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ABSTRACT

Adverse haematological reactions to drugs can prove serious if
undetected.| The response can be related to dose and time but affected
cells usually return to normal when treatment is withdrawn.
Agranulocytosis, defined as an absolute neutrophil count below 0.5 x
109/1 can arise from induction of antineutrophil or antimyeloid
antibodies e.g. prophythiouracil (Fibbe et al 1986). A drug or metabolite
of drug may also be cytotoxic and manifest as agranulocytosis in
susceptible individuals. e.g. chlorpromazine (Pisciotta 1973). The
mechanism of action and target cell involved will dramatically affect
clinical manifestation of a drug induced cytopenia.

Clozapine, an anti psychotic used in the treatment of
schizophrenia is associated with a relatively high incidence of
agranulocytosis and has characteristics of both toxic and immune
mechanisms. Indicative of an immune response are the lag phase
before onset of agranulocytosis, the selective loss of myeloid precursors
in the bone marrow, the lack of correlation between dose and toxicity
and the unpredictable nature of the response. In vitro investigations,
presented in this thesis, into an immune based mechanism of
agranulocytosis have demonstrated antineutrophil antibodies in 26% of
patients screened against normal donors and antimyeloid antibodies
directed against autologous cells in one patient. All were detected
independently of drug and it is difficult to conclude that the presence of
antineutrophil/ myeloid antibodies are pathogenic in clozapine induced
agranulocytosis. Sensitive individuals re challenged with clozapine did
not experience immediate onset of agranulocytosis (Safferman 1992)
and there is a lack of associated hypersensitivity reactions.
Investigations into toxic mechanisms of agranulocytosis presented here
demonstrate a linear relationship- between increasing concentrations of
clozapine and suppression of haemopoiesis. A metabolite of clozapine
has been identified which is toxic to myeloid precursor cells near
therapeutic concentrations. It is possible that pharmacokinetic
differences may render an individual sensitive to clozapine and its
metabolites either acting alone or in combination.
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CHAPTER ONE

Cells of the immune system function to protect an individual from foreign
material including pathogenic virus, bacteria and parasites. The immune
response is effected primarily by two types of white blood cells;
immunogenic lymphocytes and phagocytic cells. The immune cells consist
of T and B lymphocytes and are responsible for specific antigen
recognition and subsequent antibody production, they function in close
conjunction with phagocytes which ingest and kill pathogens, removing
them from the general circulation. '
1.1.Neutrophil structure and function

Granulocytes, including neutrophils, basophils and eosinophils, and
monocytes form the phagocytic component of the immune system.

Fully mature differentiated neutrophils or polymorphonuclear (PMN) cells
have a characteristic appearance under the light microscope. They have a
segmented, horseshoe shaped nucleus consisting of two to five lobes and a
pale granular cytoplasm. Ultra structural cytochemical studies can
distinguish two chemically distinct populations of granules and it is the
contents of these which determine the antibacterial, digestive function of
PMN phagocytes (Figure 1)

Peroxidase histochemistry allows the distinction between primary granules
which appear in the early, mitotic stages of myeloid development and
secondary, specific granules (Béinton et al 1971). Primary granules
contain myeloperoxidase which reacts with hydrogen peroxide and
chloride to produce a potent microbicidal oxidant. They also contain
defensins, microbicidal peptides which are released following neutrophil
stimulation and are effective against gram negative bacteria.

Secondary specific granules are peroxidase negative and appear later in
myeloid development at the metamyelocyte stage. They contain lysosymes
which are effective against gram positive bacteria, lactoferrin and
collagenase. Specific granules may also play a role in locomotion, a major
feature of granulocyte function, as their membrane contains receptors for
‘chemoattractants and leucocyte adhesion receptors (Bainton et al 1987).



Figure 2: Diagramatic representation of normal haemopoiesis
illustrating the common pluripotential stem cell, lineage committed
progenitor cells and morphologically distinct, mature circulating cells.
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CHAPTER ONE

1.2.Myeloid development

Mature circulating blood cells all originate from a population of self
renewing pluripotential stem cells in the bone marrow (Figure 2).

Under the influence of humoral and cell associated regulators stem cells
develop into lineage committed progenitor cells and ultimately precursor
cells identifiable by distinguishing morphological features (Queensbury
1979). Stem cells divide and differentiate initially under the influence of
stem cell factor, and interleukin 3 (IL3) a multi colony stimulating factor,
to give rise to committed progenitor cells of four main lineges; the
erthyroid lineage, regulated by erythropoietin; the megakaryocyte lineage
which under the influence of IL7, IL6, IL11 and IL9 gives rise to platelets.
The lymphoid lineage, regulated in the thymus by interleukins 1, 2, 3, 4, 7
and 9 (T cells) and in the bone marrow by interleukins 1, 4, 7, and 10 (B
cells). Cells of the myeloid lineage develop from granulocyte macrophage
colony forming units (CFU_GM) wunder the influence of granulocyte-
macrophage colony stimulating factor (GM-CSF) (Metcalf 1986),
granulocyte colony stimulating factor (GCSF) which stimulates
predominantly myeloid cells (Metcalf 1983) , monocyte colony stimulating
factor (M-CSF) specific to monocytes and interleukin 5 specific to
eosinophils.

Neutrophil formation falls into two major compartments; the mitotic,
proliferative and maturation, storage compartments. Six distinct
morphological subtypes can be identified.

1. Myeloblasts, the earliest recognisable granulocyte precursor , an
undifferentiated cell with a large nucleus and few or no granules
detectable in the cytoplasm.

2. The promyelocyte, at which stage the cells have accumulated a large
population of myeloperoxidase rich primary granules.

3.Myleocytes are capable of replication and this stage marks the
development of secondary specific granules.

4.The metamyelocyte marks the end of mitosis and the cells move into a
large marrow storage pool where they differentiate into,

5. Stab cells with a characteristic indented nucleus before being finally
released into the circulation as fully mature, differentiated
polymorphonuclear cells.



Figure 3: Diagramatic representation of myeloid kinetics illustrating the

mitotic and maturation compartments of myelopoeisis and the time

spent in the bone marrow, circulation and tissues.
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CHAPTER ONE

1.3.KINETICS

Mature neutrophils released into peripheral blood can exist for up to ten
hours in the circulation before marginating into the tissues where they
can remain for three to five days. Ageing neutrophils are recognised by
macrophages and removed from the circulation to prevent the contents
of the granules spilling into the tissues and damaging the host (Saul
1989).

Neutrophil development exists in a steady state under the influence of G-
CSF, GM-CSF and IL3 (Figure 3)

Normally myeloblast to mature PMN cell takes approximately ten days,
however myelopoiesis has a great capacity to increase production in
response to inflammatory stimuli. Cytokines and lymphokines released
from activated T lymphocytes can stimulate myelopoiesis to reduce
maturation time, skip mitotic divisions and release immature cells into the
circulation. Under stress the time taken for a myeloblast to mature to a PMN
cell can be reduced to 48 hours and production continue at this rate until
the pathogen is eliminated then neutrophil production returns to baseline.
Under most circumstances clinical assessment of circulating neutrophils is
easily obtained from a white blood count and absolute neutrophil count in
peripheral blood.

TABLE I: WHITE BLOOD CELLS: NORMAL VALUES
(Hoffbrand & Pettit : Essential Haematology 1993)

Total Leucocytes 40 - 11.0 x109/L
Neutrophils 25 -75 x109/L
Eosinophils 0.04- 0.4 x109/L
Monocytes 02 - 0.8 x109/L
Basophils 001-01 x109/L
Lymphocytes 15 - 35 x109/L
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CHAPTER ONE

1.6.FLOW CYTOMETRIC ANALYSIS OF MATURATION OF CELLS OF
THE MYELOID LINEAGE.

Facscan analysis of bone marrow is more complex as haemopoiesis exists

in a steady state. A single sample contains cells of all lineage's throughout
the entire range of development making if difficult to identify
morphologically distinct cell populations . Careful analysis of lineage
specific monoclonal antibodies combined with changes in the physical
characteristics of cells, reflected in their light scattering properties can
identify maturationally and immunologically distinct populations.
Quantitative increases and decreases in cell surface antigens can be used to
track antigenic development within specific lineages.
Flow cytometric analysis of the light scattering properties of a single
sample of bone marrow can distinguish three cell populations however
unlike analysis of peripheral blood , these populations are not as defined.
The light scatter picture is more dispersed and the populations merge into
one another. Cells can be broadly divided into the following regions:
1. Those with a low forward and right angle light scatter which constitute
the "LYMPH" population containing a mixture of lymphoid and late stage
erythroid cells.
2. Cells with a high forward angle and low right angle light scatter cells
which constitute the "BLAST" population. This window is rich in monocytes,
monoblasts, myeloblasts and normoblasts.Multipotent and committed colony
forming cells are also present and by extrapolation the true pluripotent
stem cell.
3. The " GRAN" window contains no erythroid cells and consists almost
entirely of late maturing granulocytes; metamyelocytes and stab cells.
Myelocytes and promyelocytes are split between the "BLAST" and 'GRAN"
windows depending on the gate settings however monocytic and
granulocytic cells are not fourid in significant numbers outside the
"BLAST" & "GRAN" windows ( Civen & Loken 1987) (Figure 6).
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CHAPTER ONE

CD16 and Decay Accelerating Factor (DAF) are two myeloid specific
antigens acquired at the metamyelocyte stage. Both are attached to the
neutrophil membrane by a phosphatidyl inositol anchor. CD16 is a low
affinity receptor for aggregated IgG (Ravetch 1991) and DAF, a complement
regulatory protein . Dual colour flow cytometric analysis reveals after
twenty four hours culture, co expression of CD16 and DAF is low with the
majority of cells negative for both antigens (Figure 7.2). After seventy two
hours culture the majority of cells have acquired CD16 and DAF (Figure 7.4).
The antigens appear simultaneously on developing myeloid cells and
probably mark a critical stage in development (Veys 1990) .
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CHAPTER ONE

1.7.DRUG INDUCED CYTOPENIAS

The ability of the immune system to distinguish "self" from "non- self"
is fundamental to the immune response. If the system fails the body can
become reactive against itself. Auto-immune neutropenia,
thrombocytopenia and haemolytic anaemia are haematological
examples of such a failure.

Drugs as etiologic factors in cytopenias were first recognised by
Rosenthal in 1928. By re challenging sensitive individuals with quinine
he was able to demonstrate a direct causative relationship between drug
ingestion and the onset of thrombocytopenia. Madison & Squire
demonstrated a similar relationship between aminopyrine and
agranulocytosis in 1934. In 1952 Moeschlin and Wagner proposed an
immunological basis for drug induced cytopenias after observing
serum from patients who developed agranulocytosis with
aminophenazone caused complement dependent agglutination of
normal neutrophils.

Susceptibility is determined by an abnormality inherent in the
individual rather than the drug itself (Pisciotta 1973) and its basis can
be a genetically determined aberration in enzymatic or immune
response. Recently adverse drug reactions have been associated with
the human leucocyte antigen system (HLA) a cluster of genes located
on the short arm of chromosome 6 involved in immune recognition and
autoimmunity. A relationship between levanmisole induced adverse
reactions and HLA B27 positive rheumatoid arthritis has been
demonstrated (Veys et al 1978). A brief history of the major
developments in drug induced cytopenias is given in Table 2.

11



CHAPTER ONE

TABLE 2: DRUG INDUCED CYTOPENIAS:MA]JOR DEVELOPMENTS

1928 Rosenthal Quinine and Thrombocytopenia.

1934 Madison & Squire = Aminopyrine and agranulocytosis.

1949 Ackyrod Immune mediated thrombocytopenia.

1953 Ackroyd Apronal and serum and complement
aggregation

1952 Moeschlin Immune mediated agranulocytosis.

1964 Schulman Immune complex,thrombocytopenia.

1964 Hugulef In Vitro demonstration drug

induced antibodies.

1965 Levine Hapten mechanism penicillin induced
haemolytic anaemia.

1973 Pisciotta Chlorpromazine toxicity in
sensitive individuals.

1973 Miescher & Jaffe Inborn errors of metabolism.

1983 Murphy Hapten mechanism for penicillin induced
neutropenia .

1985 Claas & Van Rood  Antibody recognition of hapten and
granulocyte specific antibody.

1978 Veys Levamisole & HLA B27

1986 Fibbe Propylthiouracil & myeloid hypoplasia.
12



Figure 8 : Examples of drug induced damage at various stages of
myelopoiesis (Pisciotta 1992).
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CHAPTER ONE

1.8.TARGETS; MATURE & IMMATURE

Drug induced cell destruction is not restricted to mature circulating
cells only but can also be directed against precursor cells in the bone
marrow. Injury at a specific stage of haemopoiesis will determine the
haematological abnormality which occurs. Drug related injury to the
stem cell compartment will result in aplastic anaemia. Injury to
committed lineage progenitor cells results in either leucopenia,
thrombocytopenia or anaemia depending on the progenitor cell
affected. Uncommitted stem cells remain undamaged and can initiate
recovery when treatment is withdrawn (Figure 8).

13



Figure 9: Inmune complex formation between drug and protein
resulting in the indirect destruction of neutrophils.
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CHAPTER ONE

If immature cells in the bone marrow are affected the onset of
cytopenia can be delayed and in vitro culture techniques are necessary
to detect a possible cytotoxic factor.

In 1979 Kelton et al , demonstrated a causal relationship between
quinidine  and aplasia. Using CFU-GM culture techniques they were
able to demonstrate normal growth in the presence of drug; in the
presence of serum taken at the time of] pancytopenia (acute) and with
serum taken after cell recovery. When cells were cultured with both
acute serum and drug, growth was inhibited. They went on to
demonstrate granulocyte associated IgG and serum granulocyte
associated IgG were normal both in the presence and absence of drug.
They concluded that there existed a drug dependent cytotoxic antibody
which was effective against precursor cells but not mature circulating
cells. This was considered possible as cell antigenicity changes with

maturation.

1.9 DRUG INDUCED AGRANULOCYTOSIS AND IN VITRO
DETECTION
Drug induced cytopenias may occur indirectly via immune mediated
mechanisms, the most common is through the formation of immune
complexes.
1.9.1 IMMUNE COMPLEXES

Alone drugs are small, non immunogenic molecules. They can
complex with soluble plasma macromolecules , become immunogenic
and induce antibody production. The resulting antibody-drug immune
complexes are ingested by circulating granulocytes which are
destroyed indirectly (Figure 9). The physical characteristics of the
antibody rather than the drug determine the target cells. In 1964
Schulman demonstrated a patient with two types of quinidine
antibodies, an anti IgG reacting with platelets and an anti IgM with red
blood cells. In vitro detection of immune complexes involves pre
incubating serum with the offending drug to allow complex formation

before adding the target cells.

14



Figure 10a: Illustrates hapten formation between drug and neutrophil.
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CHAPTER ONE

1.9.2 HAPTEN MECHANISM

The offending drug may also induce antibody production by
acting as a hapten, e.g. cephalosporin induced granulocytopenia
(Murphy 1985); penicillin induced neutropenia ( Murphy 1983). The
drug binds tightly to the target cell membrane and antibody directed
against the hapten destroys the cell( Figure 10a).
In vitro detection of hapten formation requires pre incubation of the
drug with the target cells before adding serum. Excess drug in the
reaction will mask detection of hapten formation by neutralising
antibody present in the test serum, unlike detection of immune
complexes where the presence of drug is essential for antibody
detection. In some cases antibody recognition is determined by a
combination of drug and neutrophil specific antigen (Class 1989). In
vitro detection is therefore dependent on reacting autologous cells and

serum (Figure 10b).

1.9.3 AUTOANTIBODY

Drug ingestion can induce immune dysregulation leading to
autoantibody production directed against surface antigens on target
cells. One example of this is a methyl dopa induced haemolytic anaemia
which induces antibody recognition of rhesus determinants on red
blood cells (Worlledge 1966) . In vitro detection does not require drug to

be present in the assay system.
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1.10. TOXIC MECHANISMS

Non immunogenic mechanisms may also be responsible for drug
induced cytopenias either via direct chemical suppression by the drug
with bone marrow failure in the sensitive individual, or chemical
suppression due to accumulation of toxic metabolites of the parent drug.
A number of psychotropic drugs, particularly the phenothiazines, have
been implicated in agranulocytosis (Table 3).

TABLE 3 : PSYCHOTROPIC DRUGS ASSOCIATED WITH AGRANULOCYTOSIS:

ANTICONVULSANTS ~  PHENOTHIAZINES

Cabamazepine Chlorpromazine
Ethosuximide Fluphenazine
Phenytoin Mepazine
Primidone Methylpromazine
Trimethadione Thioridazine
ANTIDEPRESSANTS TRANQUILLISERS
Imipramine Meprobamate
Mianserin Diazepam

Phenothiazines have been implicated in agranulocytosis more than any
other group of drugs. They are known to enhance cell membrane
permeability to macromolecules, to precipitate proteins and possibly
inactivate essential enzymes, to uncouple oxidative phosphorylation due
to interaction with mitochondrial cell membranes and inhibit nucleic
acid synthesis.

1.10.1 CHLORPROMAZINE

Pisciotta in 1973 performed considerable investigations into
chlorpromazine (CPZ) induced agranulocytosis. Agranulocytosis is
defined as an absolute neutrophil count below 0.5 x109/1, it is a serious,
potentially life threatening condition. It can be reversed if treatment is
stopped. Pisciotta was able to demonstrate a linear relationship between
increasing chlorpromazine concentration and cell death determined by
the number of colonies formed in a CFU GM culture system.

16
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CHAPTER ONE

severity of the response was due to marrow reserve and host
proliferative potential.

It is likely that chlorpromazine is directly toxic to myeloid cells due to
idiosyncratic differences in pharmacokinetics which allow toxic levels
of drug to accumulate in the bone marrow microenvironment.
Chlorpromazine induced damage may manifests as agranulocytosis
because of the rapid turnover of cells in the myeloid series.

1.10.2 CHLORAMPHENICOL

In the case of Chloramphenicol (CAP), a reactive metabolite is
generated, nitroso-chloramphenicol, which is toxic to bone marrow
while the parent drug is not . CAP inhibits DNA synthesis only at high
concentrations (> 3 x10-4M) while nitroso-CAP inhibits DNA synthesis at
much lower concentrations and caused irreversible inhibition of CFU-S
growth at 5 x 10-5M (Yunis 1980).

1.11 LOCALISED METABOLISM OF DRUGS:

Many drugs which cause agranulocytosis are oxidised by activated
neutrophils to reactive metabolites which can contribute to toxicity.

On encountering pathogen/immune complexes, neutrophils take up
large amounts of oxygen with respiratory burst. Free radicals are
generated when oxygen is converted to superoxide by NADPH oxidase
(1). Superoxide is in turn convérted to hydrogen peroxide (2), and
myeloperoxidase released from neutrophil granules reacts with it to
produce a strong oxidant that is an effective bacteriacidal agent.

1.20 2 + NADPH 2072 + NADP+ + H+
NADPH OXIDASE

2. 207, +2H+ H202 + 02
SUPEROXIDE DISMUTASE
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CHAPTER ONE

Thus free radical generation aids phagocytosis but chemically reactive,
free radical intermediates of drug may result which can cause direct
cytotoxicity or induce an immune response by forming a hapten. Some
immature cells in the bone marrow contain myeloperoxidase and appear
to be targets of reactive drug intermediates e.g. dapsone, procainamide.
Dapsone is metabolised by neutrophils to a reactive hydroxylamine that
is toxic to bone marrow (Weetman et al 1980). Antimyeloid antibodies
have been demonstrated in patients with procainamide induced
agranulocytosis (Azocar 1984). Other drugs have been associated with
antibody destruction of peripheral blood neutrophils e.g.
prophythiouracil (Fibbe et al 1986).

1.11.1 POSSIBLE PROTECTIVE ROLE OF ASCORBATE:

Ascorbic acid is a powerful reducing agent and antioxidant (Levine
1986). It acts as a free radical scavenger by reacting with superoxide
and hydrogen peroxide to form a relatively unreactive intermediate,
dehydroascorbate. It has been demonstrated in vitro that paracetamol,
associated with a low incidence of agranulocytosis, is oxidised by
activated neutrophils to a paracetamol phenoxyl free radical. In the
presence of ascorbate, the ascorbate radical was formed (Mason &
Fischer 1992). Thus it has been proposed that co administration of
ascorbate with drugs oxidised by activated neutrophils can prevent
agranulocytosis.
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CHAPTER ONE

1.12.CLOZAPINE INDUCED AGRANULOCYTOSIS

Clozapine is a dibenzodiazepine antipsychotic highly effective in the
treatment of refractory schizophrenia. Unlike traditional neuroleptics,
clozapine treatment is not associated with unwanted side effects such as
parkinsonism, dystonia and tardive dyskinesia (Lieberman 1986,1989;
Kane 1987). It does however carry a relatively high risk of
agranulocytosis. When clozapine was first introduced in Europe in the
1970's, agranulocytosis was reported in up to 2% of treated patients
(Idanpaan - Heikkila 1977). As the risks were not fully appreciated a
number of fatalities occurred and the drug was withdrawn from the
market.

1.12.1 CPMS SYSTEM

Clozapine was reintroduced in the UK. in 1989, but because of the risks
its use is restricted only to treatment resistant schizophrenics.
(Baldessanni 1991). All patients are closely monitored by the Clozapine
Patient Monitoring System (CPMS) run by the manufacturers, Sandoz.
Patients registered must have a normal white blood count and
differential before starting treatment and have a full white blood count
performed weekly in the first eighteen weeks of treatment and every
two weeks thereafter as long as treatment continues. Patients whose
white blood count (WBC) falls below 3 x 1092/1 and/or absolute neutrophil
count (ANC) below 1.5 x 109/1 immediately cease treatment Also patients
who experience three consecutive falls in white blood count or absolute
neutrophil count are described as entering red alert and treatment is
withdrawn. Once de registered from the CPMS, patients tend to
experience a relapse of schizophrenia and there are few alternative

treatments available.
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1.12.2 CHARACTERISTICS OF RESPONSE

The wide spread use of clozapine is restricted by the high incidence of
agranulocytosis. At present there is no clear evidence of the
mechanism responsible although an immune basis has been favoured.
The observations that bone marrow reveals a selective loss of myeloid
precursor cells (Lieberman 1989).; acute phase sera taken from
affected individuals suppressed neutrophil function, a response which
is attenuated by anti IgM, (Pisciotta 1989) and the lack of correlation
between incidence and dose (Alvir 1993) all support this claim. On the
other hand there is little evidence of conditions associated with
hypersensitivity reactions of this type (skin rash, fever) and
rechallenge with the drug does not result in immediate recurrence of
agranulocytosis. It is possible that clozapine induced agranulocytosis
occurs via more than one mechanism and with this in mind the fall in
WBC /ANC experienced by the patient was taken into account

The decline in WBC and ANC which precedes the onset of
agranulocytosis varies in patients receiving clozapine. Some patients
experience a delayed onset with a gradual decline in WBC/ANC over a
period of weeks. These patients were classified as group C (Figure 12).
Figure 12 : White blood count and absolute neutrophil count, with time
in a CPMS registered patient in group C.
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Prior exposure to drug or a lag period of more than a week before the
onset of agranulocytosis is indicative of an immune based mechanism
(Utrecht 1989). The majority of cases of agranulocytosis occur between
the fourth and eighteenth weeks of treatment and although the time
scale is compatible with an immune mediated reaction , toxic
mechanisms could also be responsible. Clozapine starting dose of 25-50
mg/day is increased over this period up to 300-600 mg/day which could
allow for a delay in accumulation of toxic levels of drug or metabolite
in patient's serum.

Patients, classified as group A (Figure 13) , experience a precipitous
drop in WBC/ANC from normal levels within a matter of days which
could indicate circulating neutrophils are the targets or a sudden arrest
of myelopoiesis. This is sometimes preceded by a brief neutrophilia
(Group Al). .

Figure 13 : White blood count and absolute neutrophil count with time
in a CPMS registered patient in group A.
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If precursor cells in the bone marrow were affected a longer period of
neutropenia would be expected. Some patients can develop
agranulocytosis even after treatment has stopped (Figure 14).

Figure 14 : Illustrates onset of agranulocytosis after clozapine treatment
has been withdrawn.
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A number of patients , classified as group B (Figure 15) , experience a
transient neutropenia which is apparently unrelated to clozapine,
these patients usually have a low baseline WBC prior to treatment
(below 3.5x109/1).

Figure 15 : WBC with time in a CPMS patient deregistered due to
transient neutropenia.
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CHAPTER ONE

AIMS

The aim of this study was a comprehensive investigation into the
mechanisms of drug induced agranulocytosis with particular reference
to clozapine. Elucidating the mechanism might have significant
implications for the patient with respect to;

° Identifying a possible prognostic factor to exclude high risk
individuals.

® Determining a possible course of intervention to prevent onset
of agranulocytosis.

U Possible future re challenge of sensitive individuals with the
offending drug.

Using normal bone marrow donors and serum stored from CPMS red
alert patients we aimed to answer the following questions:

1. Is the drug or are derivatives of the parent drug, either alone or in
combination ,toxic to myelopoiesis ? Or does Clozapine or a derivative of
Clozapine accumulate in the serum of affected individuals to toxic
levels.?

2. If toxicity can be demonstrated can it then be reversed in the
presence of a protective agent.?

3.Is there a cytotoxic factor present in the serum of patients taken
during the red alert period (acute phase).? If so is this factor drug
dependent or complement dependent or both.? Using a panel of normal
donors can we detect antigranulocyte antibodies in patient acute

serum.?

4. Is there a cytotoxic lymphocyte population present at the time of

neutropenia.?

25
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Using bone marrow from patients who have developed drug induced
agranulocytosis we aimed to further investigate the idiosyncratic
nature of the response by examining;

1.Patients bone marrow compared to normal for susceptibility to
parent drug and metabolites .

2.Patients serum for the presence of drug induced autoreactive
antimyeloid antibodies.

The system used in the course of these investigations is highly specific,
providing a non subjective analysis of myeloid development which
allows distinction of toxic and immune mechanisms directed against
early and/or mature cells

26



CHAPTER TWO

CHAPTER TWO

MATERIALS AND METHODS
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CHAPTER TWO

2.1 MATERIALS:
2.1.1 CHEMICALS:

Clozapine and its major metabolites listed below were kindly provided
by Dr R. Noyelle of Sandoz UK.

CILOZAPINE: C18 H19 N4CL (M.Wt. 326.8)

10 mg/ml working solution (32.68 mM) in ethanol.

N-DESMETHYL CLOZAPINE: C18 Hi9 CIN4 (M. Wt 326.8)

10mg/ml working solution (32.68 mM) in ethanol.

N-OXIDE CLOZAPINF: C18 H19 N4OCL CH40 (M. Wt. 374.87)

10 mg/ml working solution (37.49 mM) in IMDM.

All working solutions were prepared fresh before being diluted
further in culture medium

28
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2.1.2 TISSUE CULTURE REAGENTS:

McCoys S5A Medium: ICN FLOW;
Cat No. 12-552-54.

Iscoves Modified Dulbeccos Medium (IMDM): ICN FLOW;
Cat No. 12-358-54.

Penicillin/Streptomycin: GIBCO; Cat No. 043 05070H.

Nunc10ml Tissue Culture Tubes: GIBCO; Cat No. 1-46 183A

Nunc 90 mm Petri Dishes: GIBCO; Cat No.

Lymphoprep: NYCOMED; Cat No. 221395.

Anti MY8 Antibody: COULTER; Cat No. 6602630.

Anti Glycophorin A: DAKO; Cat No. M819.

Goat Anti Mouse Immunoglobulins: DAKO; Cat No. Z420.

2.1.3 Fetal CALF SERUM (FCS):

FCS obtained from Seralab was pre-screened for mitogenicity, heat
inactivated at 569 c for 30 minutes then stored at -20 ¢ in 20ml aliquots.

At the time of culture a fresh vial was thawed and added at 15% volume
of culture medium.
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2.1.4 FLOW CYTOMETRY REAGENTS:

The following monoclonal antibodies were directly conjugated to
flurochromes and purchased from Becton Dickinson UK.

IgG1
CD16
CD 33
CD3
CD4
CD8
CD16
CD19
CD14
CD15
CD45
HLA-DR
CR3
CD56

The following antibodies, used for the detection of antineutrophil
antibodies were purchased from Dako.

Anti mouse Fab FITC

Anti human F ab IgG

Anti human Fab IgM

Falcon Tubes: Marathon Labs; Cat No. 2052.

2.1.5 CYTOKINES:

Granulocyte Colony Stimulating Factor (GCSF) provided by Amgen, was
stored as a 300 ng/ml stock in sterile distilled water at 4° ¢ then diluted
fresh on the day of culture in IMDM to a 100ng/ml working solution.
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2.2 METHODS;

2.2.1 COLLECTION OF BONE MARROW:

10ml samples of bone marrow harvested from the iliac crest of normal
donors were diluted 1:1 into RPMI containing 300 units of preservative
free heparin.

2.2.2 CELL PREPARATION FOR CULTURE

Diluted marrow was carefully layered onto an equal volume of Ficoll
1077. After centrifugation at 1400 rpm for 30 minutes the low density
mononuclear cell fraction was collected from the Ficoll interface and
washed in McCoys SA medium + 200 mM penicillin/streptomycin and
5% FCS( McCoys + ) '

MONOCYTE ADHERENCE:

Adherent cells with inherent colony stimulating activity were depleted
from the population by incubating 2x107 - 2x108 in 10 ml of McCoys +
on 10 cm Nunc petri dishes for one hour at 37°C. The non-adherent
cells were then washed in McCoys + and further enriched for myeloid
precursor cells using immune panning techniques (Greenburg, 1985).
ENRICHMENT OF MYELOID PRECURSOR CELLS:

Cells were pre incubated with saturating concentrations (65ug/2 x107
cells) of anti-My8, an antibody which recognises myeloid cells beyond
the promyelocyte stage and anti-glycophorin A which recognises cells
throughout the erthyroid series. Excess antibody was removed after a
20 minute incubation by washing in McCoys +.

2x10 7 cells were incubated for 70 minutes at 4 © C on a Nunc petri dish
coated with 100 ug/ml of goat anti-mouse immunoglobulins to adsorb
the antibody bound cells.

Non-bound My8 (-) and glycophorin A (-) precursor cells were gently
removed using a syringe, washed and prepared for culture at a cell
concentration of 1x10 © /ml in IMDM +15% FCS + 10 ng/ml GCSF.

The cells were cultured in Nunc 10 ml tissue culture tubes for 132 hours
at 379C in humidified air + 5% CO2 ( Nagler 1990).
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CHAPTER TWO

After 132 hours culture 50 ul aliquots of cells from each tube were
incubated with a combination of either 5 ul FITC conjugated antibody
and 5Sul phycoerthyrin conjugated antibody or a combination of the
appropriate isotype controls, (FITC IgG1 & PE IgG1).

Fluorescence was measured on a Becton Dickinson Facscan equipped
with a single argon laser emitting at 488nm on the cells falling within
the myeloid and blast regions only. 5000 events were counted and the
number of positive events recorded.
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CHAPTER TWO

2.2.6 CELL COUNT:
CD16 gave the best measure of myelotoxicity in that any insult to the
mitotic pool would reduce the absolute number of CD16+ events in
culture. Therefore this was used to determine response. Facscan flow
rate is constant and time variable so it was necessary to relate the
relative number of CD16+ events-analysed to the total number of cells
present in the test tube, thereby increasing sensitivity and accuracy.
After culture and close to the time of analysis a cell count was
performed on each tube and used to determine response as follows:
Calculation of absolute number of CD16+ myeloid cells
No. viable cells in myeloid gate expressing CD16
minus
No. non-specific events in myeloid gate
multiplied by
Total white blood cell count (x109/1)

= Absolute No. CD16+ cells.

TABLE 4: No. CD16 + events incorporating cell count in cells cultured
for 132 hours in increasing concentrations of chlorpromazine.

DOSE = = |CD16+ °~ = = jcell -~ - - |Response Response

events count CDl16+ x %control
(x109/1) | count

0 746 0.9 671 100%

3 619 0.9 557 83%

9 417 0.8 334 50%

18 103 0.7 72 11%

30 27 04 11 2%

Use of cell count in calculating the response emphasises any toxic
insult to myelopoiesis.Given myelopoiesis in a population covers a
normal distribution there is considerable variation in the absolute
number of CD16+ events counted. Therefore = to compare between
experiments, response to drug was expressed as a percentage of
myeloid growth without drug present. Each experiment was
performed in duplicate or triplicate.
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CHAPTER TWO

2.2.7 EFFECTS OF G CSF IN CULTURE:
10 ng/ml G-CSF was incorporated in the assay to achieve optimal
myeloid growth (Figure 21).

TABLE 5 : Effects of G-CSF with time on the No. CD16 + events falling
in the myeloid regions

0 ng G CSF 10ng G CSF
CD16+Time O hrs 24
Mean CD16+ Time 132hrs 208 765

In the absence of G-CSF the absolute number of number of CD16+
myeloid cells have increased nine fold after 132 hours culture. In the
presence of G-CSF they have increased by a factor of 32. From a total
of 22 normal bone marrow donors G-CSF significantly increased the
number of CD16+ myeloid cells in culture.

TABLE 6: NORMAL RESPONSE TO G-CSF

Ong G-CSF - 10ng G-CSF
Mean CD16+ events 381 ' 1316
S.D 213 543
Range of response 10-925 319-2711
No. experiments 22 22

Mean response in the presence of 10 ng of G CSF is 3.5 times greater
than inits absence.
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CHAPTER TWO

2.3 TOXIC MECHANISMS OF CLOZAPINE INDUCED
AGRANULOCYTOSIS;

These methods were used in chapter three to determine possible toxic
effects of clozapine and its major metabolites, N-desmethyl and N-oxide
on normal myelopoiesis using ‘ a liquid culture system. Initially
response in the presence of clozapine and metabolites was compared to
chlorpromazine, a phenothiazine known to cause agranulocytosis in
susceptible individuals. Dose dependent suppression of myelopoeisis by
clozapine and metabolites were then further investigated using bone
marrow from twenty four normal donors.

2.3.1 MYELOPOIESIS IN THE PRESENCE OF CHLORPROMAZINE:

In four experiments performed in triplicate a direct comparison was
made of the effects of clozapine, N-desmethyl clozapine and
ch lorpromazine which is known to be toxic to myelopoiesis in vitro
using a CFU GM assay system.

The following concentrations of each drug alone were added to cells
prepared for culture at time 0: 3x10-6M; 9x10-6M; 18x10-6M &30x10-6M.
The cells were cultured for 132 hours and those cultured in the
presence of IMDM taken as 100%. Myelopoiesis was determined by
analysis of CD16 and CD33 expression as described (2.2.3-7) on cells
falling in the myeloid region.

2.3.2 MYELOPOIESIS IN THE PRESENCE OF CLOZAPINE:

In thirteen experiments performed in duplicate, enriched myeloid
precursor cells from normal donors were cultured in the presence of
increasing concentrations of Clozapine, namely: 3x10-6M: 9x10'6M;
18x10-6M; 30x10-6M & 60x10-0M. Clozapine was added as the final step to
the enriched cell population prepared for culture in IMDM & FCS & G
CSF. and myelopoiesis assessed over 132 hours at 379c.

For each experiment duplicate control tubes were prepared containing
ethanol diluted 1:1000 ( equivalent to the amount present with the
maximum dose of clozapine). Myelopoiesis assessed in this tube was
taken as maximum (100%) gro“}th and used as an index to assess

response.
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CHAPTER TWO

2.3.3 MYELOPOIESIS IN THE PRESENCE OF N-DESMETHYL- CLOZAPINE:
Eleven experiments were performed in duplicate to assess "normal"
myelopoiesis in the presence of N-desmethyl clozapine at
concentrations of 3x10-6M: 9x10-6M; 18x10-6M & 30x10-6M.

For each experiment duplicate control tubes were prepared containing
ethanol at a concentration equivalent to that present with 30x10-60M
N-Desmethyl. This was taken as 100% myelopoiesis and used as an index
to assess normal response to N-Desmethyl clozapine.

2.3.4 MYELOPOIESIS IN THE PRESENCE OF N-OXIDE- CLOZAPINE:

Three experiments were performed in duplicate to assess myelopoiesis
in the presence of N-oxide-clozapine at 18 and 30 uM. N-oxide-clozapine
was added as the final step to the enriched cell population prepared for
culture in IMDM & FCS & G CSF. and myelopoiesis assessed over 132
hours at 379c as before.

2.3.5 MYELOPOIESIS IN THE PRESENCE OF DRUG & ASCORBIC ACID:

In four experiments ascorbic acid, at a final concentration of
100ug/ml ,was added to cells cultured in the presence of 30 & 60x10-6M
clozapine to assess a possible protective role of ascorbic acid against
the toxic effects of Clozapine.

Cells cultured in the presence of 100 ug/ml ascorbic acid and clozapine
alone were used as controls.

In four experiments ascorbic acid, at a final concentration of 100
ug/ml was added to cells cultured in the presence of 18 & 30x10-6M N-
desmethyl -clozapine to assess a possible protective role.

Cells cultured in the presence of 100 ug/ml ascorbic acid and N-
desmethyl -clozapine alone were used as controls.
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CHAPTER TWO

2.4 IMMUNE MECHANISMS OF CLOZAPINE INDUCED
AGRANULOCYTOSIS

In chapter four, possible immune mechanisms of clozapine induced
agranulocytosis were investigated.

The reintroduction of clozapine for use in treatment resistant
schizophrenics in the UK. in 1989 required strict haematological
monitoring to ensure early detection and prevention of
agranulocytosis. Patients were registered on a monitoring system and
treatment was withdrawn from those who experienced falling
WBC/ANC ( Introduction 1.11.1).

Sera was collected from twenty five patients who experienced
neutropenia and sixteen agranulocytosis. A serum bank was
established and samples used in the investigation of possible immune
mediated mechanisms.

2.4.1 SERA CLASSIFICATION:

Samples collected were classified as follows:

1.Pre; Serum taken on CPMS registration before clozapine therapy

began.

2.Acute phase; Serum taken when the patient experienced
neutropenia/ agranulocytosis.

3.Convalescent phase; Serum taken shortly after acute phase when
the patients blood counts had not fully recovered and drug and/or
antibodies would still be present.

4.Recovery phase; Serum taken with a fully recovered WBC/ANC.

Samples were stored in 500 ul aliquots at -200c.
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CHAPTER TWO

2.4.2 PATIENT CLASSIFICATION:

Patients were classified according to the fall in WBC/ANC experienced
(Introduction 1.11.2). Of the samples collected, eight belonged to group
Al. Four patients, two male ,two female , experienced neutropenia. The
neutrophil count ranged from 0.7 to 1.46 x109/1 and clozapine dose 100
to 700mg. Four patients, predominately older males, experienced
agranulocytosis with neutrophil counts ranging from 0.07 to 0.35 x
109/1. Patient details are given in table 7.

Table 7 : Group Al patient details.

PATIENT
WBC ANC AGE SEX DOSE
x10921 x109/1
1. R.S. 34 1.46 61 M 100mg
2. H.P. 24 0.7 4 F 300mg
3.N.O. 25 1.15 39 M 700mg
4. P.C 3.6 0.9 53 F 450mg
5. P.W. 2.2 0.2 45 F 150mg
6. P.M. 1 0.1 54 M 400mg
7. AR 37 0.35 48 M 450mg
8. J.B. 145 0.07 39 M 400mg
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CHAPTER TWO

Sixteen serum samples were collected on patients in group A. Seven
males experienced neutropenia (ANC 0.96 - 1.41) and nine patients of
both sexes agranulocytosis (ANC 0.02 - 0.46).

Table 8 : Group A patient details

PATIENT

WBC ANC AGE SEX DOSE

x109/1 x109/1
1.IL.M. 31 0.96 36 M 600mg
2.T.L 26 141 42 M 400mg
3.CS. 27 0.98 4 M 450mg
4.CM. 2.87 1.41 27 M 400mg
5. R.P. 27 1.02 45 M 800mg
6. TM. 34 1.19 26 M 250mg
7. AM. 2.83 1.12 38 M 500mg
8. G.G. 3 0.46 35 F 350mg
9.D.D. 0.94 0.3 40 M 450mg
10.R.K. 0.56 0.02 39 M 700mg
11.CR 1.6 0.02 28 M 300mg
12.M.A 1.36 0.39 29 M 300mg
13.AA. 1.3 0.1 42 F 250mg
14.1.R 1 0.34 41 F 300mg
15.G.T. 21 0.2 56 F 500mg
16.D.C. 0.9 0.18 22 M 650mg
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CHAPTER TWO

Seventeen serum samples collected on patients in group C had the lowest
incidence of agranulocytosis with only three patients experiencing
neutrophil counts below 0.5 x 109/1 (range 0.02 - 0.25). Fourteen patients of
both sexes experienced neutropenia.

Table 9 : Group C patient details.

PATIENT
WBC ANC AGE SEX DOSE
x109/1 x109/1

1.G.R 4.8 1.3 34 F 400mg
2.D.W. 1.73 0.66 56 M 350mg
3.BS. 26 05 43 M 100mg
4. DA 42 1.29 18 F 500mg
5.D.L. 27 1.26 38 F 400mg
6.G.E 2.05 1.19 33 M 700mg
7.G.R 3.1 1.46 26 M 350mg
8.C.R. 1.06 1.02 438 M 300mg
9.F.E 2.56 1.21 33 M 500mg
10.V.S. 3.2 1.2 &4 F 400mg
11.R.K. 295 1.24 o4 F 350mg
12. HS. 24 0.81 43 M 450mg
13.EQ 2.81 1.48 35 F 100mg
14. A.B 4.24 1.38 28 F 600mg
15.GH 1 0.25 63 M 300mg
16.D.B. 1.2 0.1 60 F 275mg
17. A.B 0.5 0.02 28 F 350mg

Serum was also collected from one neutropenic patient in group B.
Table 10 : Group B patient details.
PATIENT

WBC ANC AGE SEX  DOSE
Lioc 336 122 - 24 M 187mg
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CHAPTER TWO

2.4.3 TESTS FOR SERUM SUPPRESSION OF MYELOPOIESIS :

The possibility of a cytotoxic factor in human serum was investigated.
Serum taken before (Pre), during (Acute), and after (Recovery)
agranulocytosis was aliquoted and stored at -209c. On the day of culture
the samples were thawed, heat treated at 56°c for 30 minutes to
inactivate complement then incorporated into cells prepared for
culture as before in IMDM + 15% FCS + 10 ng/ml G CSF at 10% and 40%
volume. Myelopoiesis in the presence of serum was assessed over 132
hours by Facscan analysis of CD33 loss and CD16 gain as before
(2.2.3-7).

Normal AB serum was chosen at random from samples in the blood
bank from non chemotherapy patients having minor operations and
used as a negative control. Control sera was also incorporated at 40%
from four non clozapine related neutropenic patients.

2.4.4 COMPLEMENT DEPENDENT CYTOTOXIC FACTOR IN PATIENT
SERUM:

Enriched myeloid precursor cells were prepared for culture in IMDM +
15% FCS + 10 ng/ml G CSF at a concentration of 1x106 /ml. At time O
drug was added at a non toxic concentration and the cells cultured for
12 hours at 379c in humidified air + 5% CO2. After 12 hours the cells
were pelleted, incubated with either control or test serum and fresh
normal serum as a source of complement for an hour at 379c.Excess
serum was removed by washing in IMDM then the culture continued in
the presence of FCS and G CSF but absence of drug. A possible cytotoxic
complement dependent factor was assessed by tracking myelopoiesis as
before(2.2.3-7).

46



"( -$ EEO . I% ,$%-1 + &%%S$-(-&, " +%-&%"'( (-

/,*) /%% * * &%" "+ "+ &% $! -, *E-"F)E-& 5 ! + "
I$'"+"%/ " (#& 7"+ %~ 0 :
6 O
<99 2

9+ "(<(*%



CHAPTER TWO

Aim: To screen for circulating immunoglobulins/antineutrophil
antibodies in acute phase serum.

10 mls of whole blood from three normal donors were collected into 1
ml 5% disodium EDTA.Neutrophils were obtained by layering blood
diluted 1:1 in filtered PBS onto a double density ficoll gradient (1 part
1119 ficoll ;1 part 1077 ficoll; 2 parts diluted blood) and centrifuging at
2000g for 45 minutes (Class, 1979). Excess ficoll was removed by
washing in PBS and the cells re suspended to between 1-2x106/ml. They
were then exposed to 1% filtered paraformaldehyde pH 7.2 for 5
minutes at room temp to block non-specific binding via Fc receptors,
washed and 50 ul of fresh, fixed granulocytes incubated with 50 ul of
the appropriate serum for one hour at 379 (Verguht 1978).

Excess serum was removed by washing then the cells incubated for 30
mins with either FITC conjugated anti-mouse immunoglobulins; FITC
conjugated anti human IgG or FITC conjugated anti human IgM.

Facscan analysis was performed using a Becton Dickinson Facscan
equipped with single argon laser emitting at 488nm, 5000 events
counted and fluorescence assessed on cells gated according to their
light scattering properties, either "granulocyte" with a high side
scatter and low forward scatter or "lymphocyte" with a low forward and
side scatter (Figure 22).

Median fluorescent intensity (MFI) was recorded on each normal donor
on cells falling within the granulocyte region.

The results were recorded in terms of a ratio;

MEFI with anti human IgG/ IgM

MFI with anti mouse Ig
allowing for comparisons between experiments.
Where possible the patient's acute phase serum was analysed with
respect to his/her pre and recovery serum. In the majority of cases
positivity was assessed in terms of the test serum ratio being greater
than a range of ratios obtained using 10 normal donors and serum
from two patients registered with the CPMS system who were still
receiving treatment.
For each experiment known po.svitive and negative control serum
samples were analysed.
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CHAPTER TWO

2.5 INDIVIDUAL SENSITIVITY:

In chapter five, peripheral blood from one patient and bone marrow
from five patients who experienced clozapine induced agranulocytosis
or neutropenia were investigated to determine idiosyncratic
susceptibility.

1.PATIENT PM:

A fifty four year old male receiving 400mg of clozapine developed
agranulocytosis thirteen weeks into treatment. He experienced a
precipitous fall in white cells over twenty days with a brief
neutrophilia which classified him in group Al. At de-registration
from the CPMS system his WBC and ANC were 2.0 and 0.38 respectively.
His counts continued to fall reaching a nadir at 1.2 and 0.02 x109/1
fourteen days later. Treatment wifh G-CSF and antibiotics resulted in a
recovery of his white cell counts after sixteen days of neutropenia.
Bone marrow was harvested from patient PM with a fully recovered
white blood count eight months later. 20mls of bone marrow were
collected into RPMI medium containing 300 units of heparin and
prepared for culture as described (2.2.2).

2.PATIENT GR:

A thirty four year old female developed neutropenia after seven
months treatment with clozapine at a maximum dose of 400mg. A
gradual decline in her WBC and ANC was observed, classifying her as
group C. Clozapine treatment was withdrawn after her WBC and ANC
fell to 6.2 and 1.4 x109/1 respectively. The overall period of
neutropenia was fourteen days although her neutrophil count
oscillated between 1.1 and 1.9 x109/1 before finally recovering. Bone
marrow was harvested from patient GR over a year later at which
point her WBC and ANC were normal 7.3 and 5.4 x109/1 respectively.
20mls of marrow were harvested from the iliac crest and collected into
RPMI medium containing 300 units of heparin and prepared for
culture as described (2.2.2).
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CHAPTER TWO

3.PATIENT BS:

A forty two year old male who experienced borderline neutropenia.
This patient is uncharacteristic of the majority of clozapine induced
neutropenics as he had been successfully treated with 900mg of
clozapine for almost two years. Treatment was withdrawn because his
WBC fell below 3.0 x109/1. A brief neutropenia was experienced , lasting
only three days when his neutrophil counts fell from 1.6 to 1.5 x109/1.
This patient does not fall into any of the given categories but has been
included as his neutropenia does appear to be related to clozapine
therapy. His neutrophil count was normal when treatment started,
6x109/1 and ranged from 3.3 to 12.5 x109/1 over his two years of
treatment. 20mls of bone marrow were collected into RPMI medium
containing 300 units of heparin and prepared for culture as described
(2.2.2).

4. PATIENT DW:

A fifty six year old male who experienced neutropenia after nine
weeks of clozapine at a maximum dose of 350mg. Patient DW, classified
in group C, experienced a gradual decline in WBC and ANC reaching a
nadir at 1.73 and 0.66 x109/1 respectively. The duration of neutropenia
was twenty one days. 20mls of bone marrow were harvested six
months later when the patient had fully recovered, collected into
RPMI medium containing 300 units of heparin and prepared for
culture as described (2.2.2).

5. PATIENT GH:

In one instance bone marrow was harvested into RPMI containing 300
units of heparin from a patient during the period of agranulocytosis
(acute). Patient GH is a sixty three year old male who developed
agranulocytosis after thirteen weeks treatment with clozapine at a
maximum dose of 300mg. He experienced a gradual decline in WBC and
ANC ( group C) which fell from 6.83 and 5.36 x109/1 at the start of
treatment to 1.0 and 0.25 x109/1 respectively. The patient was treated
with GM-CSF and antibiotics and his counts recovered after twelve
days. 20mls of bone marrow were harvested from the iliac crest at the
time of agranulocytosis and prepared for culture as described (2.2.2).
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CHAPTER TWO

2.5.1IDIOSYNCRATIC SENSITIVITY TO CLOZAPINE , N-DESMETHYL:

Cells from patients PM, GR, BS and GH were cultured in the presence of
increasing concentrations of clozapine and N-desmethyl-clozapine as
for normal donors ( 2.3.2 and 2.3.3).

2.5.2 SERUM SUPPRESSION OF AUTOLOGOUS CELLS:

Cells from patients PM, BS and GH were cultured in the presence of
serum at 10% and where possible 40% volume of culture as for serum
screened against normal donors (2.4.2). Myeloid growth in the
presence of serum taken at the time of agranulocytosis (acute phase)
was compared to growth in the presence of pre and recovery phase
sera.

2.5.3 DRUG DEPENDENT SUPPRESSION OF MYELOPOIESIS:

Using cells from patients PM and BS, drug dependent serum
suppression of autologous myeloid growth was determined by
incorporation of a combination of clozapine, N-desmethyl-clozapine
and N-oxide- clozapine at a final concentration of 9uM with the cells at
the beginning of culture .

Acute cells from patient GH were cultured for 132 hours in the
presence serum at 10% volume with 18uM clozapine and 18uM N-
desmethyl added independently at the beginning of culture.

2.5.4 COMPLEMENT DEPENDENT SUPPRESSION OF MYELOPOIESIS:

Using cells from patients PM and BS complement dependent
suppression of myelopoiesis was determined by culturing cells for
twelve hours with clozapine, N-desmethyl-clozapine and N-oxide-
clozapine at a final concentration of 9uM. Complement dependent
suppression of myelopoiesis in patient GH was determined by culturing
the cells in the presence of 9uM N-desmgthyl-clozapine only. The cells
were then pelleted and exposed to either pre, acute or recovery sera
for one hour at 379c. Excess serum was removed by washing in IMDM
and the culture continued as for normal cells (2.4.3)
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CHAPTER TWO

2.5.5 TESTS FOR AUTOLOGOQUS ANTI-MYELOID ANTIBODIES

In three instances (patients PM,DW,GH) sera was reacted with
mononuclear cells isolated from autologous bone marrow in the aim of
detecting circulating immunoglobulins directed against immature
precursor cells.

HAPTEN MECHANISM

1x106 low density bone marrow mononuclear cells were prepared for
culture in IMDM + 5% FCS.A non toxic combination of Clozapine, N-
desmethyl! clozapine and N-oxide clozapine were incorporated into
culture, final concentration 9x10-6M, at time O. After 12 hours culture
at 370C the cells were pelleted , fixed in 1% paraformaldehyde for 5
minutes at room temperature, washed then incubated with 50 ul of the
appropriate serum.After 1 hour at 379c the cells were then washed and
incubated with either FITC conjugated antimouse immunoglobulins or
FITC conjugated anti-human IgG/IgM.

IMMUNE COMPLEX MECHANISM

1x1(P low density bone marrow mononuclear cells were prepared for
culture in IMDM + 5% FCS. After 12 hours culture at 37 ©C the cells
were pelleted and fixed in 1% paraformaldehyde for 5 minutes at room
temperature. The cells were then presented as targets for serum
preincubated with a previously determined, non toxic combination of
N-oxide, N-desmethyl and clozapine at a final concentration of 9x10 -
©M, for an hour at 37 Oc to allow possible immune complex formation.
The cells were then presented to serum and labelled with anti human

IgG and IgM as before.

AUTOANTIBODY MECHANISM

1x106 low density bone marrow mononuclear cells were prepared for
culture in IMDM + 5% FCS.After 12 hours at 37°C + 5% CO2 the cells
were pelleted and fixed in 1% paraformatdehyde for 5 minutes at room
temperature. ‘ ‘

The fixed cells were exposed to serum and labelled with anti human IgG
& IgM as before however the reaction was completely independent of

drug.
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CHAPTER TWO

Facscan analysis was performed. using a Becton Dickinson Facscan,
5000 events counted and fluorescence assessed on cells falling within
the granulocyte and blast regions.

Median fluorescent intensity (MFI) was recorded and the results
expressed in terms of a ratio;

MF] with anti } 1eG/ IeM

MFI with anti mouse Ig

Patient acute serum was analysed with respect to his pre and recovery
serum.

2.5.6 TESTS FOR AUTO REACTIVE ANTINEUTROPHIL ANTIBODIES:

20mls of peripheral blood was obtained from a twenty eight year old
female who had experienced clozapine induced agranulocytosis after
eighteen weeks of treatment. Patient AB experienced a gradual decline in
WBC and ANC (group C), reaching a nadir at 0.5 and 0.02 x109/1
respectively.

Granulocytes were obtained by layering blood diluted 1:1 in RPMI onto a
double density ficoll gradient. Cells were prepared as before (2.4.4) then
incubated with S50ul of sera , either pre, acute phase or recovery phase.
50ul of a non toxic concentration of either clozapine, N-desmethyl-
clozapine or N-oxide-clozapine was also added to each sera and the cell-
serum-drug combination incubated for 30 minutes at 379c. Excess drug and
sera were removed by washing in IMDM then the cells incubated with
either fluorescent conjugated anti-human-IgG or anti-human-IgM ( 2.4.4).
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CHAPTER TWO

2.5.7 LYMPHOCYTE PHENOTYPING:

Evidence of lymphocyte activation was determined by phenotyping.

50 ul aliquots of heparinized blood obtained at the time of neutropenia
were incubated with 5 ul of the following monoclonal antibodies for 30
minutes at room temperature.

IgG1 FITC  irrelevant control

CD3 Pan T

CDh4 TH subset

CD8 Ts subset

CD16 NK cells

CD19 B cells

CD14 monocytes

CD15 granulocytes
CD45 white blood cells

HLA-DR B cells/monocytes

IgG1 PE irrelevant control
CR3 complement receptor
CD56 NK cells

2 mls BD lysing solution were added to each tube for 10 minutes , the
cells were then vortexed and washed with PBS and were then ready for
Facscan analysis. 5000 events were counted on cells falling within the

lymphocyte region.

2.5.8 ELEVATED LEVELS OF CLOZAPINE AND N-DESMETHYL CLOZAPINE IN
PATIENT SERUM

Circulating serum levels of clozapine and n-desmethyl clozapine were
assessed in "acute" phase serum from-’twenty five patients by Dr.
S.Dowling at Guys Hospital poisons unit.
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CHAPTER TWO

2.6 OTHER CASES OF DRUG INDUCED AGRANULOCYTOSIS;

In chapter six other cases of drug induced agranulocytosis were
investigated .

2.6.1 1,2 - DIMETHYL-3-HYDROXYPYRID-4-ONE (L1) INDUCED
MYELOTOXICITY:

L1 over 99.5% pure was synthesised at the Royal Free Hospital
(Kontoghiorghes 1987). L1 was added to enriched myeloid precursor
cells prepared for culture (2.2.2) at concentrations of 0, 16, 32, 63, 250
and 1000 uM. In one experiment standard CFU-GM cultures were
performed in conjunction with liquid culture systems to determine L1
induced myelotoxicity.

CFU-GM CULTURE:

Semisolid agar cultures were performed in twelve well (24mm) flat
bottomed tissue culture dishes. 0.4 ml of 5% Bacto-agar in Mc Coys
medium with 10% Fcs was aliquoted as underlayer. Cells were added to a
3% Bacto-agar/McCoys medium/10% Fcs solution at a concentration of
2x103/ml. The growth of granulocyte-macrophage clones was
stimulated by the addition of purified recombinant human GM-CSF at 50
units/ml. Cultures were incubated at 379c in a humidified environment
of 5% CO2 in air. Triplicate cultures were scored after seven days. Both
colonies and clusters of more than 10 cells were scored and the results
expressed with respect to untreated controls.

LIQUID CULTURE:

See 2.2.2 10 2.2.7

L1 (M.Wt 139)> was made up as a 40mM stock in sterile distilled water
and the appropriate serial dilution's were made immediately prior to
culture.

2.6.2 DESFEROXAMINE (DFX) INDUCED MYELOTOXICITY:

The myelotoxic potential of L1 in vitro was compared to another iron
chelator , desferoxamine (DFX). DFX was dissolved in double distilled
sterile water then incorporated into enriched myeloid precursor cells
prepared for culture (2.2.2-7) at concentrations of 0, 16, 32, 63, 250 and
1000uM.
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CHAPTER TWO

2.6.3 IRON AVAILABILITY AND MYELOTOXICITY:

In four experiments iron chloride, prepared as a 13mM stock, was
added at time O to cells prepared for liquid culture in increasing
concentrations of L1 (2.6.1) at a chelator : iron ratio of 3:1.

In three experiments iron chloride was incorporated into culture with
cells prepared in increasing concentrations of DFX (2.6.2) at a chelator:
iron ratio of 1:1.

In each case cells were cultured for 132 hours and myelopoiesis was
determined by Facscan analysis of myeloid antigen expression(2.2.4
-7).

In one further experiment the importance of iron availability and time
was also determined. Saturating levels of iron chloride were
incorporated into cells prepared for culture in 250uM L1 and DFX
respectively at four, six, ten and twenty four hours.

2.6.4 IDIOSYNCRATIC SENSITIVITY TO L1:

A sixty three year old male developed agranulocytosis after receiving
L1 at a daily dose of 79g/Kg. Treatment was withdrawn and bone
marrow harvested after recovery from L1 induced agranulocytosis.
Enriched myeloid precursor cells were cultured in the presence of
increasing concentrations of L1 in the presence and absence of iron
and myelopoiesis assessed after 132 hours culture by Facscan analysis
of differentiation antigens, as before.

The possibility of a cytotoxic factor in human serum was investigated.
Serum taken before (Pre), during (Acute), and after (Recovery)
agranulocytosis was aliquoted and stored at -209c. On the day of culture
the samples were thawed and incorporated into cells ,prepared for
culture as before , at a final concentration of both 10 and 40% volume.
Suppression of myelopoiesis with serum in the presence and absence
of drug was determined after 132 hours culture by Facscan analysis of
CD16 and CD33. ‘
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CHAPTER TWO

2.6.5 TESTS FOR L1 ASSOCIATED ANTIMYELOID ANTIBODIES:

A twenty year old female with beta thalassemia major developed
agranulocytosis eleven weeks into L1 chelation therapy (Al-Refaie
1993). Bone marrow was harvested a year after agranulocytosis into
300 units of preservative free heparin. Low density bone marrow
mononuclear cells were isolated using a Ficoll gradient then cultured
for twelve hours with 15% Fcs. '

IMMUNE COMPLEX MECHANISM:

The possibility of L1 associated antimyeloid antibodies resulting from
immune complex formation was investigated. Cells cultured in the
absence of drug were exposed to 1% paraformaldehyde for five
minutes to block non specific Fc receptor binding (2.5.5). The cells
were then presented as targets for serum preincubated with a
previously determined, non toxic concentration of L1 (63uM). Serum
taken before onset of agranulocytosis (pre) was compared to serum
taken during the period of agranulocytosis (acute). After a thirty
minute incubation at 379c, excess serum was removed by washing and
binding of immunoglobulins to the cells was determined by the
addition of fluorescent conjugated anti human anti IgG or anti IgM and
Facscan analysis.

HAPTEN MECHANISM:

The possibility of L1 induced agranulocytosis by hapten formation was
also investigated. Cells cultured for twelve hours with a non
myelotoxic concentration of L1 (63uM) were exposed to
paraformaldehyde for five minutes then presented as targets for pre
and acute serum independently. After a thirty minute incubation at
370c, excess serum was removed by washing and binding of
immunoglobulins to the cells was determined by the addition of
fluorescent conjugated anti human anti-IgG or anti IgM and Facscan
analysis.
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CHAPTER THREE

CHAPTER THREE

EVALUATION OF POTENTIAL TOXIC MECHANISMS OF
CLOZAPINE INDUCED AGRANULOCYTOSIS
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CHAPTER THREE

INTRODUCTION;

Given the complex nature of drug induced cytopenias a liquid culture
system has been established which allows simultaneous analysis of both the
mitotic and maturation compartments of myelopoiesis . Flow cytometric
analysis of myeloid antigen expression with time allows for a highly
accurate assessment of insults to myelopoiesis which is fully automated and
non subjective. It is possible to assess toxic mechanisms of agranulocytosis
by drugs on an individual basis and in combination with serum and
complement. This could prove useful in understanding the wunderlying
mechanisms of agranulocytosis and identification of the target cell
involved. A drug toxic to myeloblasts might be expected to have a more
prolonged and severe effect than one effective against mature neutrophils.

Initially assessed were the myelotoxic properties of clozapine and two
metabolites , N-desmethyl-clozapine and N—oxidé-clozapine, the three major
compounds recovered from blood of patients receiving clozapine. Using
normal donors we compared their myelotoxic properties to
chlorpromazine, the archetypal drug causing agranulocytosis via a toxic

mechanism.
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CHAPTER THREE

3.1 COMPARISON OF CLOZAPINE, CHLORPROMAZINE,
ESMETHYI:

In four experiments performed in triplicate a direct comparison was made
between the effects of clozapine, the N-desmethyl metabolite and
chlorpromazine to determine assay sensitivity (Chapter 2.3.1). Considerable
investigations into the toxic effects of chlorpromazine on myelopoiesis in
vitro have been carried out by Pisciotta (1973), using a standard CFU-GM
culture system, the LD50 is clearly defined and idiosyncratic sensitivity to
the drug demonstrated.

3.1.1 CHLORPROMAZINE EFFECTS ON CULTURE:

Analysis of cells in the myeloid region (figure 23) reveals cells cultured in
the absence of drug (23.A) fall mainly within the myeloid region
although the more mature cells have died with time forming a non viable
cloud to the left of the lymphocytes. Cells cultured in the presence of
increasing concentrations of chlorpromazine, (figures 23.B & C) , show an
increased number of non viable cells with falling side scatter and low
forward scatter. There is a simultaneous decrease in immature
proliferating cells within the myeloid gate, the higher the concentration
of chlorpromazine the greater this effect. Myeloid specific antigen
expression decreases with increasing chlorpromazine concentration (Table
11).

TABLE 11: CD16 expression on myeloid cells cultured with chlorpromazine.

CHLORPROMAZINE CONCENTRATION

OuM 3uM 9uM 18uM 30uM
CD16+ Events | 750 681 - 443 65 3 .
742 556 390 141 24
Mean CD16+ | 746 619 417 103 14
S.D 14 63 27 38 11
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CHAPTER THREE

3.1.2 CLOZAPINE EFFECTS IN CULTURE:

Myeloid specific antigen expression is inhibited in cells cultured with
increasing concentrations of clozapine (Table 12).

TABLE 12: CD16 expression on myeloid cells cultured in clozapine.

CLOZAPINE CONCENTRATION
OuM 3uM 9uM 18uM 30uM
CD16+ Events | 750 599 606 541 485
742 5353 500 492 502
Mean CD16+ 746 576 553 517 494
S.D 4 23 53 25 9

At the highest concentration of Clozapine, 30uM, immature proliferating
cells can still be seen in the myeloid region although some cell death is
evident (Figure 24).

3.1.3 DESMETHYL EFFECTS ON CULTURE:
The N-desmethyl metabolite exhibits greater toxicity to myelopoiesis than
Clozapine. With 30uM N-desmethyl the number of immature proliferating
cells assessed by CD16 expression decrease by greater than 50% (Table 13 ).
TABLE 13: CD16 expression on myeloid cells cultured with N-desmethyl-
clozapine.

N-DESMETHYL CONCENTRATION

OuM 3uM 9uM 18uM 30uM
CD16+ Events | 750 o4 486 459 95

742 585 478 374 123
Mean 746 595 482 417 109
S.D. 4 10 4 43 14

Non viable cells, falling outside the myeloid gate, increase with increasing
concentrations of drug (Figure 25).
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TABLE 14: SUMMARY OF RESULTS OF FOUR EXPERIMENTS COMPARING
CLOZAPINE, N DESMETHYL & CHLORPROMAZINE.

CHLORPROMAZINE CONCENTRATION

OuM 3uM 9uM 18uM 30uM
No. of Exps 4 4 4 4 4
Mean No. CD16+ Events (%) | 100 2P0 58 10 2
Mean inhibition (96) 0 10 42 N0 98
S.D. 0 6 7 1 2
Range of response 83 -98 50-64 8-11 1-5

N DESMETHYL CONCENTRATION

OuM 3uM 9uM 18uM 30uM
No. of Exps 4 4 4 4 4
Mean No. CD16+ Events (%) | 100 87 83 54 10
Mean inhibition 0 13 17 46 20
S.D. 0 14 20 19 3
Range of response 71-102 65-124 36-91 4-14

CLOZAPINE CONCENTRATION

OuM 3uM 9uM 18uM 30uM
No. of Exps 3 3 3 3 3
Mean No. CD16+ Events (%) | 100 PO 78 75 52
Mean inhibition 0 1 22 25 438
S.D 0 16 10 17 9
Range of response 98-123 75-94 62-101 38-59




CHAPTER THREE

COMPARISON OF CLOZAPINE, CHLORPROMAZINE AND N-DESMETHYL
CLOZAPINE EFFECTS ON CD16+ MYELOID CELLS:

Clozapine , n-desmethyl-clozapine and chlorpromazine cause dose
dependent suppression of myelopoeisis in vitro. Comparing mean
inhibition at each dose demonstrates chlorpromazine to be more toxic to
myelopoiesis than N-desmethyl-clozapine or clozapine itself. 98%
inhibition of myeloid growth is evident at 30uM chlorpromazine ,N-
desmethyl by comparison causes 90% inhibition and clozapine inhibits
growth by only 48% at this dose (Table 14). At the lower dose of 18uM,
chlorpromazine causes 90% inhibition of myelopoiesis and N-desmethyl
469%, clozapine does not significantly inhibit myelopoiesis. At 9uM , near
therapeutic levels, chlorpromazine still causes greater than 50% inhibition
whereas clozapine and n-desmethyl-clozapine have little inhibitory effect.
These results confirm the sensitivity of the assay system as chlorpromazine
LD50 lies below 9uM, more than half the LD50 concentration (20uM)
calculated using a CFU-GM culture system (Pisciotta 1973).

The results demonstrate the N-desmethyl derivative to be the most toxic
derivative of clozapine studied. All three drugs inhibit myelopoiesis in a
dose dependent fashion, the slope of inhibition is similar between
chlorpromazine and N-desmethyl-clozapine although chlorpromazine
inhibits myelopoiesis to a greater extent (Figure 26).
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TABLE 15 : % INHIBITION OF MYELOID GROWTH AFTER 132HR CULUTRE
WITH CLOZAPINE ASSESSED BY CD16 EXPRESSION

CLOZAPINE CONCENTRATION

No. of Experiments OuM 3uM 9uM 18uM  30uM 60uM

1 0 16 0 18 31

2 0 16 0 19 53

3 0 0 18 16 35 66

4 0 14 0 13 26 73

5 0 0 0 0 0 91

6 0 15 32 25 40 56

7 0 11 18 19 3“4 63

8 0 0 19 21 52 87
19 0 0 "0 20 39 91

10 0 27 32 29 55 81

11 0 0 25 7 42

12 0 2 15 30 57

13 0 0 1 8 13

Mean CD16+ Events: 0 9 13 17 37 76

(% control)

S.D. 0 9 13 8 15 13

Range of response

(% control) 0-27 0-32 0-30 0-30 56-91

TABLE 16 : CLOZAPINE TOXICITY TO CD16+ MYELOID CELLS , FOLD INCREASE

CLOZAPINE CONCENTRATION
No. Exps  OuM 3uM 9uM 18uM 30uM 60uM
1 23 20 21 19 16
2 97 81 97 69 49
3 4 40 Rz RZ) 29
4 13 11 12 10 9 4
5 31 41 40 37 31 4
6 25 21 25 19 16 14
7 20 18 18 18 16 11
8 12 12 9 10 7 2
9 P 141 116 80 61 35
10 183 134 126 129 83
11 27 29 20 27 16
12 27 27 23 19 12

13 38 38 37 35 33


















































































































































































































































































