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Abstract

Aplastic anaemia (AA) is a life-threatening disorder characterised by
hypoplastic bone marrow and peripheral blood pancytopenia. The causes of AA are
varied and include viruses, irradiation, chemicals and drugs. Recently, a new model of
chronic bone marrow aplasia (CBMA) in the busulphan- (BU-) treated mouse was
reported. In this model, female BALB/c mice treated with BU developed ‘late-stage’
(residual) CBMA on day 91 and 112 post dosing. In the mouse, CBMA shared many
similarities with AA in man, however, treating mice with BU at a dose level of 10.50
mg/kg lead to high mortality. In subsequent studies, it was demonstrated that by
lowering the dose of BU to 9.0 mg/kg, treated mice developed CBMA but without high
levels of mortality.

Initially, in the present investigations, the model of BU-induced CBMA in the
mouse was used to measure changes in the concentration of the serum cytokine fms-
like tyrosine kinase 3 (FLT3) ligand (FL). During periods of bone marrow aplasia the
concentration of serum FL was increased. This elevation of FL was also inversely
proportional to several peripheral bloéd and bone marrow parameters.

The effects of administering the immunosuppressant drug cyclosporin A (CsA)
to mice with BU-induce CBMA was assessed. When administered on day 57 post
dosing for 30 days at 35 mg/kg/day, CsA did not protect mice rfrom BU-induced
CBMA. |

Experiments were also carried out using chlorambucil (CHB), mitomycin C
(MMC) and azathioprine (AZA) to investigate if these drugs were capable of inducing
significant bone marrow injury and late-stage (residual) effects. It was shown that
CHB, MMC and AZA caused significant bone marrow depression in the immediate

post dosing period, but did not cause significant late-stage (residual) bone marrow



injury and CBMA. However, a mild residual effect on the erythroid lineage was evident
in mice treated with MMC and with AZA.

It is concluded that BU-induced CBMA in the mouse is a useful model for the
study of the pathophysiological aspects of drug-induced bone marrow injury, and for
the assessment of therapeutic agents employed to treat such conditions. Investigations
on the haemotoxicity of CHB, MMC and AZA suggested that these agents were not

suitable replacements for BU in the induction of CBMA.
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CHAPTER 1: Introduction

1.1. HAEMOPOIESIS

In the developing human foetus, haemopoietic stem cells develop in the aorta-
gonad-mesonephros region (Gordon 2005). Principally the liver, and to a lesser exfent
the spleen, carry out the role of blood cell production from week 6 of gestation. In the
later phases of gestation (from week 20), haemopoietic stem cells migrate from the liver
to the bone marrow, which then remains the site of haemopoiesis throughout childhood
and into adult life (Testa and Dexter 1997; Gunsilius et al. 2001).

In man, in early infancy (2 to 3 years), active bone marrow is found in all bones.
In the following years active haemopoietic tissue is gradually replaced by fat and the
role of haemopoiesis is carried out within the central skeleton (vertebrae, sternum, skull,
and pelvis) and the proximal ends of the femurs (Testa and Dexter 1997). In times of
stress, for example in severe haemolysis, expansion of haemopoietic tissue occurs down
the long bones replacing the fatty deposits with active red bone marrow..In man,
haemopoiesis can also take place outside of the bone marrow, in the spleen and liver;
however, this extramedullary haemopoiesis is rare and usually occurs in patients with
megaloblastic anaemia or myelofibrosis (Lewis 1997).

In contrast to the situation in man, haemopoiesis in mice and rats is very
different. The bones of the skeleton are generally full to capacity with active bone
marrow and therefore, during times of stress, it is not possible for the bone marrow to
expand further within the skeleton. As a consequence, extramedullary haemopoiesis
frequently occurs in the spleen (Andrews 1997).

Haemopoietic stem and progenitor cells in the bone marrow are surrounded by
stroma, a supportive microenvironment consisting of collagen fibres in association with

endothelial cells, fat cells and macrophages. Haemopoietic stem cells interact with the
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stromal microenvironment and the extracellular matrix of the bone marrow via cellular
adhesion molecules (CAMs) (Testa and Dexter 1997). As the cells mature, they leave
the bone marrow microenvironment and enter the blood stream. The marrow has a rich
supply of blood vessels (sinuses) into which maturing blood cells are discharged (Testa
and Dexter 1997).

Blood cell production in the bone marrow is regulated by haemopoietic
cytokines and growth factors (Table 1.1). Cytokines and growth factors are produced by
various cells and organs including, bone marrow stromal cells, fibroblasts, lymphocytes
and the kidney (Jones and Miller 1989; Hamblin 1997). Cytokines promote
differentiation, proliferation and maturation of primitive haemopoietic cells. Cytokines
and growth factors have varying roles in the control of blood cell production. Some act
on the haemopoietic stem cell and early progenitor cells (e.g. IL-3, stem cell factor)
while others act later on a particular cell lineage (e.g. Epo, G-CSF, M-CSF). Many
cytokines have been identified, some have little or no effect individually in the control
of haemopoiesis however, in combinations such cytokines have been shown to work in
synergy to promote cell proliferation (c-kit, IL-1) (Jones and Miller 1989; Hamblin

1997; Testa and Dexter 1997).

1.2. HAEMOPOIETIC STEM CELLS

The most primitive haemopoietic stem cell (HSC) is the pluripotent stem cell
from which all cells of the blood are derived (Fig. 1.1). The HSC pool constitutes a very
small population within the bone marrow, being only 0.01 to 0.05% of all the cells
present (Marsh and Testa 2000; Gunsilius et al. 2001). The HSC is characterised by a

great capacity for repopulation, self-renewal and differentiation. Under normal
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