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ABB IONS

CcAMP cyclic adenosine monophosphate

AA arachidonic acid

AET 2-amino ethyl isothiouronium bromide
hydrochloride

AML acute myeloid leukaenmia

ANLL acute non lymphoid leukaemia

BSA bovine serum albumin

CCCP carbonyl cyanide m-chlorophenylhydrazone

CD cluster of differentiation

CL chemiluminescence

CML chronic myeloid leukaemia

CMML chronic.myelomonocytic leukaemia

cpm counts per minute

Co Cyclooxygenase

C5a fifth complement component

DAG diacylglycerol

DMSO dimethyl sulphoxide

FACS fluorescence activated cell sorter
FCs foetal calf serum

FITC fluoresceine isothiocyanate

FoR Receptor for Fg

FL1 & 2 Fluorescence measured on channel 1 or 2
of analyser

FMLP formyl-methionyl-leucyl-phenylalanine

GMCSF granulocyte macrophage colony stimulating factor
GTP guanosine triphosphate

Ig Immunoglobulin

IPq inositol triphosphate
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ABBREVIATIONS
INF interferon
Ky Affinity constant
Lo Lipoxygenase

LDara-C Low dose cytosine arabinoside

LTB, leukotriene B,
MoAb monoclonal antibody
MDS myelodysplasia

NADPH nicotinamide adenine dinucleotide phosphate

PA phosphatidic acid
PAF platelet activating factor
PB peripheral blood
PBM peripheral blood mononuclear cells
PBS phosphate buffered saline

PIP, phosphatidyl, 4,5 biphosphate

PLA, phospholipase A,

PLC phospholipase C

PLD phospholipase D

PKA protein kinase A

PKC protein kinase C

PMA phorbol myristate acetate

RA refractory anaemia

RArs refractory anaemia and ring sideroblasts

RAEB refractory anaemia with excess blasts

RAEB refractory anaemia with excess blasts in
transformation

SD standard deviation

SE(M) standard error (of mean)
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ABSTRACT

Functional abnormalities in the neutrophils of
patients with both myelodysplasia and chronic myeloid
leukaemia have been widely reported. Atypical membrane
phenotype has also been described in both malignancies. As
it is clear that specific PMN membrane receptors are
important in initiating cellular response it therefore
seemed feasible that changes in certain membrane structures
might predict for neutrophil dysfunction. This hypothesis
was investigated in both CML and MDS. Alterations in
expression of functionally relevant membrane antigens were
detected by the binding of monoclonal antibodies, while PMN
chemiluminescence was employed as a probe of neutrophil
activation induced by a variety of soluble and particulate
stimuli.

A group of patients was identified in which the PMN
showed abnormal oxidase activation in response to the
chemoattractant FMLP. The binding of FMLP to the defective
neutrophils was shown to be similar to that of control PMN
by using a radio-ligand binding assay. Thus preliminary
studies of signal transduction in response to FMLP were
implemented in an attempt to localise the site of the
defect. These studies included the analysis of calcium
mobilisation and arachidonic acid metabolism in FMLP
induced neutrophil activation.

The functional heterogeneity demonstrated by PMN has
long been reported to correlate with heterogeneity in the
expression of Fp receptors. Similarly the expression of an
antigen detected by MoAb 31D8 has been shown to be an
important determinant of neutrophil responsiveness to the
chemoattractant FMLP. Recently reported studies
demonstrated that FcRIII is shed by the action of a
phosphatidylinositol specific phospholipase C. The data
within this thesis demonstrates that 31D8 expression
parallels closely the expression of FcRIII in the PMN from
both normal individuals and in the CML and MDS patients
studied. The effect of cellular activation and specific
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enzymes on 31D8 expression was investigated to examine the
hypothesis that neutrophil heterogeneity is the result of
phospholipid linked antigen release.

The capacity of the cytokine, GMCSF to correct PMN
abnormalities in MDS is of current interest as is the
mechanism/s by which it alters cellular response. The
effect of GMCSF on in vitro PMN chemiluminescence and
antigen expression was studied and maintenance of PMN
phenotype seemed at least in part to require de novo
protein synthesis.

GMCSF has also been shown to stimulate myeloid
progenitor proliferation, however it is uncertain whether
this effect is of benefit in MDS. The possible
acceleration of certain patients with MDS towards AML while
undergoing treatment with GMCSF has given cause for great
concern. However alteration in the GMCSF molecule may
allow the dissociation of possible beneficial effects on
PMN from the proliferative effects on progenitor cells.
This area is examined by detecting the effects of various
GMCSF analogues on normal and MDS neutrophils and myeloid
progenitors.

In addition, the ex vivo alteration in neutrophil
phenotype and function was monitored during in vivo
treatment of MDS patients with a combination of GMCSF and
cytosine arabinoside.
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GENERAIL. TINTRODUCTION

Structure

The mature neutrophil has a distinctive multilobed
nucleus and an abundance of cytoplasmic granules (Table
I) which are classified according to their enzyme
content and the stage of cellular differentiation with
which they are associated. Azurophil granules form at
the promyelocyte stage and are the peroxidase positive
stores for degradative enzymes, cationic proteins and
acid hydrolases. Specific granules form at the
myelocyte stage and are smaller but more numerous than
azurophil granules. They appear to contain stores of
receptors for specific neutrophil agonists. A third
class of granule; the tertiary granule has been
described. Morphologically, the tertiary granule is
similar to the specific granule and is mobilised to the
cell surface on mild stimulation. Some of the functions
of the specific granules may be properties of the
tertiary granule. Other novel granules probably exist
in the PMN but their contents and function have yet to
be fully defined. (Bainton D.F. et al, 1971; Dewald B.

et al, 1982; Petrequin P.R. et al, 1987).

Function
The neutrophil response to tissue invasion by a

microorganism can be divided into a number of stages.



TABLE I Neutrophil granule constituents

CONSTITUENT AZUROPHILIC SPECIFIC TERTIARY
GRANULES GRANULES GRANULES

Microbicidal Myeloperoxidase Lysozyme

enzymes Lysozyme

Neutral serine Elastase

proteases Cathepsin G

Metallo-

proteinases Proteinases Collagenase Gelatinase

Acid hydrolases N-Acetylglucuronidase
Cathepsin B
Cathepsin D

B-glucuronidase

B-glycerophosphatase

a-mannosidase

Others Defensins Lactoferrin Capi

Antibacterial Vitamin B,, receptors?

cationic binding

proteins proteins

Kinin- Histaminase

generating

enzyme Cytochrome b

Cgsg Inactivating Complement

factor activator
Monocyte-
chemoattractant

Plasminogen activator

Protein kinase C
inhibitor

FMLP receptors

C3pi Freceptors




Stimulus detection

The initial step in PMN stimulation generally
involves either ligand binding to surface receptors or
some other direct perturbation of the cell surface. Some
factors which have a specific receptor on the PMN surface
include C5a, LTB,, PAF and the N-formyl peptides.

The N-formyl peptides were originally described as
the chemoattractants of bacterial cultures (Schiffman E.
et al, 1975). The specific receptor on the PMN surface
for the peptide formyl-methionyl-leucyl-phenylalanine
(FMLP) is of molecular weight 50-60 Kd and is an integral
membrane glycoprotein (Niedel J.E. et al, 1980). In
general human PMN have been reported to have 25000-70000
specific formyl peptide surface receptors/cell (Jesaitis
A.J. et al, 1982; Showell H.J. et al, 1976; Zigmond S.H.
et al, 1982). On receptor ligand interaction the ligand-
receptor complex becomes transiently associated with the
cell cytoskeleton, is internalised and the ligand released
upon entering an acidic intracellular compartment. It is
probable that the receptor is recycled. On PMN
stimulation an initial down regulation of receptors is
followed by an upregulation of receptors. A storage pool
of receptors in the specific granules or other organelles
probably contributes to this upregulation. Discharge of
specific granules has been shown to increase receptor
numbers and decrease receptor affinity. Both high and low
affinity states exist and it is postulated that chemotaxis

relates to a high affinity state while degranulation and



O, production relate to a low affinity state. Receptor
affinity is thought to be under G protein control (Sklar,
L.A. et al, 1981; 1987). Repeated cell stimulation with
appropriate receptor recycling leads to cytoskeletal
activation and directed cell movement. Further
consideration of this complex field is not within the

remit of this discussion.

Phagocytosis

The PMN adheres to the opsonised microorganism via
specific receptors and engulfs it into a phagocytic
vacuole which is formed from the invagination of the
leukocyte plasma membrane. Adherence is partly mediated
by a family of glycoproteins including CR3 (the receptor
for the opsonised fragment of the third complement
component ;Cj3p; LFA-1 (leukocyte functional antigen) and a
third antigen pl150,95 whose function is not clearly
understood. These glycoproteins consist of distinct a
subunits mwt 150-180 Kd and a common B chain mwt 95 Kd.
The glycoprotein family may modulate cytoskeleton assembly
and the function of membrane associated components (Ross
G.D., 1985; Nauseef W.N et al, 1986). The CR3 receptor
triggers both phagocytosis and a respiratory burst and
acts synergistically with the Fc portion of IgG to enhance
adherence and phagocytosis.

Human phagocytic cells express receptors for the Fc
region of IgG. PMN have approximately 100 000 FcR III

(mwt 50-70 Kd) and 15 000 FcR II (mwt. 40 Kd) per cell and



the receptors have been reported to bind IgG containing
immune complexes, leading to the phagocytosis of the
complex and activation of the neutrophil (Henson P.M. et
al, 1972). However recent work has shown that FcR III is
a phosphatidyl inositol (PI)-anchored protein in
neutrophils and it is released on stimulation by FMLP,
suggesting a role for FcR III shedding in inflammatory
reactions (Huizinga T.W.J. et al, 1988). Work by Tosi et
al (1988) has shown that FcR III is more sensitive to
elastase than FcR II and he has used this to suggest that
it is probably FcR II that is responsible for IgG mediated
activation.

Expression of a third FcR with a high affinity for
monomeric IgG can be induced in PMN by prolonged
incubation with INF in vitro but it is not ordinarily
expressed on peripheral blood PMN (Perussia B. et al,
1985).

Phagocytosis is accompanied by the extracellular
release of predominantly 2° granule contents. The role of
neutrophil contents as modifiers of the inflammatory
response is not well understood but this area may be even
more relevant with the new information available on

receptor shedding into the inflammatory soup.

nt a -

Killing can occur by both oxidative and non-oxidative



mechanisms. Fusion of the phagocytic vacuole with the
cytoplasmic granules leads to the interaction of the
microorganisms with toxic agents. The oxidative
mechanisms of PMN killing arise from the reduction of
molecular oxygen to superoxide (0, ) (Babior B.M., 1984).
Upon cell stimulation this process occurs on the plasma
membrane of the phagocytic vacuole through activation of a
plasma membrane bound NADPH oxidase which is normally
dormant in resting cells. This oxidase is in fact a
multicomponent enzyme complex which constitutes an
electron transfer chain from NADPH and terminates in O,
reduction. The electron transfer chain involves a
flavin-adenine dinucleotide containing flavoprotein, a
unique cytochrome b558 and possibly a quinone.

The 0, produced may dismutate either enzymically or
spontaneously to produce H;0,. Further reactions of 0,5~
and H,0, are possible in the presence of transition metal
salts with the production of hydroxyl radicals.
(Halliwell & Gutteridge, 1984, 1985). These products
provide most of the microbicidal oxidative activity within
the phagosome and extracellular environment.

Neutrophil myeloperoxidase, normally present in the
azurophilic granules (Klebanoff & Clark, 1978) but which
discharges to the site of oxidant production, greatly
potentiates the toxicity of H,0, by virtue of its ability
to oxidise halides such as CL™. The HOCL produced is a
powerful oxidant and highly bactericidal; oxidants

produced from this such as chloramines are longer lived



and those formed from lipophilic amines may permeate
membranes.

The ability of neutrophils to generate O, can be
measured in vitro by their ability to reduce cytochrome C.
(Weening R.S et al, 1975). Cytochrome C is a large basic
molecule which cannot enter the cell and is thus specific
for measuring secreted oxidants.

Since the discovery that during the respiratory burst
activated PMN generate light (Allen R.C. et al, 1972) the
technique of chemiluminescence has been widely used to
measure reactive oxidant generation. Luminol is a
chemiluminescent probe that greatly enhances the
efficiency of photon detection although the molecular
species responsible for light emission has not yet been
identified. Luminol dependent chemiluminescence measures
the activities of the NADPH oxidase and myeloperoxidase
(Edwards S.W. et al, 1987) and is also capable of
monitoring both intracellular and extracellular oxidant

generation as luminol freely permeates the PMN.
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Stimulus - response coupling

As stated previously chemoattractants activate PMN
through interaction with specific cell surface receptors.
On receptor occupancy a guanine nucleotide regulatory (G)
protein is activated through substitution of GTP for GDP
on the a chain of the G protein. G proteins are
heterotrimers consisting of three subunits: «, B and,u.

On GTP substitution the a chain which contains the GTPase
activity necessary for function dissociates from the aa
dimer. Each receptor may have a unique aﬁa trimer (Casey
P.J. and Gilman A.G., 1988).

The activated G protein stimulates a membrane
associated phospholipase C by lowering the enzyme’s
requirement for calcium to that found in resting cells
(Fig I). Phosphatidyl inositol 4,5 biphosphate is
hydrolysed by the phospholipase C to produce two second
messengers; inositol 1,4,5 triphosphate (IP3) and 1,2
diacylglycerol (DAG). IP; then mobilises Cca*t from intra-
cellular non-mitochondrial stores and it is probable that
inositol 1,3,4,5 - tetrakisphosphate (IPy) formed from IP4
may enhance calcium permeability leading to an influx of
calcium from the extracellular environment (Berridge M.J.,
1984; Nishizuka Y., 1984; Houslay M.D., 1987; Takenawa T,
1985).

Increase in cytosolic ca’t is a necessary but
insufficient signal for end cell functions such as 0,~
generation (Korchak H.M. et al, 1988). A synergistic role

for protein kinase C (a calcium/phospholipid dependent
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enzyme) in cell signalling has been proposed (Takai et al,
1985). 1In vivo activation of this enzyme is thought to be
via DAG production. On PMA stimulation protein kinase C
which is found in the cytosol of unstimulated PMN
translocates to the plasma membrane. It is possible that
a Cca’t requiring neutral proteinase (calpain) can catalyse
limited proteolysis of the kinase to produce a form that
is fully active in the absence of ca't* and phospholipid
(Melloni E. et al, 1985). Following stimulation of
neutrophils enhanced protein phosphorylation has been
observed however the role of protein kinase C, other
protein kinases and Cat'/calmodulin dependent processes in
this process has not been fully evaluated.

The neutrophil has a complex behavioural repertoire

and straightforward schemes for signalling involving gross
changes in the levels of IP;, Ca'’ or DAG are less than
satisfactory. It seems probable that multiple signal-
response systems must be operating. FMLP stimulation may
involve activation of a phospholipase A, which generates
products of arachidonate metabolism and lysophospholipids.
Many of the possible products are inflammatory mediators
such as the leukotrienes and the prostaglandins, and
arachidonate itself can activate the oxidase.
Additionally it has been proposed that products from
phosphatidylcholine or phospholipase D activation may have
a role in signal transduction (Lackie J.M., 1988).

Negative feedback is crucial to the integrity of the

PMN response. Elevated cAMP levels inhibit
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phosphoinositide metabolism and protein kinase C may play
some part in inhibition of cell function. The actual
significance of the latter observation is at present not

fully elucidated (Snyderman R. et al, 1986).

Pathological Conditions

PMN are necessary in the processes of both localising
and curing infection. 1In patients with neutropenia or
severe neutrophil functional impairment there is a
significant risk of life threatening infection with
mucosal ulcerations, gingivitis, periodontal disease,
pneumonia and other types of bacterial and fungal
infections being common (Malech H.L. and Gallin J.I.,

1987).

Congenital Disorders

Three of the most important congenital abnormalities
are chronic granulomatous disease (CGD); specific granule
deficiency (SGD) and CR3 receptor deficiency (Rotrosen and
Gallin, 1987).

CGD patients show variation in clinical features but
commonly there is a profound impairment of oxidative
metabolism with a correspondingly high susceptibility to
the type of infection previously mentioned. Variants of
the disease with different molecular mechanisms exist.

In SGD neutrophil chemotaxis, the respiratory burst
to certain stimuli and the upregulation of antigens to

FMLP is impaired.
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Deficiency of myeloperoxidase is a common disorder
although most deficient patients are not at increased risk
from serious infection. 1In this condition deactivation of
the respiratory burst is delayed and phagocytosis is
normal or increased due to a failure to down-regulate
receptor mediated recognition mechanisms.

In CR3 deficient patients the defect appears to be a
partial or complete inability to synthesise normal B
subunit. The three types of a subunit although
synthesised normally need to associate with the B subunit
in order to be processed and retained on the cell surface.
CR3 deficient PMN show abnormalities to repetitive

stimulation with FMLP.

Acquired disorders

Acquired defects in neutrophil function are observed
in patients with thermal injury and in neonatal PMN. The
PMN in both show defects similar to those of neutrophils
from patients with congenital SGD. The abnormalities
found in burns patients are thought to result in the
circulation and to be related to the increased
susceptibility to infection shown by these patients.

The inflammatory mediators produced by PMN have been
implicated in the pathogenesis of a number of respiratory
disorders and neutrophil infiltrates have been observed in
autoimmune vasculitis and glomerulonephritis where they

may be involved in tissue destruction.
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Haemic Malignancy

Studies of neutrophil function have been undertaken
in various haematological malignancies. Acquired
neutrophil defects have been reported in both

myelodysplasia (MDS) and chronic myeloid leukaemia (CML).

Myelodysplasia

The myelodysplastic syndromes are a group of
haemopoietic stem cell disorders which were defined by
Bennett et al (1982-F.A.B. Co-operative group). Five
categories of MDS are classified based on the
morphological guidelines issued by the FAB group (Table
II). There may be a degree of overlap between the
categories and a patient may change categories during the
course of this disease. Primary cases of MDS generally
occur in those over 50 years of age, with similar sex
frequency. Secondary cases of MDS can follow chemotherapy
or radiotherapy and are generally more difficult to
manage.

Refractory peripheral cytopenias of one or more cell
lines with normal to increased bone marrow cellularity are
common features and cytogenetic abnormalities are
frequently observed. Common cytogenetic abnormalities in
myelodysplastic syndrome are monosomy 7 or 7q~, trisomy 8,
monosomy 5 or 5q° and loss of the Y chromosome (Jacobs A.,
1985). Multiple functional abnormalities in MDS

neutrophils have been reported and it is probable that
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they contribute to the incidence of life-threatening
infection in MDS (Boogaerts M.A. et al, 1983). Both the
loss of lineage specific antigens and increased expression
of inappropriate antigens on the PMN membrane

in MDS have been described (Clark R.E. et al, 1985). The
majority of MDS patients will succumb to infection and/or
haemorrhage, however approximately 1/3 of the patients
will develop ANLL.

The FAB classification has been shown to have
prognostic significance (Coiffer B. et al; 1983) however
the demarcation between different clinical groups is
arbitrary and it has been suggested that a biological
classification based on functional (Greenberg P.L. et al,
1983) or chromosomal abnormalities may be of greater
value. Previous work suggests that the presence of
chromosomal abnormalities is associated with leukaemic
change and a more rapid progression of the disease (Nowell

PiCcy,; 1982)5

Chronic Myeloid Leukaemia

CML is a clonal disorder that begins with a chronic
phase marked by a greatly increased pool of committed
myeloid progenitor cells and results in the accumulation
of morphologically mature granulocytes as well as immature
cells in the peripheral blood (Kurzrock et al, 1986; Gale
and Cannani 1985). A specific genetic lesion; the Ph’
chromosome t(9,22) is present in 90-95% of cases of

typical CML.
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TYPE BLOOD MARROW MEDIAN
SURVIVAL
[ MONTHS ] [MUFTI ]
Refractory
anaemia (RA) Blasts<1% Blasts<5% 32
RA with ring
sideroblasts Blasts<1% Blasts<5%
ring sideroblasts
>15% erythroblasts 76
RA with excess
of blasts (RAEB) Blasts<5% Blasts 5-19% 10.5
RAEB in trans
formation
(RAEBtr) Blasts>5% Blasts 20-29% 5
Chronic
myelomonocytic
leukaemia
(CMML) As any of As any of above

above plus > plus promonocytes 22
109/L monocytes
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The c-abl oncogene is translocated from chromosome 9
to chromosome 22 whereas the recipient chromosome for
c-sis from chromosome 22 is variable. The consistent
translocation of the c-abl oncogene results in the
creation of a fusion gene with the transcription of a
novel chimaeric c-abl related RNA which is translated into
a unique protein which unlike its normal counterpart has
tyrosine kinase activity. It has therefore been suggested
that it is the translocation of c-abl which is important
for the pathogenesis of CML. In some patients with Ph’
negative CML neither c-abl or c-sis is involved.

After an indefinite period in the chronic phase of
the disease a state of myeloproliferative acceleration
develops in which the myeloid cell progressively loses its
capacity for terminal differentiation and the terminal
blast crisis stage occurs. Speculation exists on the
relationship between cellular release from the marrow, the
prolonged circulation time of the mature PMN and aberrant
glycoprotein expression in CML.

It is unclear whether neutrophil function in CML is
significantly altered. Although many studies have been
undertaken reports have been contradictory. It has been
suggested that the granulocytes become less efficient as
the disease progresses (Anklesaria P.N. et al, 1985; El-

Maalem H. et al, (1976)).

Neutrophil Heterogeneity

Observations of neutrophil heterogeneity have been






























































































































































































































































































































































































































































































































