
fnLLFnLYK (400pmoil). In this study binding will always refer to total binding minus
nonsaturable binding. Experiments were carried out at least three times and in

triplicate and the standard error of the mean was consistently less than +5%.

2.4.5. Calculations

The binding of ['**I]-fnLLFNLYK was used as a functional assay for FPR and was

measured essentially according to the methods described by Niedel (Niedel et al.,
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1979). The binding of ['®I]-fnLLFnLYK to FPR can be expressed by the following

equations:-
R+L~RL (1)
Ks =[R][L]/[RL] (2)
[Rlr = [RL] + [R] (3)
where R = Free FPR

L = Free ['®I]-FP
RL = Bound ['®*I]-FP
Ky = Dissociation constant

[R]; = Total FPR concentration

Substituting [R] in equation: (2) for [R], - [RL] gives:
Ke= [LIR]/[RL] - [LIIRL]/[RL]  (4)
Rearranging equation] (4) gives:

[RL]/[L] = [R]: / Ky - [RLI/ K, ()

At equilibrium [RL] / [L] can be measured experimentally as a ratio of bound to free

['®1]-nLLFnLYK (B/F). Thus equation (5) simplifies to:

' BIF = [R];/K,-B/K, (6)
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The most common graphical analysis method is the Scatchard plot of B/F against
F. For a single binding site model, the plot is a straight line with an intercept on the

B/F axis (when|B =0) of B/ K,, a slope of -1/K,, and an intercept on the F-axis of

[RL.

A curvilinear Scatchard plot indicates that there is more than one type of binding
site. By repeated substitution of estimated values on a trial and error basis the
theoretical curve which fits the experimental curve can be found. This is called the

iterative procedure and is usually carried out by computer.

2.5. Molecular biology techniques

The methods used in DNA work were essentially as described by Maniatis and co-
workers (Maniatis et al., 1982) with some modifications. Plasticware, glassware,
and media were routinely sterilized by autoclaving for 15-20 minutes at 121°C (15
pounds/inch?). Chemicals were either autoclaved or filter sterilized and the highest

grades available were used.

2.5.1. Genomic DNA extraction

Cells were pelleted, washed in phosphate buffered saline (PBS), and added to
50mM Tris.HCI pH 7.5, 10mM ethylenediamine tetra-acetic acid (EDTA) pH 8.0,
50mM NaCl and 2% v/v sodium dodecyl sulphate (SDS). Proteinase K was added
to the buffer to a final concentration of 150pg/ml and the specimens were incubated
at 37°C for 2-16 hours. The DNA was purified with half volumes of
phenol:chloroform mix (75% v/v phenol, 15% v/v chloroform, 0.05% v/iv 8-

hydroquinoline and equilibrated with 0.5M Tris.HCI pH 8.0) vortexed and centrifuged



Materials and Methods 74
at 13,000 rpm for 5 minutes and the supernatant retained. The supernatant was
added to an equal volume of a 25:224:1 (v:iviv) mixture of
phenol:chloroform:isoamylalcohol and centrifuged as before. Phenol:chloroform
extraction was repeated until no white proteinaceous material could be seen at the
interface. The DNA was precipitated by the addition of 0.2 volume of 3M sodium
acetate and 3 volumes 100% ethanol. The DNA precipitate was collected by
spooling with a pasteur pipette whose end had been sealed and shaped into a U.
The DNA was then washed twice with 70% v/v ethanol and resuspended in TE
(10mM Tris.HCI pH 8.0 and 1mM EDTA) and stored at 4°C. The concentration was

estimated and the solution diluted to 1mg/ml.

2.5.2. RNA isolation

Cells were washed in PBS pelleted and resuspended in GIT (4M guanidinium
thiocyanate, 0.1M Tris.HCI pH7.5 and 1% v/v B-mercaptoethanol). The cells were
lysed by sequetial passage through a 19, 23 and 25 gauge needle. Cells were then
layered on 0.8ml of 5.7M Caesium Chloride in Beckman centrifuge tubes. The tubes
were centrifuged for 3 hours at 55 000rpm at 20°C. The pellet of RNA was then
washed in ethanol (80% v/v), air dried and resuspended in water. The RNA was

then aliquoted and stored at -70°C.

2.5.3. Quantitation of Nucleic Acids (DNA/RNA)

DNA concentrations were accurately measured by spectrophotometric absorbance
readings of diluted DNA and RNA solutions at 260nm and 280nm. An absorbance
of 1.0 at 260nm was taken to be equivalent to a concentration of 50ug/mi for double-
stranded DNA, and 40pg/ml for single-stranded DNA and RNA. For oligonucleotides

(amplimers) an OD of 1 corresponds to ~20pg/ml. The purity of the preparations
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was estimated by the ratio of the absorbances at 260nm and 280nm. Pure DNA and

RNA preparations have an OD,,/OD., ratio of > 1.8 and 2.0, respectively.

Ethidium bromide fluorescence upon UV illumination (302nm) is directly proportional
to the amount of DNA in which it has intercalated. Therefore, a rapid and very
accurate method of double stranded DNA measurement is the visual comparison
of the intensity of DNA bands to the intensity of A molecular weight marker bands

containing a known amount of DNA.

2.5.4. Restriction of DNA

Restriction endonucleases type |l are DNases that recognize specific nucleotide
sequences. These enzymes cleave double-stranded DNAs and produce unique,
equal molar fragments of a DNA. The restriction reaction was typically composed
of the substrate DNA, and the desired restriction enzyme in its appropriate buffer.
This was incubated at the enxyme's( optimal temperature for one hour. Enzymes
were used at a concentration of 2 to 5 units per microgram of DNA. The enzyme
reactions were monitored by agarose gel electrophoresis. For genomic DNA 15ug
was digested and run on 0.7% w/v agarose gel. For plasmid DNA 1pg was usually

digested.

2.5.5. Agarose gel electrophoresis

Separation of DNA fragments, generated after restriction digestion, was achieved
by agarose gel electrophoresis, using a horizontal submarine gel apparatus (Bio-
Rad). Gel concentrations used were dependent on the size of the DNA fragments
to be analyzed and the degree of separation required. Most of the DNA fragments

used in this study for further manipulations were of such a size that they were
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usually resolved in agarose gels with concentrations between 0.7 and 1.0% w/v.
Gels were prepared by microwaving the required amount of agarose in 0.5 x TBE
(45mM Tris-borate buffer, 1ImM EDTA, pH 8.0). Ethidium bromide was added to the
melted agarose (cooled to 45°C) to a final concentration of 0.5 pg/ml. The agarose
was then poured into a gel former and allowed to set for approximately one hour at
room temperature. Prior to loading onto the gel, DNA samples were mixed with 0.1
volume of 10 x loading buffer (0.4% w/v bromophenol blue and 67% w/v glycerol in
0.5 x TBE buffer). Electrophoresis was typically carried out in 0.5 x TBE buffer at
a constant voltage of 60 to 100V for 20 to 60 minutes. Molecular weight markers
were provided by A DNA restricted with Hind lll, or Eco Rl, Bg/ Il or (0.5 to 23 kb).
DNA bands were visualized using a LKB UV transilluminator (2011 Macrovue) and

photographed using a Polaroid hand camera and Polaroid type 667 film.

2.5.6. Southern transfer

A Southem Blot technique was used in order to transfer, by capillary action, the DNA
onto a Hybond N+ filter. After the DNA fragments were run on a standard agarose
gel (usually 0.7% w/v), the gel was transferred to a glass baking dish and unused
areas trimmed away. The bottom left hand corner was also removed to orientate the
gel. The DNA in the gel was depurinated by constant agitation for 15 minutes in
250mM HCI. The DNA was then denatured over a period of 45 minutes by constant
agitation on a rotary platform while the gel was soaked with several volumes of 1.5M
sodium chloride and 0.5M sodium hydroxide. After this 45 minute period, the gel
was rinsed gently in deionised water and neutralised by soaking in several volumes
of a 1M Tris.HCI pH 7.4, 1.5M NaCl solution for 30 minutes on a rotary platform. A
support for the gel was then made by wrapping a piece of glass in a piece of

Whatman 3MM paper. The support was placed in a baking dish filled with transfer
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buffer (10 x SSC: Sodium citrate, 0.15M; soidum chloride, 1.5M; pH7.0). The filter
was presoaked in 2 x 8SC for 5 minutes. A corner was then cut from to orientate it
in rellation to the gel. The gel was inverted onto the 3MM papers on the support. Two
pieces of 3MM paper cut to the size of the gel were wetted in 2 x SSC and placed
on top of the filter. Paper towels were then placed on top of the 3MM papers and
weighed down to establish capillary flow from the reservoir, through the gel and onto
the filter. The transfer was left for 16 hours. The filter was then removed from the

apparatus and baked for 1 hour at 80°C to fix the DNA to the filter.

2.5.7. Radiolabelling of the probe

The probe used in the DNA hybridization experiments (Section 2.5.3) was prepared
according to the protdcol supplied with the Random Primed DNA labelling Kit
(Boehringer Mannheim). A sample (50ng) of the coding region of the FPR cDNA,
was first denatured by heating for 10 minutes at 100°C and then chilled at 4°C
immediately. To a 0.5 ml eppendorf tube on ice, the following reagents were added:
25ng of the denatured DNA, 3pl of dNTP mixture (dATP:dGTP:dTTP = 1:1:1), 2ul
of random hexanucleotides in 10 x reaction mixture (2 M N-[2-
hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid (HEPES), pH 6.6, 2mM Tris-HCI
pH 7.0, 0.1mM EDTA, 4mg/ml BSA), 5pl of [a-**P] dCTP (50uCi, 3,000 Ci/mmol),
sterile distilled water to yield a total volume of 19ul, and finally, 1pl of Klenow
enzyme (2 units). The mixture was incubated for 30 minutes at 37°C. The reaction
was terminated by heating at 65°C for 10 minutes. Non-incorporated [a-**P] dCTP
was removed by chromatography on Sephadex G-50. A 2ml syringe was filled with
sephadex G-50 and glass wool added to prevent leakage of the sephadex. The
resin was pre-equilibrated with 10mM TE (pH8.0). The syringe was centrifuged at

3000rpm for 5 minutes or until the sepharose had dried. The labelled probe was
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then loaded on the resin and an eppendorf used to collect the eluent which was

produced upon centrifugation at 3000rpm for 5 minutes.

2.5.8. Hybridization

The pre-hybridization buffer consisted of 0.5% w/v blocking agent (Amersham),
0.1% w/v SDS, 5% w/v dextran sulphate and 100pg/ml of denatured sheared
heterologous DNA (Salmon sperm). 0.25-0.125 ml/cm?® pre-hybridization buffer was

used.
The pre-hybridization was carried out at 65°C for two hours. The probe was added
and hybridization continued for a further 4 to 16 hours. The incubation was

continually rotated in a Hybaid oven.

2.5.9. Washing

Two washes of 15 minutes each with 5 x SSC (0.1% w/v SDS) followed by two
washes of 0.1 - 5 x SSC (0.1% w/v SDS), depending on the stringency required

were carried out. All washes were done at 65°C.

2.5.10. Detection

The filter was wrapped in cling film to prevent drying, placed in a film cassette
containing film, and left for varying time lengths depending on the signal strength of

the probe.
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2.6. Polymerase Chain Reaction

2.6.1. cDNA synethsis by reverse transcritptase

200ng of total RNA was reverse transcribed using an antisense amplimer. The
mixture consisted of: 1 x reaction buffer (25mM KClI, 4mM Tris-HCI pH8.4, 0.16mM
MgCl,, 2pg/ml BSA; 200uM dNTPs; 1puM antisense primer; 40 units of Rnasein;
3mM Dithiothreitol; 200ng total RNA; 800 units of AMV reverse transcriptase, in a
total volume of 50ul. The mixture was heated to 65°C for 20 minutes, then placed
at 4°C for 3 minutes, the enzyme added and, the mixture incubated at 42°C for 45

minutes.

2.6.2. Amplification of DNA by PCR

PCR was carried out on a hybaid thermal reactor using 25% of the reverse
transcribed material or approximately 100ng of genomic DNA. The following reaction
was set up in a mini-eppendorf to a final volume of 100pl: 1 x salt buffer (10mM Tris-
HCI pH 8.8, 50mM KCI, 1.5mM MgCl,, 0.1% v/v Triton X-100); 200uM dNTPs; 1uM
sense and 1pM antisense primer; DNA of varying concentration; 2.5U Taq
polymerase. Mineral oil was used to limit evaporation from the reaction mixture
(100p1). Thermal cycling consisted of 95°C for 4 minutes followed by thirty cycles of
90 seconds at 95°C, 90 seconds at 50°C, and 180 seconds at 72°C and a final

extension of 72°C for 7 minutes.

2.6.3. Optimization of PCR - MgCl,

The optimal concentration of magnesium ions required for the PCR system was
determined with a series of buffers containing increasing concentrations of MgCl,:

1.0mM, 1.5mM, 2.0mM, 2.5mM, 3.0mM, 3.5mM, 4.0mM, 4.5mM and 5.0 mM. The
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PCR was performed with murine genomic DNA (100ng) and was then analysed on
a 1.0% w/v agarose gel. The optimal MgCl, concentration for the set of primers was

established by visual inspection of the ethidium bromide stained gel.

2.6.4. Optimization of PCR - Amplimers

The primers were titrated to the following concentrations; 0.2uM, 0.4puM, 0.6pM,
0.8uM, 1.0pM, 1.2uM, 1.4uM, 1.6pM, 1.8uM and 2.0uyM. The PCR was performed
using the above primer concentrations and the same conditions as before. The
optimal primer concentration was determined by inspection of the PCR products on

a 1.0% w/v agarose ethidium bromide stained gel.

2.6.5. Optimization of PCR - Cycling

The cycling conditions of the PCR were varied to achieve optimal amplification of
the target DNA. The hybaid thermal cycler was programmed varying the denaturing,
annealing and extension times. The optimal PCR cycling conditions were
determined by inspection of the amplification patterns on a 1.0% w/v agarose

ethidium bromide stained gel.

2.6.6. Optimization of PCR - Sensitivity

The sensitivity of the PCR was determined using the titration of genomic or plasmid
DNA containing: 10, 10°, 10°, 104, 10 and 10 copies. The PCR was performed
under the conditions described above. The sensitivity was estimated by visual

inspection of a 1.0% w/v agarose gel stained with ethidium bromide.
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2.6.7 'Hot Start' PCR

'Hot start' PCﬂ prevents the extension of any primer/DNA complexes which form at
low temperatures, and are thus non-specific, (D'Aquila et al., 1991). 'Hot start' PCR
involves setting up a standard PCR reaction and omitting only the polymerase. The
reaction mixture is then heated to 95°C, for 5 minutes, and then cooled to 85°C and
the DNA polymerase added. The PCR then proceeds as normal. 'Hot start’' PCR was

used as a standard procedure.

2.7. Molecular cloning

2.7.1. DNA agarose gel purification

DNA was electrophoresed through 1% w/v low melting point gels at 50 Volts, so as
not to melt the gel. The DNA was visualized by UV light and the fragment of
amplified DNA excised from the gel using a scalpel. The gel slice was placed in a
1.5 ml microcentrifuge tube and 4 volumes of elution buffer (20mM Tris.HCI pH 8.0
and 1mM EDTA) were added. It was then heated to 65°C for 10 minutes. To
remove the agarose and other impurities 0.5 volume of phenol was added and the
temperature was kept at 65°C for a further minute, or until the agarose had melted
completely. The DNA was then purified as before by phenol extraction and once
with phenol:chloroform. The DNA was finally precipitated using 0.2 volumes of 4M
ammonium acetate with 2 volumes of 100% ethanol, washed in 70% v/v ethanol,

vacuum dried, and resuspended in 20pl of water.

2.7.2. Blunt ending DNA fragments

The 3' recessed termini created by digestion of DNA with restriction enzymes were

blunted by using the Klenow fragment of E. coli DNA polymerase |. The enzyme
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works quite well in most restriction enzyme buffers but, if necessary, DNA samples
can be resuspended in Klenow enzyme buffer (50mM Tris-HCI, pH 7.2, 10mM
MgSQ,, 0.1mM DTT). The Klenow polymerase (1 unit) was added to 20ul of DNA
fragment samples (0.1 to 0.5pg) containing all four deoxyribonucleoside
triphosphates (dNTPs) at 300uM and then incubated at 30°C for 30 minutes The
enzyme reaction was terminated by the addition of 2pl of 0.5M EDTA, followed by

either phenol:chloroform extraction or heat inactivation at 65°C for 10 minutes.

2.7.3.Dephosphorylation of vector 5' DNA ends

Removal of the 5' phosphate groups leaves a hydroxy terminus, preventing the
unwanted recircularisation of the linearised vector. The vector was
dephosphorylated to prevent the linearised vector from re-ligating: 28l vector
pUC19 (linearised with sma 1), 4pl 10x calf intestinal phosphatase buffer, 3pl calf
alkaline phosphatase (CIP), (5U/pl), and 5ul water. The reaction was carried out at
37°C for 60 minutes An additional 2yl of the CIP (5U/pl) was then added and the
reaction continued for another 60 minutes at 55°C. The vector DNA wa'.J‘i then purified

aS?described in Section 2.7.5.

2.7.4. Phosphorylation of 5' DNA fragments

The fragment to be inserted must be phosphorylated to allow it to ligate with the
dephosphorylated vector. The phosphorylation reaction was as follows:28ul of DNA,
4pl 10x kinase buffer, 1yl 50mM ATP, 2pl T4 kinase (5U/ml), 5pl water. The reaction
mix was left at 37°C for 45 minutes. The vector DNA wasithen purified as described |

in Section 2.7.5.
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2.7.5. Purification of DNA

Phenol extraction is a rapid method for purification of nucleic acids. The removal of
proteins was achieved by extracting aqueous solutions of nucleic acids with
phenol:chloroform and thenfwith 6h|oroform. This procedure also inactivates and
removes enzymes. Stocks of phenol equilibrated with Tris-HCI (pH8.0) contained
0.1% w/v 8-hydroxyquinoline as an antioxidant. Stocks of chloroform contained 4%
v/v isoamylalcohol. While the phenol and chloroform extracted lipids and denatured
proteins, the isoamylalcohol reduced foaming during the extraction and facilitated
the separation of the aqueous and organic phases. An equal volume of
phenol:chloroform (1:1) was added to a DNA preparation and mixed thoroughly by
vortexing. The mixture was then centrifuged to separate the phases at 12,000 x g
in a microfuge for 2 minutes. The top (aqueous) layer containing DNA was carefully
removed and re-extracted with chloroform as before. The recovery of nucleic acids

was then achieved by ethanol precipitation.

The ethanol precipitation was carried out by the addition of 0.1 volume of 3M sodium
acetate (pH 4.8) and 2 volumes of ethanol 100% v/v at -20°C. The mixture was
routinely held at -20°C for 30 minutes to 16 hours or -70°C for 15 to 20 minutes.
The precipitate was collected by centrifugation at 12,000 x g for 10 minutes in a
microfuge. The pellet was then washed with 70% v/v ethanol and dried either by
inversion for 20 minutes at room temperature or under vacuum for a few minutes.

Finally, the nucleic acids were dissolved in either TE or sterile distilled water.

2.7.6. Ligation

The PCR amplified DNA was ligated into the dephosphorylated vector pUC19 Sma

I/CIP (50pug) in 1 x ligation buffer (50mM Tris.HCI pH 7.6, 10mM dithiothreitol and
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500pg/ml bovine serum albumin), 1ul of 6mM ATP, and 2U of T4 DNA ligase, in a
final volume of 15pl. It was then incubated at 15°C for 24-48 hours. A control ligation

was also performed with no insert DNA.

2.7.7. Competent cell production

In order to introduce DNA into cells, competence was artificially induced in E. coli
cells (JM105) by treating them with calcium chloride prior to adding DNA. This was
performed as described by Maniatis and co-workers (Maniatis et al.,, 1982) with
some modifications. A single colony of E.coli (JM105) from a fresh plate was
inoculated into 10ml of LB and incubated at 37°C for 16-20 hours on a shaker. A
500pl aliquot was inoculated into 400ml of LB and incubated as above until the
absorbance of the solution at 550nm reached 0.2 OD units. The cells were pelleted
by centrifugation at 1700 x g for 15 minutes. The cells were then resuspended in ice
cold TFN buffer (10mM Tris.HCI pH8.0 and 50mM CacCl,) to a volume of 200ml and
incubated on ice for 20 minutes. The cells were pelleted as before then
resuspended in 20ml of TFN buffer and kept on ice. The competent JM105 cells
were dispensed in 400yl aliquots and snap frozen on dry ice before being stored at -

70°C.

2.7.8. Transformation

For transformation, up to 100ng of DNA in a volume of less than 10ul was added to
a 200yl aliquot of competent cells. After incubating on ice for 45 minutes with
occasional mixing every 15 minutes, the cells were heat-shocked at 42°C in a
circulating water bath for exactly 90 seconds and then immediately returned to an
ice bath and held for 60 seconds. A small volume (0.8 ml) of LB medium prewarmed

at 37°C was added to each tube and then incubated at 37°C, for 30 to 45 minutes



Materials and Methods 85
to allow the expression of the antibiotic resistance gene. Following incubation, 100pi
of the transformed cells were plated out onto prewarmed LB agar plates containing
ampicillin (100pg/ml) and grown overnight at 37°C. An aliquot of 100l was plated
onto agar plates containing 100pug/ml ampicillin and incubated at 37°C for 18-20
hours. The agar plates included 40pg/ml isopropyl-B-D-thiogalactopyranoside and
40pg/ml indolyl-B-D-galactosidase which enable the selection of E.coli colonies
containing a plasmid with insert DNA. This was done by visual inspection of the
plate as colonies containing the recombinant plasmid are white and wild-type
plasmid are blue. A control of pUC19 plasmid without insert was included in the
transformation. White colonies were inoculated in 10ml of LB containing 50ug

ampicillin for mini-preparation of plasmid DNA.

2.7.9. Plasmid DNA preparation by the alkaline lysis methods (Minipreps)

A tube containing 5 ml of LB (1% w/v bacto-tryptone (Oxoid), 0.5% w/v bacto-yeast
extract (Oxoid), 1.0% w/v NaCl, pH 7.0) medium was inoculated with a single -
bacterial colony from a freshly streaked LB plate and grown overnight at 37°C with
constant shaking. Appropriate antibiotics were present in the media and plates,
depending on the plasmids being prepared (e.g. 50-100 pg/ml of ampicillin).
Samples (1.5ml) of each overnight culture were then transferred to 1.5ml eppendorf
tubes and centrifuged at 6,000 x g in a microfuge for 30 seconds. The pellets were
each resuspended in 250pl of GET buffer (50mM glucose, 10mM EDTA, 25mM Tris-
HCI, pH 8.0) and incubated for 5 minutes on ice. The cells were then lysed by the
addition of 250yl of a solution of 0.2M NaOH, 1% w/v SDS and incubated for 5
minutes on ice. Neutralization was achieved by adding 200 pl of 3 M sodium
acetate (pH 4.8) and incubating on ice for 10 to 60 minutes. The precipitate of

cellular DNA and debris was removed by centrifugation at 12,000 x g for 10 minutes



Materials and Methods 86
in a microfuge. The supernatants containing plasmid DNA were transferred to fresh
1.5ml eppendorf tubes. To each supernatant was then added 0.9ml of cold ethanol,
followed by incubation at -20°C for 30 minutes or 15 minutes at -70°C to precipitate
nucleic acids. The precipitate was collected by centrifugation at 12,000 x g for 10
minutes and resuspended in 200pl of NE (0.3M sodium acetate, pH 7.0, 1mM
EDTA). After 15 minutes at room temperature, the suspension was vortexed and
extracted with a 1:1 phenol:chloroform mix. The sample was then re-precipitated by
the addition of 2 volumes of cold ethanol (100%). After incubation at -20°C or -70°C
as before, the plasmid DNA was pelleted by centrifugation at 12,000 x g for 10
minutes, washed with 70% v/v ethanol, dried and resuspended in 20 to 50 pl of TE
or sterile water, depending on the plasmid copy number. The plasmid DNA was

stored at -20°C.

DNA obtained by the alkaline lysis method also contained a large amount of RNA.
To remove this, the DNA was treated with the enzyme RNase A (Sigma) which had
been heated for 10 minutes at 100°C to inactivate any DNase activity. The RNase
A was added to a DNA preparation at a concentration of 50ug/ml and incubated for
30 to 60 minutes at 37°C. The reaction was terminated by phenol/chloroform
extraction and the DNA was recovered by ethanol precipitation. If the DNA was used
for monitoring restriction digestions, the RNase was simply added to the restriction

reactions and no further steps were required.

The recovery of plasmid DNA was verified by restriction enzyme digestion of
approximately 1ug of DNA, with 2U of Eco Rl endonuclease, 2U of Hind i
endonuclease and;visualization after electrophoresis and ethidium bromide staining

on a 0.7% w/v agarose gel.
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2.7.10. Dideoxy Sequencing

The plasmid DNA (3-5 pg) was denatured by the addition of Spl of 1M NaOH, 0.5M
EDTA in a final volume of 25ul and incubated at room temperature for 15 minutes.
The denatured template was purified by centrifugation through a sepharose CL-6B
column. The column was prepared by perforating a 0.5ml microcentrifuge tube with
a needle and adding glass beads (450-600 pm) to the bottom of the micocentrifuge
tube which was then filled with@}nharose CL-6B equilibrated in TE. The column was
placed into a 1.5ml microcentrifuge tube, also perforated with a needle, for support.
The microcentrifuge tubes were then placed in a 15ml centrifuge tube then the
whole column assembly centrifuged at 1,700 g for 4 minutes. The perforated 1.5ml
microcentrifuge was removed, and replaced with an intact one, and the plasmid

DNA was added to the column and centrifuged as before.

After purification, 8.5pl of denatured plasmid DNA was added to 1pl of 10 x TM
buffer (100mM MgCl,and 100mM Tris.HCI pH 8.4), 0.5pmol of forward and reverse
sequencing primers and then incubated at room temperature for 15 minutes. The
plasmid with the annealed primers was sequenced using the Sequenase Version
2.0 (USB, USA.) according to the manufacturer's instructions. Briefly, 10pl of
annealed template (plasmid DNA)-primer was added to 1pl of 10mM DTT, 2ul of
labelling nucleotide mix (1.5uM dGTP, 1.5uM dCTP, 1.5uM dTTP) at a 1:5 dilution,
0.5ul (5uCi) [a-*S] dATP, and 3 units of Sequenase enzyme (T7 DNA polymerase).
It was then incubated at room temperature for 4-5 minutes. The reactions were
terminated by adding 3.5yl of labelling reaction into each of 4 microcentrifuge tubes
containing 2.5ul of the appropriate dideoxy/deoxynucleotide mixes (each mix

contains 80uM dATP, 80uM dTTP, 80uM dCTP, 80uM dGTP and 50mM NaCl), then



Materials and Methods 88
replacing the relevant dNTP with: G mix 8uM ddGTP; A mix 8uM ddATP; T mix 8uM
ddTTP and the C mix 8uM ddCTP. Then these were incubated at 37°C for a further
5 minutes. The reaction was stopped by the addition of 4pl of formamide stop mix
(98% v/v deionized formamide, 10mM EDTA, 0.01% w/v bromophenol blue, 0.001%
w/v xylene cyanol). The sequencing reactions were heated to 95°C for 5-10 minutes

before being loaded onto a sequencing gel.

A 6% v/v polyacrylamide sequencing gel (10 x filtered TBE buffer, 50% w/v urea, 1/7
v/v volume of acrylamide mix (38% v/v acrylamide, 2% v/v N,N'-methylene
bisacrylamide)) was set with the addition of 1/100 volume of 10% w/v ammonium
persulphate and 1/500 volume of N,N,N',N'-tetramethylethylenediamine (TEMED).
The sequencing reactions were electrophoresed through the sequencing gel at 38-
40 Watts for a 50mi gel in 1 x TBE buffer for 2 hours. The gel was then fixed in 10%
v/v acetic acid for 30 minutes with occasional agitation, blotted dry onto 3MM filter
paper. The blotted gel and supponting filter-paper were transferred to a slab drier,
with vacuum pump, for 2-3 hours at 80°C. The dried gel was then exposed to X-ray
film for 18-48 hours and the sequence of the DNA read manually from the

developed autoradiograph with the aid of a light-box.

2.8 Colony screening

Bacteria were plated out on agar plates in the standard way. The plates were
incubated at 37°C for approximately 8 hours so that the colonies were visible
(0.5mm). Hybond-N+ disc membranes were marked (for orientation) and placed on
to the surface of the agar touching the colonies. The disc was then lifted and placed

on a fresh agar plate and incubated at 37°C. This was then repeated with a fresh
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disc. The colonies were grown to a diameter of 0.5mm and then one disc was

screened and the other kept at 4°C as a reference.

The DNA was fixed to the membrane by lifting it from the plate and placing it for 1
minute on two sheets of Whatman 3MM paper which had been saturated in 0.5M
NaOH. The disc was then transferred to a hybridization bottle contaning 5 x SSC.
This was then vigorously shaken to remove bacterial debri. The wash was repeated
a total of three times. The disc was then dried on 3MM paper and stored under

vacuum prior to hyridization (see Section 2.5.8).
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THE POTENTIAL OF FDCP TO DIFFERENTIATE

INTO NEUTROPHILS USING CYTOKINES
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3.1 Introduction

Neutrophils, isolated from blood, are short lived and terminally differentiated. This
makes them unsuitable for the study of differentiation and gene expression, hence

the need for in vitro model cell systems.

Human leukaemic cells (HL-60) are currently used for the study of differentiation and
in particular the study of neutrophil chemotactic receptors such as FPR, PAFR, IL-
8R and C5aR (Perez et al., 1992; Boulay et al., 1990a; Moser et al., 1993; Boulay
et al, 1991). This cell line is not an ideal system because of incomplete
differentiation to neutrophils. The objective of this particular study was to determine
whether murine pluripotent stem cells (FDCP) (Spooncer et al., 1986) could be
developed into a model system for the characterization of the neutrophil formyl
peptide receptor (FPR). Because the FDCP cell line is derived from stem cells it has

the potential to be fully differentiated in response to natural cytokines.

The HL-60 cell line was derived from a patient with acute promyelocytic leukaemia.
These cells grow continuously as myeloblasts and promyelocytes. In most cultures
approximately 5% of HL-60 cells exhibit spontaneous differentiation to
morphologically mature cells including myelocytes, metamyelocytes, and neutrophils
(Collins et al., 1977). By the addition of specific inducing agents, including polar-
planar compounds such as dimethyl sulphoxide (DMSO) and N° 02 - dibutyryl
adenosine 3' 5'-cyclic monophosphate (dbcAMP), this spontaneous differentiation
can be greatly increased so that most of the cells acquire morphological, functional,
enzymatic and surface membrane antigen characteristics of mature granulocytes

(Polakis et al., 1988; Lubbert et al, 1991; Collins, 1987). However, this
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differentiation is defective and incomplete. HL-60 cells exhibit a reduced nuclear-
cytoplasmic ratio, loss of nuclei, decreased azurophilic granules and morphologically
become metamyelocytes and banded neutrophils rather than fully differentiated
neutrophils. The differentiated cells also lack lactoferrin indicating that they are
deficient in secondary granules. Lactate dehydrogenase measurements indicate that
the differences between HL-60 and normal granulocytes are consistent with
incomplete differentiation (Pantazis et al., 1981). Differences are also present within
the myeloperoxidase/peroxide/halide killing system in HL-60 neutrophils (Pullen and
Hosking, 1985). Dibutyryl cAMP (dbcAMP) induces production of neutrophil-like cells
expressing FPR (Chaplinski and Niedel, 1982; Perez et al., 1992) as well as other
chemotactic receptors. HL-60 cells, when terminally differentiated to granulocytes
with retinoic acid and presumably other differentiating agents, die via programmed

cell death, apoptosis (Martin et al., 1990).

In contrast, FDCP cells are derived from long term marrow cultures. They have a
normal karyotype, are nonleukaemic, and grow continuously in the presence of
interleukin-3 (IL-3). All stem cells of regenerating tissue are characterised by their
ability to undergo differentiation and by their potential for self renewal. In the
haematopoietic system, the regulation of stem cell renewal and differentiation is
controlled by soluble growth factors leading to a variety of lineage restricted

progenitor cells.

The growth factors specifically involved in the differentiation of FDCP cells are
granulocyte macrophage colony-stimulating factor (GM-CSF) and granulocyte
colony-stimulating factor (G-CSF). FDCP grow continuously in vitro in the presence

of interleukin-3 (IL-3). Without IL-3 the cells apoptose (Crompton, 1991). In high
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concentrations of IL-3 the cells continue to grow but do not react to the presence of
other growth factors such as G-CSF and GM-CSF. This suggests that IL-3
modulates the receptors for other growth factors. Therefore IL-3, when used alone,
is a potent stimulus for the proliferation of stem cells but is a poor stimulus for their
differentiation. IL-3, at low concentrations, supports the development of lineage
restricted myeloid progenitor cells such as megakaryocytic, neutrophil/macrophage,
erythroid, eosinophil and mast cell. GM-CSF is a potent differentiation stimulus but
when acting alone, is a poor proliferation stimulus. Therefore, in order to obtain self-
renewal and differentiation, a low concentration of |L-3 with intermediate levels of
GM-CSF is required. G-CSF is neither a proliferation nor a differentiation stimulus
of any potency, but it can synergize with IL-3 and GM-CSF in these processes. The
optimum concentrations of growth factors for the differentiation of FDCP cells to
neutrophils is 1 U.ml" of IL-3, 50U.mI" of GM-CSF and 1000U.ml" of G-CSF
(Spooncer et al., 1986). The cells produced with these cytokines show an apparently
normal mature polymorphonuclear cell morphology compared to the promyelocyte
like morphology of the undifferentiated FDCP. Spooncer and co-workers using the
respiratory burst process normally seen in mature neutrophils demonstrated that
FDCP cells exhibit a similar response indicating the phenotype of differentiated
neutrophils (Spooncer et al., 1986). This study confirms these findings and extends

them into other neutrophil characteristics, in particular the FPR.

To justify the use of FDCP cells for the detailed characterization of FPR they must
be shown to be a better model system than the HL-60 cell line currently in use. This
is because FDCP cells are much harder to grow and maintain than HL-60 cells it is
important to establish whether enough differentiated cells can be obtained and

whether these cells exhibit the morphoiogy and physiology of mature neutrophils.
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Further, these cells should be reproducibly differentiated into neutrophils. Therefore
a comparison between differentiated HL-60 and FDCP differentiated neutrophils was

undertaken.

The respiratory burst in neutrophils is triggered by opsonized microorganisms and
high concentrations of chemotactic factors such as N-formyl peptides. These agents
act on specific receptors which transduce the signal across the cell membrane and
ultimately cause degranulation and the respiratory burst. The respiratory burst
involves the one-electron reduction of oxygen to superoxide anion (O,). This
reaction is catalysed by NADPH oxidase. These superoxideanions lead to the
production of reducing agents such as hydrogen peroxide, oxidized halogens and

superoxide and hydroxyl radicals (see Section 1.7.1, Figure 1.5).

Nitro blue tetrazolium (NBT) is a clear, yellow, water-soluble compound but when
reduced it precipitates to a deep blue dye called diformazan a (Collins et al., 1979)
(Figure 3.1). The reduction of NBT can be used to assay the respiratory burst in
response to biological factors in order to determine the maturation state of the

neutrophils.
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3.2 Culturing of FDCP and HL-60 cells

Growth studies were performed on HL-60 and FDCP cells to determine the seeding
density and frequency of subculturing for the optimal culturing conditions. This was
calculated by seeding flasks containing 20 ml of medium with various cell
concentrations (from 2 to 12 x 10*cells.mi™ for FDCP and 1 to 10 x 10*cells.mi™ for
HL-60 cells). As shown in Figure 3.2 the optimum seeding density for FDCP cells
was 12 x 10 cells.ml”, having a doubling time of 48-72 hours. All seeding densities
reach approximately the same density of 67 x 10* cells.mI"" except for celis seeded
at a density of 2 x 10* cells.ml”" which fail to grow. Therefore FDCP cultures were
regularly seeded at 12 x 10* cells.mI" and after 72-96 hours of growth were
subcultured. As Figure 3.3 shows, the doubling time of HL-60 cells was 24-36 hours.
All the cultures reached a similar density of approximately 40 x 10°cells.ml”. The
culture with the lowest seeding density (2 x 10* cells.ml™) failed to reach the same
cell density as that of the highest seeded culture (2 x 10° cells.mi™"). HL-60 cell
cultures were therefore regularly seeded at 1 x 10° cells.mI" and subcultured every

48-72 hours.
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3.3 Differentiation and proliferation of FDCP and HL-60 cells

To determine the optimum seeding densities of cells grown under differentiating
conditions, several flasks were seeded at densities from 2.5-7.5 x 10* cells.ml™ in
the presence of 1U.ml" of IL-3, 50U.mlI"* of GM-CSF and 1000U.ml" of G-CSF.
These cytokine concentrations had previously been reported to produce the
maximum number of mature neutrophils (Spooncer et al., 1986). Figure 3.4 shows
the effect of differentiating agents on FDCP cell growth. All seeding densities
reached a similar cell density of approximately 35 x 10* cells.ml™* except for cells
seeded at a density of 2.5 x 10*cells.ml™ which failed to proliferate. As the stationary
phase was reached after 6-7 days in culture, it was decided that the seeding density
of 7.5 x 10*cells.ml" was optimal. HL-60 cells have been studied extensively in the
past and the optimum concentration of dbcAMP is 0.5mM with a cell density of 0.5 -

1.0 x 10° cells.ml" (Chaplinski and Niedel, 1982).
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3.4.1 Functional characterization of differentiated FDCP and HL-60 cells

The morphology of the differentiated cells can be established by carrying out glass

adherence and enzyme assays which are present only in neutrophils.

3.4.2 Functional assays - the respiratory burst

An estimate of the number of neutrophils was made by staining differentiated cells
with Prodiff. By measuring the number of black azurophilic granules in the
neutrophils, in response to N-formyl peptide stimulation of NBT reduction, the
number of neutrophils that were functionally active could be estimated. As Figures
3.5 and 3.6 show the proportion of cells which were neutrophils and promyelocytes
in differentiating FDCP and HL-60 cultures, respectively. The values are represented
as a percentage of the maximum reached. After six days 79.4% of FDCP cells were
functioning as neutrophils. On day seven this rose to 84.5%, but the overall number
of cells had dropped. Figure 3.6 shows that 74% of HL-60 cells were functioning as
neutrophils and this rose to 78.4% after five days. But again the total number of cells

fell.
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3.4.3 Proliferation assay

It was important to know the effect of cytokines on the proliferation of the cells as
there is a direct relationship between proliferation and differentiation, proliferation
stops when differentiation begins. As Figure 3.7 shows the effect of cytokines on the
growth of FDCP cultures. In the absence of any cytokines (A) or in the presence of
1000U.mI" G-CSF (E) the cells did not proliferate and after seven days there was
only cellular debris.50U.mI" of GM-CSF (D) alone gave a 1.7 fold increase in cell
number. 1U.ml" of IL-3 (C) gave a 1.3 fold increase in cell numbers. 50U.mlI™ of GM-
CSF and 1U.ml" IL-3 (F) caused a three fold increase in cell number. 1U.ml" of IL-3,
50U.ml" of GM-CSF and 1000U.mlI" of G-CSF (G) acting together, gave an almost
five fold increase in cell number. 100U.ml" of IL-3 (B) alone gave a nine fold
increase in cell number. Figure 3.8 shows the percentage of FDCP cells which were
functioning as neutrophils in response to various cytokine concentrations and
combinations. As can be seen from this figure, in the absence of cytokines and the
presence of G-CSF alone no cells were present after seven days. Only cellular debris
were present. IL-3. at concentrations of both 1U.mlI"* and 100U.ml", gave rise to a
population of undifferentiated cells. GM-CSF alone produced 83% neutrophil cells
but when acting with 1U.ml" of IL-3 this dropped to 52%. 1U.ml" of IL-3, 50U.ml"

of GM-CSF and 1000U.ml" of G-CSF together gave 85% neutrophils.
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3.4.4 Adherence assay

To further characterise differentiation, the presence of adhesion molecules and actin
polymerization were studied indirectly. A glass adherence assay is a quick and
simple way to establish whether a cell has adhesion and chemotactic properties
(Figure 3.9). A number of cells incubated on a cover slip fo':r 15 minutes at 37°C, with
N-formyl peptide (fMLFK), and their ability to spread was measured. A maximum
number of HL-60 and FDCP cells spread on the cover slip after four and six days

differentiation, respectively.

3.4.5 Quantitation of respiratory burst

As a measure of the functional activity of the respiratory system in neutrophils the
reduction of NBT was only qualitative. This gave no information on the strength of
the respiratory burst. Therefore, a quantitative assay was developed which involved
the extraction and measurement of blue formazan. The NBT reduction assay was
quantified for four day differentiated HL-60 and six day differentiated FDCP cells.
It was found that the differentiated FDCP(D) and HL-60(D) cells produced a 323%
and 267 % stimulation, respectively. These numbers were obtained by comparing
the amount of NBT reduction in the presence and absence of the N-formyl peptide
(fMLFK). The non-differentiated FDCP(ND) and HL-60 (ND) show a 75% and 97%
stimulation, respectively with fMLFK as compared to cells without fMLFK (Figure
3.10). Figure 3.11 shows that FDCP cells had a 100 fold greater respiratory burst

response than HL-60 cells.
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3.4.6 Dose-response assay

To determine whether the chemotactic peptide produces a true biological respiratory
burst response via a cell receptor mediated pathway, the peptide must act in a
specific and saturable manner. Figure 3.12 shows that fMLFK caused a
concentration dependent and saturable stimulation response in both FDCP and HL-
60 differentiated cells, with 50% effective concentrations (EC,,) of 56.0nM and

700.0nM, respectively.

























































































































































































































































































































































































































































