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1.
CURRENT CONCEPTS OF COAGULATION. Georbe J. Broze, Jr. Division of Hematology, Washington University
School of Medicine, St. Louis, Missouri, USA.

In the current scheme, tissue factor plays a critical role in the initiation of coagulation. Plasma gains access to tissue
factor exposed at subendothelial locations at the site of a wound. Factors VIl and Vlla in plasma bind this tissue factor,
and the factor Vlla/tissue factor catalytic complex activates limited quantities of factor X and factor IX. Additional local
activation of factor VII may be produced by factor Vlla (auto-activation) or through feedback activation by other
proteinases (e.g. factor Xa, factor IXa, thrombin). Some factor Xa generates thrombin that produces the local activation
of platelets and the critical cofactors V and VIII. TFPI dampens the clotting process by producing factor Xadependent
feedback inhibition of the factor Vlla/tissue factor complex. Persistent and amplified production of factor Xa and thrombin
then proceeds through the actions of factor IXa with its cofactor Vllla. Factor Xla, perhaps activated by thrombin or
through other means, produces additional factor IXa to supplement that initially generated by the factor Vlla/tissue factor
complex before its inactivation by TFPI.

Based on the clinical phenotype of individuals with severe factor VII deficiency it is clear factor Vlla/tissue factor-
mediated initiation of coagulation is important for normal hemostatic function. Individuals lacking factors of the "contact"
system, including factor XII, high molecular weight kininogen, and prekallikrein do not bleed. Thus, contact activation is
not required for hemostasis, but may contribute to coagulation in certain pathologic conditions. The severe hemorrhagic
diathesis seen in hemophilia demonstrates that the amplified and perhaps sustained generation of thrombin by factor
Xa, which is produced by factor 1Xa/Vllla, is critical for ultimate hemostasis. This augmentation phase of coagulation is
required to: 1) overcome the effects of plasma proteinase inhibitors of coagulation enzymes and 2) prevent premature
lysis of the clot through thrombin-mediated activation of thrombin-activatable fibrinolysis inhibitor (TAFI, CPU). The
factor Vlla/tissue factor-mediated "initiation phase" of coagulation contributes to this secondary phase by priming the
system through the stimulation of platelets and the production of factor Va and Vllla, and by producing the initial factor
IXa. Under certain conditions and particularly in locations with high endogenous fibrinolytic activity, additional factor IXa
generated by factor Xla is required for hemostasis.

Mouse models of coagulation-related factor deficiencies support the importance of tissue factor initiated coagulation.
Tissue factor, factor VII, factor X, factor V and prothrombin null mice die during gestation and/or the peripartum period.
Factor VIII and factor IX deficient mice survive gestation, but display a severe hemorrhagic diathesis postpartum. Factor
Xl and TAFI null mice, however, appear asymptomatic in the unchallenged state, perhaps reflecting a lower fibrinolytic
potential in the mouse. Complete deficiency of TFPIv the major regulator of the initiation phase of coagulation, or protein
C, which plays an important role in limiting the augmentation phase of coagulation, lead to lethal disseminated
intravascular coagulation. Consistent with the multigenic nature of thrombophilia, the combination of modest defects in
the regulation of the initiation phase and augmentation phases of coagulation, heterozygous TFPI deficiency and the
factor VLeiden genotype, produce near absolute mortality in mice.



2.
VON WILLEBRAND’S DISORDER. Dr. Paul Giangrande, Oxford Haemophilia Centre, UK

Diagnosis of VWD:

VWD is the commonest inherited disorder of haemostasis sand the diagnosis is undoubtedly overlooked. Screening
programmes of target groups, such as women with menorrhagia, may be useful in identifying cases. The diagnosis
requires consideration of both the clinical history as well as laboratory data. No single test will suffice to establish the
diagnosis. A number of variables influence VWF levels, including age, gender, blood group, pregnancy, physical
exertion and oestrogen therapy and people with borderline results deserve repeat testing. In addition to the usual
screening tests, the PFA-100 has recently proved to be a sensitive screening instrument. An ELISA test using a
monoclonal antibody directed against a platelet-binding Gp-Ib binding site was widely used (at least in Europe) until
recently, when it was shown to be unreliable in detection of type 2 VWD. Many laboratories have now returned to using
functional assays based on ristocetin-induced platelet aggregation. However, an ELISA assay based on binding of VWF
to collagen has been increasingly adopted. An important advantage of this test is that it identifies primarily high
molecular weight forms of VWF and thus the VWF:CBA/VWF:Ag ratio may be used to subtype the disorder. Multimer
analysis has been generally regarded as providing the definitive method but it is not generally available and analysis is
often difficult. Type 2B VWD is associated with aggregation of platelets with a low concentration of ristocetin (0.5 mg/ml
or less). Type 2N VWD may be mistaken for mild haemophilia, and factor VIl binding tests are required for diagnosis.
Once a case of VWD has been identified, it is important to offer testing to relatives. Secondary VWD associated with
hypothyroidism has been described, which responds to thyroxine treatment.

Treatment of VWD:

DDAVP will raise the VWF and factor VIII levels 3-5 fold after a dose of 0.3 ug/kg. However, tachyphylaxis is observed
with repeated doses. A baseline level below 10 iu/dl will not be associated with satisfactory response. Hyponatraemia
and arterial thrombosis are recognised complications, and the drug is best avoided in both the elderly and children under
2. DDAVP may also be effective in type 2N VWD, although the half-life of factor VIII will be short. The use of DDAVP in
type 2B VWD is controversial, but there is now increasing evidence that it may be used safely. No recombinant VWF
concentrate is available yet. All blood products used in VWD should be subjected to virucidal treatment and
cryoprecipitate should no longer be used. Concentrates used for the treatment of patients unresponsive to DDAVP
which are widely used in the USA, Europe and Japan are 8Y (BPL, UK), Haemate P (Aventis Behring), Alphanate
(Alpha Corporation) and VHP-VWF (LFB, France). The content of VWF in these products is usually available, and VWF
levels of >100 peri-operatively are recommended and a level of not less than 50 iu/dl in the immediate post-operative
period. Many centres simply monitor the factor VIII level although this is merely a surrogate marker. Tranexamic acid
alone is very good in controlling bleeding form mucosal surfaces, eg epistaxis and menorrhagia. An intranasal spray
preparation is now available which may be useful for menorrhagia. The levels of VWF and factor VIII rise significantly
during pregnancy and haemostatic support is rarely required during pregnancy. However, there is undoubtedly a higher
risk of both primary and secondary post-partum haemorrhage in VWD and the factor VIII and VWF levels should be
checked a few days after delivery. DDAVP should only be used with caution during pregnancy.




3.
BLOOD VESSELS FROM BONE MARROW. Julie H Campbell, Chih-Lu Han, Johnny L Efendy and Gordon R
Campbell Centre for Research in Vascular Biology, University of Queensland, Brisbane, QLD 4072 Australia

We have shown that inserting a length (up to 80mm) of polyethylene tubing into the peritoneal cavity of rabbits, rats,
mice and dogs induces the formation of a granulation tissue capsule over 2-3 weeks. This is a general reaction to a
foreign object in the peritoneal cavity and acts to seal it from the rest of the body, just as pearl nacre forms around an
irritant piece of sand in an oyster. The capsule consists of myofibroblasts and the collagen matrix they have produced
covered by a single layer of mesothelial cells. The mesothelial cells are derived from the lining of the peritoneal cavity
and possesses anti-thrombotic properties similar to endothelial cells. The capsule can be removed from the
polyethylene tubing and everted by cutting one end then pulling it back over itself (like taking off a sock) such that the
mesothelium now lines the lumen. The resulting tube of living tissue (minus polyethylene tubing) now resembles a blood
vessel. As such, 20mm lengths have been successfully grafted by end to end anastomoses into the severed carotid
artery (rabbit) or abdominal aorta (rat) of the animal in whose peritoneal cavity it was grown. Successful arteriovenous
shunts (femoro-femoral) have also been achieved in the rabbit. To date, patency of up to 12 months has been
demonstrated by Doppler ultrasound. Histologically, by 3-4 months after transplantation to a high pressure arterial site,
the myofibroblasts have differentiated into smooth muscle-like cells volume fraction of myofilaments not significantly
different from cells of the nearby artery. Functionally, by 6 weeks they respond to vasoconstrictor agents in organ bath
studies, and relax in response to acetylcholine. Elastic fibres have formed within the ‘media’ and the outside surface
has developed a thick ‘adventitia’ complete with vasa vasorum. While the source of the ‘endothelium’ (mesothelial cells)
is clear, the origin of the granulation tissue myofibroblasts that subsequently become ‘smooth muscle-like’ cells is not
known.

To address this question we inserted pieces of tubing or boiled blood clot from another species (any foreign body
induces the granulation tissue response) into the peritoneal cavity of rats, rabbits and mice then harvested the capsule
at different times. In the first 2 or 3 days, rounded cells were seen attached to the surface. These cells stained with
labelled antibodies to Ly5 (CD45) showing that they were derived from haemopoietic cells of the bone marrow.
Ultrastructurally they resembled either resident peritoneal macrophages or less differentiated cells of bone marrow
origin. Mesothelial cells were also evident. By day 6, the capsule was already quite thick and composed of the same
rounded cells plus matrix covered by a continuous layer of mesothelium. By this time, some of the cells deep in the
capsule had begun to take on the appearance of fibroblasts and only a few cells stained with antibodies to Ly5. Cells
resembling macrophages and fibroblasts were both present alongside others with features of both cell types. By 2
weeks nearly all cells in the capsule were spindle-shaped, layered as in the media of a blood vessel and contained
peripheral bundles of myofilaments. They stained with labelled antibodies to a-smooth muscle actin but none of these
cells stained for Ly5, an antigen that is known to disappear as these cells differentiate.

To check the bone marrow origin of these cells, female C57BL/6 mice expressing the Ly5.2 variant on the surface of
their haemopoietic cells were X-irradiated to destroy bone marrow, then immediately transfused with 10° nucleated bone
marrow cells taken from the femur and tibia of a congenic strain of male mice expressing the Ly5.1 variant. Four weeks
later, flow cytometry of female mouse blood with Ly5.1 antibodies confirmed successful engraftment (80-99%) of male
marrow. Tubing was then placed into the peritoneal cavity of these female mice and the capsule harvested 14 days
later. In situ hybridization with a Y-chromosome probe confirmed the male donor, and thus bone marrow origin of the
elongated cells that formed the capsule and thence differentiated into smooth-muscle-like cells. In similar chimeric mice,
many of the a-smooth muscle actin containing cells that formed the neointima following scratch injury were derived from
cells of the bone marrow, questioning the origin of cells in restenotic lesions in human arteries following angioplasty.



4.

Antiphospholipid antibody-associated thrombosis:- Warfarin, Aspirin or Both??? Timothy A Brighton, Staff
Haematologist, St George Hospital, Kogarah and University New South Wales, Kensington, Sydney, NSW.
Australia.

The management of patients with antiphospholipid antibodies (aPL) and thrombosis is a poorly defined area of clinical
research. The purpose of this overview is to summarise the available literature and to identify key issues that require
urgent examination by prospective clinical trials.

Several characteristics of aPL-associated thrombosis deserve emphasis. Firstly the laboratory definition of aPL remain
difficult, contentious and poorly standardised. Lupus anticoagulants (LA) and anticardiolipin antibodies (aCL) remain the
principle aPL of clinical importance, although anti-beta 2-Glycoprotein (3,GPI) and anti-Prothrombin (Fll) antibodies are
also often assayed. Secondly, aPL may be associated with immune (e.g. SLE) and non-immune (e.g. idiopathic, drug-
induced, infections, malignancy) clinical disease. The thrombotic risk of aPL may vary depending on the clinical
association. Thirdly, aPL have been associated with venous and arterial thrombotic disease. Additionally various feto-
maternal complications, in particular recurrent fetal loss, are at least partly attributable to thrombosis of placental
vessels. Fourthly, a detailed pathophysiological understanding of aPL-associated thrombosis has eluded definition. The
term “antiphospholipid” is a misnomer given recent studies demonstrating antigenic specificity of these antibodies
toward phospholipid-binding proteins such as $,GPI and FII. It is not currently possible to distinguish thrombogenic from
non-thrombogenic aPL, either on clinical or laboratory characteristics. The uncertainty of the mechanisms of thrombosis
contributes to the controversy regarding causality and also undermines the clinical significance of aPL. Fifthly, the
current definition of the Primary Antiphospholipid Syndrome (PAPS) is all-inclusive, circular and perhaps has little
relevance when considering patients with only thrombosis (no thrombocytopenia or fetal loss) and aPL.

There is no doubt that aPL are associated with thrombosis in patients with and without definable immune disease.
Approximately 30-40% of patients with SLE have either aCL or LA and usually both. The relative risk of thrombosis in
retrospective and recent prospective studies of patients with SLE is between 3 and 10-fold. Recent prospective studies
in patients without definable immune disease have also found similar associations for aCL and LA (far fewer studies) for
venous and arterial thrombotic disease. In pregnant women with SLE, it is well accepted that aPL is a marker for
adverse fetal and maternal outcomes. In pregnant women without immune disease, while not conclusive it seems likely
that aPL are associated with fetal loss, intrauterine growth retardation and even preeclampsia.

Given the poor understanding of aPL-associated thrombosis and the apparent void of rigorous clinical research,
therapeutic decisions regarding anticoagulation remain difficult. The acute management of arterial or venous thrombotic
complications does not substantially differ from the standard considerations of age, site of occlusion and the presence of
coexisting disease. In both arterial and venous aPL-associated thrombosis there appears to be a propensity for
recurrence once anticoagulation is ceased. The presence of IgG aCL at any titre was significantly associated with
recurrence in large prospective studies of venous thrombosis. Evidence in arterial disease is more anecdotal. Clearly
some patients, perhaps predominantly those with immune disease, require high intensity anticoagulation. However given
the risks of haemorrhage, this should be reserved for patients failing conventional-intensity anticoagulation. Aspirin
alone anecdotally seems insufficient as secondary prophylaxis for venous and arterial thrombotic disease. Randomised
studies in fetal loss have demonstrated efficacy of heparins, which are the anticoagulants of choice. The addition of low
dose aspirin, while commonly practiced, remains unproven. Well-designed prospective studies are urgently required to
make improvements to the treatment of patients with aPL-associated thrombosis.



5.
OBSTETRIC ASPECTS OF Antiphospholipid ANTIBODIES. B.N.J. Walters. King Edward Memorial Hospital
Women and Royal Perth Hospital WA

The association of antiphospholipid antibodies with arterial and venous thrombosis has been recognised for sometime In
addition to these complications, this thrombogenic disorder has dramatic effects in pregnancy, for both mother and baby.
The incidence of fetal loss is increased at all stages of pregnancy, manifest as miscarriage e, mid trimester abortion and
fetal death in utero. For the mother, in addition to venous thromboembolism and arterial events, there are substantial
risks ink thrombotic and other complications of the pregnancy syndrome, pre eclampsia. These risks carry over into the
postnatal postnatal and hake implication for contraceptive practice.

Antiphospholipid antibodies occur in pregnancy in a number of scenarios. They may be present in women with known
autoimmune disease. The antibodies may have been discovered in the process of evaluation for thrombophilia in
women with previous thrombotic events. Thirdly, antibodies may have been discovered subsequent to investigation of
previous adverse pregnancy outcomes Finally, in some asymptomatic patients abnormalities are discovered by
serendipity The approach to antithrombotic antiplatelet and immunotherapy varies with the clinical history of each
patient, both outside and within pregnancy This presentation will discuss diagnosis of obstetric antiphospholipid
syndrome and treatment of pre existing antiphospholipid problems in

patients with and without known autoimmune disease Treatment options include anti platelet therapy, anticoagulation
usually by means of low molecular weight Heparin, immunomodulation by high dose Gamma Globulin infusion and other
less utilized modalities The implications for the developing fetus and new born will be canvassed. Prognostic features of
these disorders will be discussed, in addition to the therapeutic aspects.

6.
Treatment options for low-grade lymphoma. Gunnar Juliusson, Dept of Hematology, University Hospital,
Linkoping, Sweden

The group of indolent lymphomas contains several different entities, the most common being follicular lymphoma and
chronic lymphocytic leukaemia. Mantle cell lymphoma is an entity important to recognize, since although response may
follow initial therapy, refractory progression occurs early, and survival is poor. On the other hand, marginal zone
lymphoma in the ventricle, which is associated with Helicobacter pylorii infection, is easily managed with anti-bacterial
treatment alone. The major subgroups have had a similar outcome for decades, with treatment based on alkylating
agents. Such treatment may well reduce symptoms and induce remissions, but has not showed to prolong survival.
More intensive anthracyclin-containing combination therapy may prolong response duration. Interferon alpha has been
studies extensively together with and following chemotherapy. As maintenance following intensive combination
chemotherapy IFN leads to a prolongation of remission duration, and in one study also survival was improved. During
the 1990’s, purine analogues were introduced. Single agent therapy with fludarabine produce tumour responses, but
was not clearly better than alkylator-based treatment. With the combination fludarabine-mitoxantrone-dexamethasone
improved responses, including molecular responses were achieved, and randomized studies are evaluable soon.
Rituximab, a humanized chimeric anti-CD20 antibody has a significant apoptosis-inducing activity in follicular lymphoma.
Anti-CD20 antibodies have also been used as carriers for radioactive isotopes. High dose chemotherapy with or without
total body irradiation and supported with autologous stem cells have been studied. It was shown that patients given
autologous bone marrow treated in vitro with a cocktail of anti-B-cell antibodies and complement following high dose
cyclophosphamide and total body irradiation had a significantly better outcome if the purging procedure resulted in a
total depletion of tumor cells from the harvest in vitro before reinfusion. A randomized study comparing purged and
unpurged stem cells with chemotherapy only was intended, but the inclusion rate was insufficient. Overall, it has not
been clearly shown that autologous transplantation improves outcome for patients with follicular lymphoma, with the
exception for patients who have had transformation to high-grade lymphoma. In this situation high-dose therapy.with
autologous transplantation could be considered standard care. Allogeneic transplant may well turn out to be an option,
since such transplants may be performed with reduced intensity conditioning suitable for elderly patients, and since
graft-versus-lymphoma is active in eradicating lymphoma. However, there are still problems with controlling graft-versus-
host disease, as well as the long-lasting post-transplantation immune suppression.



7.
THE CBB GENE AND HEMATOPOIESIS. Trevor Blake, Hong Tran, and P. Paul Liu, National Human Genome
Research Institute, NIH, Bethesda, MD

CBFB and CBFA2 (a.k.a. AML1, PEBP2aB, and RUNX1) form a heterodimeric DNA-binding factor that regulates
expression of many genes important in hematopoiesis. CBFo2 is the DNA-binding subunit while CBFf associates with
CBFo2 and enhances its DNA-binding affinity. In mouse knock-out models, both Cbfa2-/- and Cbfb-/- embryos die in
midgestation from a combination of definitive hematopoiesis defects and CNS hemorrhage.

To study the role of CBFB/PEBP2B in normal development we isolated the zebrafish homolog gene. Zebrafish cbfb is
highly similar to mammalian CBFB/PEBP2B and its protein product can associate with mammalian CBFo2 and enhance
its DNA binding. Zebrafish cbfb is expressed in early hematopoietic tissues in the developing embryo, as is scl/tal-1. In
addition, cbfb is expressed in Rohon-Beard cells, cranial nerve ganglia, hindbrain, retina, branchial arches, jaw, and fin
buds. The expression of cbfb in hematopoietic tissues is abolished in several "bloodless" mutants, confirming that cbfb is
expressed in hematopoietic cells.

Results from our zebrafish studies cannot distinguish the roles of cbfb and sc/ during hematopoiesis. On the other hand,
results from mouse knock-out models indicate that Scl is required for primitive as well as definitive hematopoiesis while
Cbfb and CbfaZ2 are only required for definitive hematopoiesis. To study the relationship between Cbf and Sc/ during
hematopoiesis, embryos were produced by crossing Scl-lacZ mice with Cbfb-MYH11 mice, which harbors a
leukemogenic fusion gene that dominant-negatively suppresses Cbf function. Analysis of the embryos suggests that
either Scl is upstream of Cbf or they function in independent pathways.

8.

STI571: ATYROSINE KINASE INHIBITOR FOR THE TREATMENT OF CML VALIDATING THE PROMISE OF
MOLECULARLY TARGETED THERAPY. Brian J. Druker, Moshe Talpaz, Debra Resta, Bin Peng, Eliasbeth
Buchdunger, John Ford, Sofia Fernandes Reese, Hagop KantarJian, Renaud Capdeville, Charles L. Sawyers.
Oregon Health Sciences University, Portland, OR, USA; MD Anderson Cancer Center, Houston, TX, USA;
Novartis Pharmaceuticals, East Hanover, NJ, USA and Basle, Switzerland; University of California, Los Angeles,
CA, USA.

The Bcr-Abl fusion protein, resulting from a (9;22) chromosome translocation, causes several types of leukemia The 210
kDa form of Ber-Abl is present in virtually all patients with chronic myelogenous leukemia (CML) and a 185 kDa variant
is present in approximately 20% of acute lymphoblastic leukemia patients. The transforming function of Bcr-Abl requires
tyrosine kinase activity of these Bcr-Abl fusion proteins, which is elevated as compared to c-Abl. Thus, Bcr-Abl is an
ideal candidate for a molecularly targeted therapeutic agent and an inhibitor of the Bcr-Abl kinase would be predicted to
be an effective and selective therapeutic agent for CML. STI571 (formerly CGP57184B) was synthesized at Novartis
Pharmaceuticals by identifying a lead in a high throughput in vitro screen for tyrosine kinase inhibitors and optimizing its
activity for specific kinases. STI571 functions through competitive inhibition at the ATP binding site and shows a high
degree of specificity for the Abl, PDGFR and Kit tyrosine kinases. It induces either growth arrest or apoptosis specifically
in Ber-Abl expressing hematopoietic cells with no obvious affects on normal cells or in cells transformed by other
tyrosine kinase oncogenes.

Based on anti-leukemic activity in several pre-clinical models and a lack of significant toxicity in animals, a phase |
clinical trial was conducted in CML patients who had failed other treatment options. All patients in the chronic phase (n=
31) have achieved hematologic remissions once therapeutic dose levels were achieved. With

prolonged therapy (5 months or greater), a growing fraction of these patients have cytogenetic responses, including
several individuals with complete disappearance of the Ph chromosome. STI571 also has remarkable activity as a single
agent in CML blast crisis and Ph + ALL patients. Although responses tend not to be durable, 20% of myeloid blast crisis
patients have ongoing responses between 6 months and one year. As virtually all patients with CML express Bcr-Abl
and the Bcr-Abl protein is unique to tumor cells, this disease has provided an ideal opportunity to test the concept that
drugs targeted against a tumor-specific abnormality will have therapeutic utility. Ongoing studies are directed at
optimizing the use of this agent.



9

The Biology and Treatment of Chronic Lymphocytic Leukaemia. Gunnar Juliusson, Dept of Hematology,
University Hospital, Linkoping, Sweden

Chronic Lymphocytic Leukaemia (CLL) is the commonest leukaemia type, and has a variable clinical spectrum and
prognosis. The phenotype includes the B-cell markers CD19 and CD20, but also CD5. CD23 can be used to distinguish
CLL from mantle cell ymphoma. The commonest chromosome abnormality is a deletion at 13q14, close to but not
including the retinoblastoma gene. Major efforts have been made to identify and characterize a suggested tumour
suppressor gene at the minimal deleted region, but so far no candidate gene has proved to be significantly involved.
Trisomy 12 is the next common abnormality, which is found mainly in CLL cell clones without del(13)q. p53-deletions
and 11g-deletions are less common, but identify patients with poor survival. Recently, mutation analysis of
immunoglobulin genes have identified one CLL subtype with naive B-cells and atypical cytology, unmutated Ig-genes
and poor prognosis, and a second subtype with post-germinal mutated Ig-genes and a better outcome. Other
parameters indicating better prognosis besides low clinical stage include low CD38 expression, low serum beta-2-
microglobulin, and low plasma levels of soluble CD23. CLL is a disease characterized by immune deficiency, including
secondary hypogammaglobulinaemia. Bacterial airway infections are most common in patients with early disease.
Autoimmune complications directed to blood cells are not uncommon, especially DAT-positive haemolytic anaemia is a
significant problem mainly in advanced and heavily pretreated disease. Standard therapy includes alkylating agents,
mainly chlorambucil, for which many different schedules are available. Still no newer treatment has consistently shown
to give an improved survival as compared to single drug chlorambucil. However, treatment with the purine analogues,
mainly fludarabine, leads to an improved response rate and a longer disease duration. Purine analogues cause T-cell
deficiency, which increases the risk for opportunistic infections, as well as autoimmune haemolysis. Recently, studies of
combination chemotherapy including purine analogues and alkylating agents have been performed. The humanized
chimeric anti-CD20 monoclonal antibody has been used alone and together with chemotherapy. Still, durable complete
remissions are still an exception. Autologous stem cell harvest used for support of high-dose chemotherapy might lead
to prolonged remissions and molecular eradication of minimal residual disease. However, it is still not clear which
patients, if any, benefit from this procedure, since most patients eventually relapse. Allogeneic transplantation has
recently been successfully performed with reduced intensity conditioning, which opens up new possibilities for elderly
patients. It is clearly documented that CLL-cells may be eradicated by donor T-cells through the graft-versus-leukemia
effect, and since this antitumor activity may be everlasting, this is a possibility for cure. However, the major problems
with allogeneic transplantation, i.e., graft-versus-host disease and posttransplant immune suppression, still remains
using ‘'mini-transplants’. With improved control over specific donor T-cell activity we might in the future see reduced
transplantation-related mortality and thus an improved survival of CLL patients.



10.
MINIMAL RESIDUAL DISEASE IN ACUTE MYELOID LEUKEMIA. Paula Marlton. Princess Alexandra Hospital
Brisbane

Studies of minimal residual disease (MRD) in Acute Myeloid Leukemia (AML) are important for several reasons. They
may provide us with information on which rational individualized therapeutic decisions can be made to improve the
outcome for patients with AML. They may also provide important insights into the biology of AML again with potential
clinical impact. Little is known for example about the kinetics of the leukemic cell burden beyond remission induction
therapy or during the development of relapse. It is clear from data already available that the traditional view of curative
therapy totally eradicating the leukemic clone is too simplistic. Emerging MRD data indicate that factors beyond
leukemia cell eradication such as the immune response and other host factors are likely to play important roles in
maintaining remission status.

Techniques available to analyse MRD range in sensitivity, complexity and practical applicability. Methodologies include
conventional cytogenetics, fluorescent in situ hybridization (FISH) or molecular cytogenetics, multiparameter flow
cytometry and PCR based techniques. This session will review data available for various approaches and focus on
recent developments in PCR techniques for MRD detection in AML.

PCR approaches include qualitative or quantitative assays; RNA- or DNA- based assays; and end point or real-time
assays. Some (although not all) qualitative RNA-based end-point PCR (RT-PCR) assays of specific sensitivity can be
predictive of relapse in APML. This has not held true for similar assays for rearrangements of genes encoding subunits
of CBF (core binding factor) which characterize inv(16) and t(8;21) AML. Emerging data indicate however that
quantitative PCR approaches can yield predictive information in AML with AML1-ETO expression. Both end-point and
real-time quantitative assays appear useful in this setting. DNA-based assays including PCR and FISH methods have
the advantage over RNA-based assays of identifying all cells with the rearrangement regardless of expression status.
Genomic PCR has not been widely utilized however because of technical constraints in amplifying the variable and often
very large segments of DNA involved in the common rearrangements. Preliminary work demonstrates that this is
feasible in CBFB-MYH11 rearrangements and may provide useful MRD information.

FISH techniques for detecting specific structural abnormalities are hampered by a relative lack of sensitivity and often
high level of background false positivity. Some data support its potential usefulness in MRD monitoring however and its
role remains undefined in large prospective series. For patients without a defined molecular rearrangement suitable for
PCR or FISH detection, more generic markers of disease are being explored for MRD detection. Expression level of
genes such as wt-1 or multi-colour flow cytometry are alternative approaches in such patients. Ultimately, the potential
to gain biologic insight into the kinetics of relapse may be greatest using a variety of MRD approaches, which may also
yield highly predictive clinical information.



1.

DETECTION OF MINIMAL RESIDUAL DISEASE BY FLOW CYTOMETRY. Dario Campana, Departments of
Hematology-Oncology and Pathology, St. Jude Children’s Research Hospital, and University of Tennessee,
Memphis, Tennessee, USA

Flow cytometric detection of MRD is based on the identification of immunophenotypic combinations expressed on
leukemic cells but not on normal hematopoietic cells. It affords the detection of one leukemic cell among 10,000 normal
bone marrow cells, and can be currently used in approximately 90% of cases of acute lymphoblastic leukemia (ALL) and
75% of cases of acute myeloid leukemia. We have used high-density DNA microarrays to compare the gene profile of
leukemic cells to that of their normal counterparts. This approach allowed us to identify new markers of leukemia that
can be used for MRD detection in ALL. Methods for rapid exchange of flowcytometric data should facilitate exchange
and review of MRD data obtained in different centers.

We recently analyzed data of a prospective study of MRD in 195 children with newly diagnosed ALL in clinical
remission.Bone marrow aspirates (n=629) were collected at the end of remission induction therapy and at weeks 14, 32
and 56 of continuation therapy. Detectable MRD at each time point was significantly associated with a higher relapse
rate (P<0.001). Patients with high levels of MRD at the end of the induction phase (>1%) or at week 14 of continuation
therapy (=0.1%) had a particularly poor outcome. The predictive strength of MRD remained significant even after
adjusting for adverse presenting features, excluding patients at very high or very low risk of relapse from the analysis,
and considering levels of peripheral blood lymphoblasts at day 7 and day 10 of induction therapy. The incidence of
relapse among patients with MRD at the end of the induction phase was 68%+16% (SE) if they remained MRD" through
week 14 of continuation therapy, compared with 7%+7% if MRD became undetectable (P=0.035). The persistence of
MRD until week 32 was highly predictive of relapse (all four MRD" patients relapsed vs two of the eight who converted to
undetectable MRD status; P=0.021). Thus, sequential monitoring of MRD by flow cytometry provides highly significant,
independent prognostic information in children with ALL.

Since MRD can also be monitored by PCR amplification of antigen receptor genes in patients with ALL, and the two
techniques yield highly concordant results we are currently using the two methods in tandem for risk-assignment. This
allows MRD monitoring in all patients, and should limit the occurrence of false-negative findings due to
immunophenotypic shifts or clonal evolution.

12.
ISOLATION OF HUMAN PERIPHERAL BLOOD DENDRITIC CELLS FOR CLINICAL APPLICATION. Derek Hart,
Maria Gilleece, David Munster, Slavica Vuckovic, Alejandro J Lopez. Mater Medical Research Institute

Purpose of the Study Isolate blood dendritic cells (DC) for potential use in immunotherapy. Methods Current methods
of expansion and enrichment of monocyte derived DC (Mo-DC) populations, require prolonged in vitro culture in the
presence of exogenous growth factors. Furthermore the resulting Mo-DC have significant phenotypic (and potentially
functional) differences to circulating DC. We have investigated the feasibility of purifying blood DC populations by a
series of simple enrichment procedures, including positive selection with the monoclonal antibody CMRF-44, that do not
require extensive culture in vitro. The resulting DC population relates closely to the physiological precursor population
and may be functionally superior to Mo-DC. We undertook the isolation of these cells by sequential steps of enrichment
from PBMC obtained from buffy coat or pheresis MNC preparations. Results After a short incubation, the cells were
centrifuged over a Nycodenz gradient, a method previously used to enrich DC from the blood (J. Immunol. Methods
184:84. 1995). The interface population was labeled with biotinylated CMFR-44 antibody (Blood 89:3708.1997) followed
by streptavidin coated magnetic beads, and positive selection (Miltenyii MACS). This procedure enriches CMRF44+
CD19-CD14- DC fifty fold to a purity >25%. Further enrichment to 80% purity was achieved by negative selection using
CD14 plus CD19 specific antibodies prior to the positive selection step. Additionally to CMRF-44, other mAb identifying
DC such as CMRF-56, have been produced and used in isolation protocols. Conclusions We describe the phenotypic
and functional characteristics of these DC in comparison to conventional preparations. We propose further investigation
of the potential of this routine blood DC purification platform as a basis for controlled trials of DC vaccination as therapy
for cancer.



13.
NEW THERAPEUTIC STRATEGIES IN BONE MARROW TRANSPLANTATION. Rainer Storb, M.D. Fred
Hutchinson Cancer Center and the University of Washington Seattle, Washington, USA

Almost simultaneously, work by several groups of investigators has brought about changes in the way hematopoietic
stem cell allografts are being carried out to treat patients with hematological diseases. The focus has shifted away from
attempts at eradicating malignant cells through high-dose chemoradiation treatment toward using the stem cell donor's
T lymphocytes for that purpose via an allogeneic graft-versus-tumor effect. While most of the nonmyeloablative
transplant regimens used in these efforts are still fairly intense and toxic, a radical departure from conventional
transplantation focuses on the almost exclusive use of immunosuppressive agents with little toxicity to establish the
allografts. For patients with hematologic malignancies, the success of the procedure rests entirely on the allogeneic
graft-versus-tumor effect induced by donor T cells. As for nonmalignant diseases, the procedure can be used to
establish a stable state of mixed donor/host hematopoietic chimerism which, in itself, may be sufficient to cure disease
manifestations.

14.
OVERVIEW ON THE THERAPEUTIC USE OF DENDRITIC CELLS. Gavin Cull. Department of Haematology,
Princess Alexandra Hospital, Brisbane, Australia.

Dendritic cells (DC) are bone marrow-derived professional antigen presenting cells which are essential for the induction
of a primary immune response, utilising their unique capacity to stimulate T cells which have had no prior contact with
antigen. Their capacity to take up, process and present soluble antigen in the context of MHC and appropriate co-
stimulatory molecules allow them to perform this specialised function. This potent antigen presenting capacity makes
them an ideal candidate for immunotherapeutic strategies aimed at initiating or enhancing an immune response against
tumour antigens. However, they are present in very low numbers in blood and tissues and this has made their
acquisition for therapeutic purposes difficult. In recent years this problem has been overcome by techniques which
generate large numbers of functional DC by the in-vitro culture of peripheral blood monocytes or blood and marrow-
derived CD34 cells. This has led to a rapid growth in development of basic scientific discovery and technology in the
field of immunotherapy. A large number of clinical trials applying these advances in a range of human tumours have
been reported or are in progress.

Generation of an effective anti-tumour immune response in-vitro or in-vivo requires several components. These include
an antigen which is specific for the tumour, an antigen-presenting cell (APC) capable of presenting this tumour antigen
to T cells and activating a tumour-specific cytotoxic T-lymphocyte (CTL), and the ability of this CTL to then kill the native
tumour cell. Tumour-specific and tumour-restricted antigens which can act as a target for immunotherapy have been
identified. In particular, B-cell malignancies lend themselves naturally to this approach by the production of tumour-
specific immunoglobulin, or idiotype, by the malignant cells. It has been demonstrated that anti-idiotypic immune
responses can be generated in patients with lymphoma and myeloma using idiotype-primed dendritic cells. These
responses have included the development of idiotype-specific CTL and, in the case of lymphoma, a limited number of
clinical responses have been observed. Chronic myeloid leukaemia also presents itself for this form of immunotherapy
by the production of the tumour-specific fusion protein, bcr-abl, and tumour-specific immune responses have been
reported using dendritic cell-based vaccination schedules. In the non-haematological setting, melanoma is the most
extensively studied and there is considerable data demonstrating tumour-specific immune responses using a variety of
dendritic cell-based strategies. These immune responses have been associated with clinical benefit though the overall
response rate has been modest.

Vaccination with tumour-antigen primed DC can generate tumour-specific immune responses but the evidence for
significant clinical benefit remains limited. The challenge now is to improve the immunological response rate and convert
these to sustained clinical responses. Issues relating to the vaccination protocol such as the optimal type of DC, the best
method to prime these DC with tumour antigen and the most effective schedule are being investigated. The discovery of
additional tumour antigens and examination of methods to enhance their immunogenecity may afford further
improvements. Finally, the detection of in-vivo immunosuppressive factors which prevent the development of a clinically
relevant anti-tumour immune response may lead to strategies to overcome these immune deficits.



15.

Anti-angiogenic and vascular targeting agents - molecular mechanisms and potential clinical applications.
Russell Basser, Departments of Haematology and Medical Oncology, Royal Melbourne Hospital, Parkville, and
Western Hospital, Footscray, Victoria, Australia

Therapies that inhibit the growth of new blood vessels, so-called angiogenesis inhibitors, offer considerable promise as
anticancer agents. The link between angiogenesis and tumour progression and spread was first established some 30
years ago by Judah Folkman, who noted that without new blood vessels, many tumours only grow to a few millimetres in
size. He also found that while a tumour may stay small, its cells continue to proliferate, a situation brought about by a
balance between cell the rates of proliferation and apoptosis. These observations led to the concept of an "angiogenic
switch", a complex process by which a tumour mass expands and overtakes the rate of internal apoptosis by developing
blood vessels, thereby changing into an angiogenic phenotype. Evidence has emerged this change is the result of a shift
in net balance of stimulators and inhibitors of angiogenesis within the tumor microenvironment, in which the inhibitors
were downregulated. It is now recognised that the growth of most tumours, and probably haematological malignancies,
and the formation of metastases are dependent on this process.

Angiogenesis is influenced by a number of specific humoral factors. Perhaps the most important is vascular endothelial
growth factor (VEGF), which is secreted by normal tissues and tumour cells in response to ischaemia and is critical for
the proliferation and survival of endothelial cells. VEGF contributes to tumour growth both by stimulating angiogenesis
and by increasing vascular permeability. In preclinical studies, inhibition of VEGF-induced angiogenesis has resulted in
reduction of tumour growth. One approach used is sequestration of VEGF with antibody. Another is inhibition of VEGF
receptor signalling. There are several receptors for VEGF, and these are largely confined to endothelial cells. They have
been isolated and cloned, and demonstrated to possess tyrosine-kinase activity within the cytoplasmic domain. This
activity is responsible for initial signal transduction following ligand binding. Inhibitors of the tyrosine kinase of VEGF
receptors fIt and kdr have been identified and characterised by a number of groups. Early clinical trials of VEGF
inhibition by both of the above mechanisms have shown biological activity and hints of anti-tumour effect.

A number of different agents have been shown to inhibit angiogenesis in a non-specific manner. The most promising of
these is thalidomide, which was recently shown to be effective in patients with myeloma. Other agents are currently
under investigation.

An alternative to inhibiting angiogenesis is to specifically target the endothelium of newly formed blood vessels, taking
advantage of phenotypic and structural differences from normal vasculature. The integrity of neovasculature is highly
dependent on the maintenance of the three-dimensional shape of the endothelial cells, in the absence of the peri-
vascular structures present in normal vessels. A tubulin cytoskeleton is responsible for maintaining the shape of neo-
endothelial cells. Agents which disrupt tubulin will significantly affect endothelial cell shape, leading to vascular
occlusion. A new class of tubulin-binding drugs produce dramatic ultrastructural change in endothelial cell shape with
minimal cytotoxicity in-vitro. Studies in xenograft models demonstrate dramatic vascular occlusion and infarction of
tumours.

In summary, the vasculature of tumours represents a potentially very important target for therapeutic intervention.
Important development challenges remain in the identification of usable markers of activity for these agents, and in the
design of initial clinical studies.



16.
INV(16) AND LEUKEMIA. Lucio Castilla, Neeraj Adya, and P. Paul Liu. National Human Genome Research
Institute, NIH, Bethesda, MD

Chromosome 16 inversion is one of the most frequent chromosomal abnormalities in human acute myeloid leukemia
and generates a fusion gene CBFB/PEBP2B-MYH11. We have previously shown that CBFB-MYH11 dominantly
interferes with the normal function of RUNX7 (a.k.a. CBFA2, AML1 and PEBP2aB) and blocks definitive hematopoiesis
during embryogenesis.

To study the mechanism of leukemogenesis in the presence of the CBFB-MYH11 gene, we characterized chimeric mice
generated with ES cells containing the Cbfb-MYH11 knock-in gene. A selective blockage of myeloid and lymphoid
differentiation by the Cbfb-MYH11 gene was identified. Moreover, around 50% of chimeras developed leukemia and
lymphoma at an age of 12-26 months. By ENU mutagenesis we showed that Cbfb-MYH11 is critical for the development
of acute myeloid leukemia, but additional genetic events are needed for full transformation. Using retroviral
mutagenesis, we are identifying genes that cooperate with Cbfb-MYH11 for leukemogenesis.

Using the cDNA microarray technology, we have been profiling gene expression in primary leukemia cells containing
inv(16). A 6.7k human cDNA microarray was used for this purpose. Gene expression patterns among a panel of M4Eo
inv(16)+ leukemia cases were compared with those of M4 leukemic cases without inv(16) and of normal bone marrow.
Those gene expression changes which are unique to the inv(16)+ cases will be studied further.

Identification of target genes downstream of CBFB-MYH11 and cooperating genetic events necessary for
leukemogenesis will help us understand better the oncogenic mechanism of CBFB-MYH11 and may provide new
therapeutic targets.

17.

CHEMOTHERAPY AND DONOR LEUKOCYTE INFUSION FOLLOWED BY INTERFERON-ALPHA FOR RELAPSED
MALIGNANCY AFTER ALLOGENEIC BONE MARROW TRANSPLANTATION. Jeff Szer, K Kannan, A P Schwarer,
A Spencer, A P Grigg. Bone Marrow Transplant Service, The Royal Melbourne Hospital, VIC 3050 and Bone
Marrow Transplant Program, Alfred Hospital VIC 3181

Interferon-alpha (IFN) is known to promote graft-versus-host disease (GVHD) after allogeneic bone marrow
transplantation (allo BMT). This property may also be used to enhance a graft-versus-leukaemia effect (GVL) after donor
leukocyte infusion (DLI), a mode of therapy increasingly offered to patients relapsing after allo BMT. The aims of this
study were to examine the efficacy and toxicity of IFN therapy given after DLI in patients with acute myeloid leukaemia
(AML), chronic myeloid leukaemia (CML), acute lymphoblastic leukaemia (ALL), acute undifferentiated leukaemia (AUL)
and multiple myeloma relapsing after allo BMT. Twenty-seven patients between October 1996 and September 1999 (16
AML, 4 ALL, 3 CML, 3 Multiple Myeloma, 1 AUL) who relapsed after allo BMT were treated with chemotherapy followed
by DLI; IFN was subsequently given to patients without significant GVHD or rapidly progressive disease. The outcome
after DLI with regard to remission rate, disease free survival (DFS) and GVHD were analysed. Eighteen patients
received IFN following DLI, 14 of whom developed significant GVHD (grade 1l 8211;IV acute or extensive chronic);
thereafter GVHD resolved with cessation of IFN alone in 4, but 10 required systemic immunosuppression. Twenty-three
patients were given chemotherapy and DLI as initial treatment of relapse; 10 achieved CR, in four only after the onset of
GVHD. The other 4 patients received chemotherapy and DLI as a consolidation of a chemotherapy-induced remission.
The CR was durable only in patients with CML (3/3) and AML (4/8). IFN induced GVHD in the majority of patients
receiving DLI. The induction of GVHD and GVL by this approach produced excellent results in 3 patients with CML and
modest results in AML, but appeared to be less effective in myeloma and ALL.
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PRIOR CRYOPRESERVATION OF EX VIVO EXPANDED CORD BLOOD CELLS IS NOT DETRIMENTAL TO
ENGRAFTMENT AS MEASURED IN THE NOD-SCID MOUSE MODEL. Julie A Wood', Chris G Milross?, Cathryn M
Collins?, Jamie Case', Robert E Nordon®, Alison M Rice'. 'Children’s Cancer Institute Australia for Medical
Research, *Radiation Oncology, Prince of Wales Hospital, *Graduate School of Biomedical Engineering,
University of New South Wales, Randwick NSW, Australia

Small collections of cord blood (CB) make transplantation of adult patients difficult, if not impossible, and engraftment,
even in small children, can be quite slow. Cytokine mediated expansion has been proposed to facilitate engraftment. As
CBs are frequently frozen in one aliquot, patients are transplanted with unmanipulated cells, from which an aliquot has
been reserved. This aliquot is expanded for 10 days and then infused into the patient. Data shows that engraftment is
better when expanded cells are infused on day 0 rather than day 10 (Shpall et al, McNeice et al). Additionally, the
functional quality of the expanded product cannot be assessed pre-transplant, as the patient is treated and given the first
dose of cells prior to expansion. Expansion and subsequent cryopreservation of CB upon collection would allow
assessment of the quality of the expanded product pre-transplant, giving the clinician a more informed choice. We
questioned whether cryopreservation of expanded cells would compromise their ability to engraft the NOD-SCID mouse.
CB CD34" cells were incubated for 7 days with SCF+FL+MGDF. Half of the expanded cells were cryopreserved prior to
transplantation. Post-thaw nucleated cell recovery was 94%, whilst recovery of day 14 progenitors was only 17%. NOD-
SCID mice were transplanted with either freshly expanded or expanded CD34" cells which had been frozen. Blood,
bone marrow (BM) and spleen were monitored for human engraftment. Despite the loss of day 14 progenitors among
the thawed expanded cells there was no difference in the rapidity of human engraftment. BM of mice transplanted with
thawed expanded CD34" cells showed significantly higher levels of human engraftment (13.90+3.82%) than mice
transplanted with fresh expanded CD34" cells (1.68+0.93%, p=0.0064). These results suggest that prior
cryopreservation of expanded CB cells is not detrimental to the ability of the cells to engraft in NOD-SCID mice.

Shpall EJ, Quinones R, Jones R, Bearman S, Cagnoni P, Giller R, Nieto Y, McNiece I. Transplantation of cancer
patients receiving high dose chemotherapy with ex vivo expanded cord blood cells. Exp Hematol 1999, 27:308a
McNiece |, Jones R, Bearman S, Cagnoni P, Nieto Y, Shpall EJ. Transplantation of ex vivo expanded PBPC after high
dose chemotherapy results in decreased neutropenia. Exp Hematol 1999, 27:332a

19.

SITE-DIRECTED MUTAGENESIS OF PLATELET GLYCOPROTEIN IB-ALPHA DEMONSTRATING RESIDUES
INVOLVED IN THE SULPHATION OF TYROSINE 276, 278 AND 279. A. Sasha Tait', Jing-Fei Dong?, José A.
Lopez?, lan W. Dawes® and Beng H. Chong'. Haematology Department, Prince of Wales Hospital, NSW, 2031",
Baylor College of Medicine, Houston, TX, USAZ, and the School of Biochemistry and Molecular Genetics, UNSW,
NSW, 20523.

The sulphation of tyrosine is an important post-translational modification in molecules involved in protein-protein
interactions. The interaction between platelet glycoprotein (GP) Ib-alpha and plasma von Willebrand factor (VWf) is
crucial in maintaining haemostasis in arterial flow. Three tyrosine residues in GPIb-alpha have been previously reported
to be sulphated and the sulphation has been shown to be required for vWf-binding. This investigation has identified
specific residues in GPIb-alpha that are involved in regulating tyrosine sulphation. It is known that the region where the
sulphation occurs is highly acidic. The carboxylic acids between glutamic acid 270 and aspartic acid 297 were changed
by site-directed mutagenesis to the neutral amino acids, glutamine and asparagine, respectively. The mutations were
expressed in CHO cells previously transfected with GPIb-beta and GPIX. Static binding studies were performed to
determine what affect the mutations had on vWf-binding. Metabolic labeling of the cells was performed to determine if
the mutant receptor contained sulphated tyrosine residues. Mutations to glutamic acid 270 (E270Q) and aspartic acid
283 (D283N) produced a receptor without tyrosine sulphation. vWf-binding was decreased by 50% in the E270Q, and
70% in the D283N cells. Other mutations affected vWf-binding without affecting sulphation. This is the first
demonstration of specific amino acids involved in regulating the sulphation of tyrosine residues in the platelet GPIb-
alpha receptor.
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THE ETS FAMILY OF TRANSCRIPTION FACTORS AND REGULATION OF THE MEGAKARYOCYTE SPECIFIC
GENE GPIX DURING MEGAKARYOCYTE DIFFERENTIATION. M Eisbacher, LM Khachigian, BH Chong. The
Centre for Thrombosis and Vascular Research, University of New South Wales and Department of Haematology,
Prince of Wales Hospital, Sydney Australia

The regulation of lineage restricted gene expression during megakaryocyte (MK) development is poorly understood.
Glycoprotein (GP) IX is a MK specific gene expressed toward the latter stages of MK development and is believed to
play an essential role in stabilising the formation of the GPIb-IX complex on the MK/platelet surface. This study used
phorbol-12 myristate 13-acetate (PMA) induced differentiation of leukaemic Dami cells as a model system to investigate
the regulation of GPIX gene expression during MK differentiation. Northern blot analysis revealed that GPIX mRNA
expression increased within 12h of exposure to PMA (100nM) and remained elevated up to 48h. Induction of GPIX
MRNA was also dose dependent. Pre-treatment of Dami cells with cycloheximide abolished PMA inducible GPIX
expression suggesting the requirement of new protein synthesis. Analysis of cell surface protein expression by flow
cytometry confirmed these findings with increased surface expression after 5 days. To determine the transcriptional
basis of these observations 600bp of the GPIX promoter was isolated and cloned upstream of a luciferase reporter
construct. Dami cells were transiently transfected with the reporter and incubated with PMA. PMA produced a 4-5 fold
increase in GPIX dependent reporter activity. To localise the PMA response elements we constructed nested 5'
deletions of the parent promoter using exonuclease Il and PCR. Transient transfection of these constructs
demonstrated a significant decrease in both basal and PMA-inducible gene expression mediated by the region between
-65 and -18 upstream of the transcriptional start site. This region contains a consensus nucleotide recognition element
5'CTTCCT3' for the Ets family of transcription factors. Mutation of the Ets binding site (EBS) in both the parent promoter
and a shorter construct abolished PMA-inducible expression, further confirming the importance of this site. The Ets
family member Fli-1 has previously been shown to bind the EBS of the GPIX gene and is able to transactivate the GPIX
gene in non-haematopoietic cells. Work performed in our laboratory has shown that although Fli-1 is able to
transactivate the GPIX gene in non-haematopoietic cells, over-expression of the same Fli-1 construct in Dami cells
dramatically represses PMA-induced GPIX reporter activity, suggesting that Ets members other than Fli-1 may regulate
GPIX in Dami cells. Ets family members are known effectors of the Mitogen activated protein kinase (MAPK) signalling
pathway. To investigate the upstream signalling events associated with PMA-induced expression of the GPIX gene,
Dami cells were pre-incubated with the MAPK kinase inhibitor PD98059 or the p38 inhibitor SB202190. Pre-incubation
with increasing amounts of PD98059 inhibited PMA-inducible GPIX reporter activity in a dose dependent manner. In
contrast SB202190 had no significant effect. These results demonstrate the requirement of the upstream activation of
MAPKK for PMA-inducible expression of GPIX. This study demonstrates the capacity of PMA to modulate GPIX
expression in MK cell lines and the potential importance of specific Ets factors and the MAPK signalling pathway in MK
differentiation. A greater understanding of the regulation of MK specific gene expression during differentiation may
provide further insights into the controlling elements of lineage commitment.

21.

STRUCTURE-BASED DESIGN: THE ACTIVATION OF ANTITHROMBIN Il BY HEPARIN AND ITS INTERACTION
WITH FACTOR XA AND THROMBIN J.C. Whisstock' A.M. Lesk® & R.N. Pike'. "Department of Biochemistry and
Molecular Biology, Monash University, Clayton, VIC, Australia. 2Cambridge Institute of Medical Research.
Wellcome / MRC building, Hills Road, Cambridge UK.

Antithrombin is a serpin under conformational control. Interaction with the sulphonated polysaccharide heparin induces
expulsion of the Reactive Centre Loop (RCL) and enhanced affinity for the cognate proteinases thrombin and factor Xa.
The recently determined X-ray crystal structure of antithrombin bound to a specific pentasaccharide has allowed a
detailed analysis of the mechanism of antithrombin activation by heparin. These data reveal the role of different
saccharide units within the pentasaccharide in inducing a series of structural shifts that lead to RCL expulsion.

Efficient inhibition of thrombin by antithrombin is mediated via ternary complex formation between antithrombin, thrombin
and full length heparin. Heparin pentasaccharide is not long enough to bridge between antithrombin and thrombin and
only induces a 2-fold increase in the inhibitory potential of antithrombin vs. thrombin. In contrast, pentasaccharide alone
is sufficient to induce a 300-fold increase in the inhibitory activity of antithrombin vs. factor Xa. To try to explain these
data we have built molecular models of the encounter complex between antithrombin-thrombin and antithrombin-factor
Xa. We have identified specific differences in the active sites of thrombin and factor Xa that may account for the ability
of heparin pentasaccharide alone to mediate efficient inhibition of factor Xa.
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NEW DRUG DISCOVERIES: RECOMBINANT RECEPTORS, X-RAY CRYSTALLOGRAPHY AND RATIONAL DRUG
DESIGN TARGET Fc RECEPTORS. PM Hogarth*, M Powell*, B Matthews§, T McCarthy§, G Pietersz*, T
Bradford*, T Garrett§. *Austin Research Institute, Kronheimer Building, Austin Campus A&RMC, Studley Rd,
Heidelberg, 3084, Australia; §Biomolecular Research Institute, 343 Royal Pde, Parkville, 3052, Australia.

We have used recombinant receptors together with x-ray crystallography and structure based drug design to develop a
range of compounds that inhibit Fc receptor dependent platelet activation.

Structure based, or rational drug design is emerging as a powerful approach to the generation of new drugs. As the
human genome project draws to a close, the 100,000 or so proteins are potential targets for the development of new
pharmaceuticals. The structure of few of these proteins is currently known, but as efforts to produce these improve and
as the technologies of structure determination advance, there will be a rapid expansion of knowledge of protein structure
and function. The determination of the three dimensional structure of proteins allows the precise definition of active sites
of proteins, and therefore the design of small molecule inhibitors. We have applied this approach to the design of new
anti-inflammatories and platelet function modifying drugs. Immune complexes are potent activators of platelet function
through the FcyRII. FcyRlla is the only IgG receptor of platelets and immune complex binding for this receptor results in
rapid receptor phosphorylation leading to platelet activation and aggregation, both in experimental models and in
pathological disease processes. The FcyRlla is a transmembrane glycoprotein, consisting of two extracellular domains,
a membrane spanning region and cytoplasmic tail. The cytoplasmic tail contains immunoreceptor tyrosine activating
motifs and is one of the few immunoreceptors to contain such a signalling motif in the ligand binding chain, in stark
contrast to the IgE receptor, FceRI, the T cell receptor and most other immunoreceptors where such signalling motifs are
in non-covalently associated signalling subunits.

We adopted two strategies to generate potential new pharmaceuticals. The first using recombinant soluble ectodomain
from FcyRII, and the second, structure based drug design. Recombinant soluble forms of FcyRlla were engineered and
contain the two extracellular ligand binding domains. The experiments in vitro indicate that the soluble receptor was
able to inhibit immune complex induced activation of platelets and established the principle that interfering with the
immune complex Fc:receptor interaction offers a new approach to the generation of drugs designed to protect platelets
from this form of destruction. The use of x-ray crystallography and rational or structure based drug design offers an
alternative to the use of large molecular weight protein receptor entities as pharmaceuticals. Previously successfully
designed drugs include Relenza and those targetting HIV protease, all of which are directed at inhibiting enzyme
functions. The greater difficulty inhibiting protein:protein interactions, which usually involve large featureless surfaces,
present difficulties in this approach to the development of new drugs. However, the Fc receptor structure provides a
geometrically and chemically suitable target area. The extracellular domains of FcyRlIla were expressed in six different
systems and receptor produced in insect cells crystallised and the structure of these extracellular domains solved at 2A
resolution. The receptor appears as a dimer bringing together the Ig binding surfaces of each mo

These data indicate that the design of highly specific receptor antagonists is possible. This work heralds a new era in the
development of drugs for the treatment of inflammatory diseases.
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HEPARANASE: A NOVEL NEW TARGET FOR ANTI-CANCER AND ANTI INFLAMMATORY DRUGS. Chris Parish,
Craig Freeman and Mark Hulett Division of Inmunology and Cell Biology, John Curtin School of Medical
Research, ANU, Canberra, ACT 2601

Heparan sulfate (HS) is an important component of the extracellular matrix (ECM) and the vascular basement
membrane (BM) which function as barriers to the migration and vascular extravasation of metastatic tumour cells and
leukocytes. Cleavage of the HS chains by heparanase activity produced by invading cells assists in the disassembly of
the ECM and facilitates cell migration. Heparanase therefore represents an excellent target for the development of drugs
to inhibit the passage of cells through the BM.

Recently we developed a simple and rapid assay for heparanase activity that has facilitated purification of the enzyme to
homogeneity, cloning of the enzyme and screening for enzyme inhibitors (1). Our findings indicate that the same
heparanase enzyme is expressed in platelets, T lymphocytes and metastatic tumour cells with normal heparanase
expression being restricted to the placenta and lymphoid organs. However, the enzyme is upregulated in metastatic
tumour cells. Exhaustive studies have so far revealed only one heparanase sequence, consistent with the view that this
enzyme is the dominant endoglucuronidase in mammalian tissues.

In parallel studies sulfated oligosaccharide-based inhibitors of heparanase activity have been developed (2). A lead
compound, phosphomannopentaose sulfate (PI-88), is an effective inhibitor of angiogenesis, tumour metastasis and
inflammation. The drug has successfully completed a Phase | clinical trial in healthy volunteers and is currently being
tested in cancer patients.

1. Hulett, M.D., Freeman, C., Hamdorf B.J., Baker, R.T., Harris, M.J. and Parish, C.R. ( 1 999). Cloning of mammalian
heparanase, an important enzyme in tumour invasion and metastasis. Nature Medicine 5, 803-809.

2. Parish, C.R., Freeman, C., Brown, K.J., Francis, D. and Cowden, W.B. (1999). Identification of sulfated
oligosaccharide-based inhibitors of tumor growth and metastasis using novel in vitro assays for angiogenesis and
heparanase activity. Cancer Research , 59, 3433-344 1.
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AN EVALUATION OF SPECIFIC GENETIC VARIANTS OF FACTOR V, PROTHROMBIN,
METHYLENETETRAHYDROFOLATE REDUCTASE, FIBRINOGEN AND PLASMINOGEN ACTIVATOR INHIBITOR-1
AS PREDICTIVE MARKERS OF DEEP VENOUS THROMBOSIS AFTER ELECTIVE LOWER LIMB
ARTHROPLASTY. DDF Ma', KF Cheong', JE Joseph', A Dominguez', B Courtenay?, M Neil>, M McGrath®.
Departments of Haematology’, Orthopaedicsz, and Vascular Medicine®, St Vincents Hospital, Victoria St
Darlinghurst, NSW 2010.

A number of studies have demonstrated that variants of factor V (G1691A, FV Leiden), prothrombin (G20210A),
methylenetetrahydrofolate reductase (MTHFR C677T), BB-fibrinogen (-455G—A) and plasminogen activator inhibitor-1
(PAI-1 -675 4G/4G) are associated with increased risk of thrombosis. Lower limb arthroplasty carries a significant risk of
post-operative venous thromboembolism in spite of prophylaxis, and the role that these gene variants may play is not
fully defined. In this ongoing prospective study, testing of the above genetic variants in successive patients undergoing
elective total hip arthroplasty (THA) and total knee arthroplasty (TKA) was performed. Mutations of factor V,
prothrombin, MTHFR, BB-fibrinogen, and PAI-1 genes were identified by PCR-based assays and restriction analysis. All
patients also underwent routine lower limb duplex ultrasonography approximately 7-10 days post operatively.

To date, 194 consecutive patients have been enrolled in the study and an interim analysis will now be described. THA
was performed in 115 (59%) patients, and TKA was performed in 79 (41%) patients. The incidence of post operative
deep venous thrombosis was significantly higher following TKA (57%, n=45) compared to THA (10.4%, n=12;
p<0.0001). The incidence of the prothrombin (G20210A) and factor V (G1691A) genotypes was 2.6% and 6.2%
respectively. There was no significant difference in prevalence of either genotype between DVT and non-DVT patients,
or THA and TKA patients with DVT. No patients were found to be homozygous for either of these genotypes. The
homozygous MTHFR (C677T) genotype was found in 11.3% (n=22) of all patients, and its frequency was significantly
higher in TKA patients with DVT (20%, n=9) compared to TKA without DVT (2.9%, n=1; p<0.05 Fisher exact test). The
BpB-fibrinogen (-455G—A) homozygous genotype was detected in 4.6% all patients. There was a slightly increased
incidence in THA patients with DVT (16.7%, n=2 of 12) compared to THA patients without DVT (3.9%, n=4 of 103),
however this difference did not reach statistical significance. The PAI-1-675 4G/4G homozygous genotype was isolated
in 25.3% of all patients, and there was no significant difference in prevalence between DVT and non-DVT patients, or
THA and TKA patients with DVT.

In summary, the preliminary findings from this study show that the homozygous MTHFR (C677T) genotype may be a
significant factor in determining which patients will develop ultrasonographic evidence of DVT following TKA. It is also
possible that the BB-fibrinogen (-455G—A) homozygous genotype may provide an increased risk factor for DVT, but
more patients will need to be studied. Further follow-up and recruitment of patients is continuing, and an examination of
correlation with clinical evidence of DVT and other risk factors (eg. age, obesity, type of anaesthesia) will also be
performed.



25.

AN EVALUATION OF APC-RESISTANCE AS A RISK FACTOR FOR POSTOPERATIVE DEEP VENOUS
THROMBOSIS AFTER ELECTIVE LOWER LIMB ARTHROPLASTY. J LOW1, DDF Ma1, A Dominguez1, B
Courtnenay?, M Neil? and M McGrath®. Departments of Haematology', Orthopedics® and Vascular Medicine®, St
Vincent’s Hospital, Victoria St, Darlinghurst, Australia 2010.

Lower limb arthroplasty carries a significant risk of post-operative venous thromboembolism in spite of prophylaxis.
Targeting more intense prophylaxis to patients with higher risk may reduce the rate of thrombosis and reduce therapy
related complications. APC-resistance and the FV Leiden mutation have recently been identified as such potential risk
factors. However, the clinical usefulness of pre-operative screening is unproven. This study is part of an ongoing
prospective study of specific genetic variants in successive patients undergoing elective total hip arthroplasty (THA) and
total knee arthroplasty (TKA).

Preop-operative APC-resistance was measured by 2 different commercially available kits - Chromagenix Coatest
(CXAPC) and Gradipore Gradileiden V (FVL). Anticoagulated patients were excluded from the study and dilution of test
plasma in FV deficient plasma was not done in order to detect APC-resistance not related to FV Leiden. CXAPC and
FVL ratios were expressed as normalised ratios. APTT, fibrinogen and kaolin clotting time (KCT) were also measured.
Post-operative DVT was detected by lower limb duplex ultrasonography performed 1-2 weeks after surgery.

To date, results from 144 patients have been analysed. There was no significant difference in the mean CXAPC,
median FVL or the median of any of the other coagulation variables measured, between the 36 patients that developed
DVT and the 108 non-DVT patients (see Table). There was also no significant difference in the coagulation variables
between the group of 95 THA patients (9 or 9.6% with DVT) and the group of 49 TKR patients (27 or 55% with DVT).

DVT (n= 36) No DVT (n=108)
CXAPC 0.87 (£0.33) 0.90 (£0.30) NS
FVL 1.04 (0.95-1.13) 1.00 (0.91-1.09) NS
APTT 34 (32 - 35) 33 (30 —34) NS
KCT 74.2 (66.7 — 83.9) 72.7 (64.9 —79.6) NS
Fibrinogen 3.5 (3.27 — 3.84) 3.39 (3.05 —3.89) NS

Results are expressed as medians (25th — 75th percentile range ) except for CXAPCC (mean £ SD)

13 of the patients in this study were found to be heterozygous for FV Leiden. The FVL method was found to be superior
to the CXAPC in distinguishing between heterozygotes and normals. FVL ratios were 0.30 - 0.36 for heterozygotes ,
and > 0.64 for normals. CXAPC ratios for heterozygotes (0.61 — 0.86) overlapped with normals (>0.71).

Our interim analysis does not support the hypothesis that APC-resistance is a significant risk factor for DVT in this group
of patients. Further studies are underway.
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THROMBOEMBOLIC DIATHESIS IN PULMONARY EMBOLISM: RELEVANCE OF ACTIVATED PROTEIN C
RESISTANCE. ML Kalev-Zylinska, A Bennet, PA Ockelford, Venous Thromboemobolism Unit, Haematology
Dept, Auckland Hospital Auckland, New Zealand

Consecutive patients presenting to the Thromboembolism Unit at Auckland Hospital have undergone evaluation after six
months of secondary warfarin prophylaxis to detect an underlying thrombophilia. The patients at clinical presentation
have been divided into those with DVT +/- PE or PE alone. In this review the patients with isolated pulmonary embolism
have been considered as a subgroup, and the results of thrombophilia testing have been compared with the findings in
those with deep venous thrombosis with or without associated PE. Isolated PE was defined as a clinical presentation
with symptoms of PE, confirmed 