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Abstract:

GropT (SB-251353) is a recombinant N-terminal 4-amino acid truncated form of 

the human chemokine Grop. Preclinical data from mice and rhesus monkeys have shown 

that single doses of GropT induce a rapid mobilisation of high quality haemopoietic stem 

cells and neutrophils and have a synergistic effect over G-CSF (granulocyte-colony 

stimulating factor) alone. Prephase I clinical trials in healthy male volunteers were 

developed to investigate the effects of GroPT both subcutaneously and intravenously in a 

placebo controlled, dose escalating manner in humans. The effects on neutrophil count, 

peripheral blood stem cell (PBSC) [CD34 cell] mobilisation, clonogenic colony growth 

(granulocyte-macrophage and megakaryocyte), neutrophil activation, neutrophil function 

and CD4 T helper cell subsets (Thl:Th2) ratios were investigated.

GroPT was administered in nine escalating doses intravenously (0.2 to 200 |lg/kg) 

and eight escalating doses subcutaneously (0.2 to 500 p,g/kg). Subjects were dosed in 

groups of 3 or 4 with either placebo or active compound with up to 16 samples taken per 

dosing session. A high degree of reproducibility was obtained in the assays used including 

the more difficult functional asssays (neutrophil function and CD4 subset analysis). 

Biological variation in response between individuals was observed. Increases in neutrophil 

count over baseline values and controlled for placebo response of up to 16.3 x 10̂ /1 were 

seen. Counts increased within 15 minutes of administration with a maximum effect by 45 

minutes and lasted up to 8 hours. Although a mild increase in CD34 cells (up to 7.6 

cells/p,l) was seen, clinically significant mobilisation of PBSCs was not recorded. GropT 

did not cause neutrophil activation. Changes in neutrophil function were noted but were 

variable with dose and individual as were effects on Thl :Th2 ratio. The drug was well 

tolerated with a low

incidence of side effects. GroPT effectively mobilises neutrophils but not PBSCs 

in the doses and conditions studied.
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Introduction:

SB-251353 is a recombinant N-terminal 4-amino acid truncated form of the 

human chemokine GroP which is a member of the CXC chemokine family (King et al. 

2001). GroP binds specifically to the CXCR2 receptor and with much greater potency 

than the full-length molecule (King et al. 2000). The CXC family is involved in the 

chemotaxis and activation o f neutrophils (Luster 1998). In addition to the chemo- 

attractant activity, selected chemokines have diverse biological and haemopoietic 

activities including antiviral activity (Simmons et al. 1997), activation of myeloid cell 

populations (Ludwig et al. 1997) and inhibition or stimulation o f early haemopoietic 

progenitor cell proliferation (Broxmeyer & Kim 1999). lnterleukin-8 (lL-8), which is 

closely related to GroP, induces a rapid neutrophilia and mobilisation of haemopoietic 

stem cells in mice and monkeys after a single injection (Laterveer et al. 1995). 

However, lL-8 is poorly tolerated in humans as it is associated with many side-effects.

Preclinical data in mice and rhesus monkeys have shown that single doses of 

SB-251353 (GropX) induce a rapid (within 15 minutes) mobilisation o f high quality 

haemopoietic stem cells from the bone marrow into the peripheral blood (King, 

Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). Human studies were 

designed on the basis that GropX given alone or concurrently with G-CSF could 

potentially reduce the number and duration o f leucopheresis sessions required to 

collect sufficient stem cells for transplantation. Given the rapidity o f the mobilisation 

in animals a potential benefit in humans would be that mobilisation may occur over a 

'] predictable time frame. The use o f alternative cytokines in place of or in addition to G-

)CCSF in patients that are difficult to mobilise (‘poor mobilisers’) is an area of active

V research. It is hoped that GropX may be of benefit to such patients. Another effect

observed in animal studies was a significant increase in peripheral blood neutrophil

count. GroPX might therefore have a role in the management o f neutropenia. The
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immunological effects of Gropx were also studied to determine it’s effect on 

neutrophil activation and function and it’s effect on CD4 helper T cells. The results 

from prephase clinical trials in normal healthy male volunteers when given Gro|3T 

intravenously (study 002) and subcutaneously (study 004) are presented. Data from a 

G-CSF control trial and from donors given G-CSF in therapeutic doses are also 

presented for comparison.

History of Stem Cell Transplantation:

Preclinical History:

One of the earliest references to the therapeutic properties of bone marrow can 

be found in the early Irish epic tale The Tain bo Cuailge (Kinsella 2001). The 

charioteer Cethem, severely wounded and depleted of blood is treated by the healer 

Fingin: the treatment involves a three day bath in bone marrow. This renewed 

Cethem’s strength sufficiently to allow him to resume fighting. The first 

administration of living bone marrow cells was by Schretzenmayr in 1937 who 

injected intramuscularly freshly aspirated autologous marrow in patients with parasitic 

infections, with some benefit (Schretzenmayr 1937). Bernard injected allogeneic 

marrow in 1944 into the medullary cavity of patients with bone marrow deficiency 

without success (Bernard 1944).

Jacobson showed in 1948 that mice could be protected from radiation induced 

bone marrow failure by shielding a portion of the bone marrow in the hind limbs or 

spleen and also by the infusion of spleen cells (Jacobson et al. 1950). Lorenz, using a 

chromosomal marker which identified transfused cells, demonstrated that the same 

marker recurred in all cells derived from the recovering marrow of lethally irradiated 

recipient mice (Lorenz, Congdon, & Uphoff 1952). This proved that cellular 

engraftment occurred and that the transfer of a few cells resulted in complete and
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stable haemopoietic reconstitution of the recipient. Till and McColloch showed that 

marrow re-population originated from multipotential ‘colony-forming units’ which 

could be detected in the spleen (Till & McCulloch 1961). Single colonies isolated from 

the spleen could reconstitute haematopoiesis in other irradiated recipients, thus 

demonstrating that one stem cell could reconstitute the entire myeloid compartment of 

a recipient mouse.

The first clinical applications o f bone marrow were unsuccessful due to lack of 

knowledge of how to administer high-dose therapy and inability to provide adequate 

supportive care for marrow failure. E Donnell Thomas using a canine model defined 

radiation doses, marrow-harvesting procedures and methods o f support to carry out 

marrow transplants in man (Thomas et al. 1957). His techniques of transplantation and 

post-transplant graft versus host disease prophylaxis persist until the present day. Dr 

Donnell Thomas was awarded a Nobel Prize for his work. The elucidation o f the HLA 

system and the development of tissue typing techniques represented the next major 

breakthrough that facilitated the application of BMT as a clinical procedure.

Clinical History:

The 1970’s were a decade of rapid clinical progress with the application of 

BMT to all types of clinical immune deficiencies, severe aplastic anaemia, acute 

leukaemia and chronic myeloid leukaemia. The range o f diseases treated has continued

9-  ,  ■
to expand to include inherited metabolic disorders and congenital haemoglobinopathies. f 

With refinements in transplant technology and care and as experience with the 

procedure continues to grow, success rates have improved with long-term survival rates 

of upto 90% with severe aplastic anaemia (sAA), 60% for acute myeloid leukaemia 

(AML) in first complete remission (1st CR) and 70% for chronic myeloid leukaemia 

(CML) in first chronic stable phase (Armitage 1994).
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In 1975 Dr Donnai] Thomas listed the major obstacles to successful allogeneic 

transplantation as donor availability, graft -versus-host -disease (GVHD) and relapse 

of disease (Thomas et al. 1975). Nearly 25 years later these persist as the main 

obstacles. Donor availability has been expanded by the establishment of large 

unrelated volunteer donor panels. However, the use of unrelated and mismatched 

donors results in a much higher morbidity and mortality. Autologous transplantation 

was also established in patients who lacked an HLA matched donor or who were 

considered unsuitable for allogeneic transplantation. Novel preparative regimens were 

used to increase the anti-tumour effect. Relapse post-transplant has limited this 

approach. Relapse may be due to insufficient conditioning therapy pre-transplant or, as 

shown by Brenner et al in gene marking studies, by residual tumour cells in the 

autologous graft (Brenner et al. 1994). Techniques to purge the marrow of 

contaminating cells have been the focus of much laboratory research, but success has 

been limited and at great expense. At present there is not sufficient evidence to support 

the routine purging of autologous stem cell grafts in most conditions (Buckner, Birch, 

& Weaver 1998).

Development of alternative sources of haemopoietic stem cells:

The use of haemopoietic stem cells (HSC) from sources other than bone 

marrow has led to a change in terminology from BMT to stem cell transplantation 

(SCT). The presence of peripheral blood stem cells (PBSCs) was demonstrated in the 

blood of guinea pigs (Malinin TI, Perry VP, & Donlan MF 1963), dogs (Cavins et al. 

1964), non-human primates (Smith et al. 1992) and humans (Barr, Whang-Peng, & 

Perry 1975). Subsequent studies showed that the number of circulating HSC was 

increased by the administration of chemotherapy (Richman, Weiner, & Yankee 1976) 

and haemopoietic growth factors (Duhrsen et al. 1988). This represented a significant
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advance as donors could now have their HSC harvested from their blood (peripheral 

blood stem cells [PBSC]) by apheresis rather than requiring bone marrow harvests 

under general anaesthetic. This greatly expanded the role of autologous transplantation 

as patients who had inadequate bone marrow harvests due to prior damage from 

radiotherapy or infiltration by malignant disease could be stimulated to produce 

sufficient PBSCs to facilitate engraftment.

Peripheral blood stem cells produce faster marrow reconstitution than either 

autologous or allogeneic marrow stem cells, resulting in shorter periods of cytopenia, 

particularly thrombocytopenia (Bensinger et al. 1995a). This has led to reductions in 

the number of platelet transfusions required and the number of days in hospital 

following high-dose therapy. Other potential advantages of PBSC transplantation 

include lower risk of contamination with tumour cells, reduced hospitalisation costs, 

increased number of T-lymphocytes and NK-cells that may reduce post-transplant 

relapse and the elimination of the need for a general anaesthetic (Dreger et al. 1994). In 

addition the PBSC product is more suitable for ex vivo manipulation such as CD34+ 

cell selection (Brugger et al. 1994), tumour purging (Ross et al. 1995) and gene 

transfer (Bregni et al. 1992). Peripheral blood stem cells have now virtually replaced 

bone marrow as the primary source of stem cells for autologous transplantation.

The use of PBSCs instead of bone marrow for allografts in patients with 

haematological malignancies was based on preclinical experience with sex- 

mismatched PBSC transplants in canine littermates, where blood-derived stem cells 

reconstitued haemopoiesis completely and permanently, including long-lasting 

evidence of donor chimerism (Russell, Gratwohl, & Schmitz 1998). The application of 

this technique to allogeneic transplantation has been slower due to concerns of 

administering growth factors to normal donors. However, once donor safety was 

established allogeneic PBSC donation was adopted enthusiastically by many centres. It
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is now over ten years since the first use of PBSCs for allogeneic transplantation. 

Kessinger et al reported the first case o f allogeneic PBSC transplant in a patient with 

ALL showing clear trilineage engraftment (Kessinger et al. 1989).

By 1998, PBSC transplants (PBSCT) represented 26% of all allografts 

performed and >40% of allografts in newer indications for allogeneic transplantation 

such as lymphoma and myeloma (Gratwohl et al. 2001). Also PBSC transplants 

comprise the majority of mismatched allografts. Concerns about increased rates of 

acute GVHD due to the administration of approximately ten times more T 

lymphocytes in peripheral blood rather than bone marrow transplants have proved 

unfounded. However, chronic GVHD rates are increased which has led to a reduction 

o f the use of this source o f stem cells by some units. The immunological basis o f this 

apparent enigma has been under investigation for several years and will be discussed in 

detail below.

G-CSF mobilisation of normal donors enables the collection of larger numbers 

of CD34+ cells and committed myeloid, erythroid and megakaryocytic progenitors 

than a conventional bone marrow harvest. Compared to bone marrow transplantation it 

has been shown that PBSC recipients receive on average 4-5 times more CD34+ cells 

(Dreger, Haferlach, Eckstein, Jacobs, Suttorp, Loftier, Muller-Ruchholtz, & Schmitz 

1994). However, considerable variability in the efficacy o f CD34+ cell mobilisation 

has been seen in normal donors. The frequency of CD34+ cells in the peripheral blood 

following 4 days o f G-CSF can vary by up to 10-fold (Korbling et al. 1995). The 

biological basis for this variability is unclear, although some reports have indicated 

poorer mobilisation in older donors and a clear sex related effect with male donors

1  I  J -providing better graft, fjoa^ver, it is liW y  that there is a genetic basis for the ^

variability in humans as has been demonstrated in mice.
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The more rapid engraftment in PBSC grafts compared to bone marrow may not 

be totally explained by the increased number of stem cells. There is increasing 

evidence for biological differences between PBSC and bone marrow derived stem 

cells. Several studies have shown that PBSC are either non-cycling or in the G1 phase 

of the cell cycle in comparison with myeloid progenitors in the bone marrow which 

have a high proportion in the DNA synthetic phase (Roberts & Metcalf 1995). Non

cycling stem cells may have superior engraftment

The demonstration of HSC in cord blood was greeted with great enthusiasm. It 

was hoped that a limitless supply of HSC would now be available for both sibling and 

unrelated donor transplants in both children and adult recipients and that perhaps these 

cells would have a higher engraftment potential and be immunologically immature and 

therefore less likely to cause GVHD. Foetal bone marrow from elective abortions has 

also been shown to be a viable source of HSC. The first successful transplant using 

cord blood stem cells was reported by Gluckman et al in 1989 (Gluckman et al. 1989). 

Banks of cryopreserved and HLA-typed cord blood stem cells have now been 

established in many countries. However, the application of this source of stem cells has 

mainly limited to paediatric and adolescent recipients due the limited number of stem 

cells than can be collected. Ex-vivo expansion and differentiation haemopoietic 

progenitors using a cocktail of cytokines has been demonstrated in several studies. 

However, the ability of expanded cells to promote and sustain engraftment has been 

doubted. Recently ex vivo expanded mobilised peripheral blood CD34^ cells have 

produced a rapid and durable graft in an autologous transplant model in baboons 

(Norol et al. 2000).
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CD34 Antigen:

Identification of CD34:

The use of monoclonal antibodies against CD (cluster of differentiation) 

antigens has greatly facilitated the precise characterisation of different haemopoietic 

lineages and allowed distinction of maturation steps within these lineages. Monoclonal 

antibodies against the same antigens are grouped together based on the reactivity and 

biochemical and/or genetic characterisation of the corresponding antigen. To date 

nearly 200 different antigens expressed on leucocytes have been described. The MYIO 

monoclonal antibody, which was raised against the immature myeloid cell line KG-la, 

was first initially used to identify CD34 (Civin et al. 1984). The CD34molecule is a 

heavily glycosylated, 116 kilodalton trans-membrane cell surface glycoprotein and is 

a member of the sialomucin family of surface molecules. The function of this 

glycoprotein is not yet known, but it has been suggested that it may be involved in 

intercellular adhesion. The cytoplasmic portion of the molecule contains several 

potential phosphorylation sites suggesting that CD34 may participate in signal 

transduction pathways inside the cell.

CD34 expression has been shown to be mainly restricted (with exception of 

capillary endothelium) to human HSC as well as stromal cell precursors in bone 

marrow. CD34 cells represent the more immature cells and are thought to account for 

1-4% of bone marrow mononuclear cells. Most committed progenitor cells capable of 

forming colonies in semi-solid culture assays have been found to reside in the CD34^ 

population of mononuclear cells. Enriched CD34^ cells are capable of reconstituting 

haemopoiesis in vivo in humans and non-human primates. Most available data in 

humans strongly suggest that the CD34^ population in human bone marrow includes 

most pluripotential stem cells. However, there is growing evidence that CD34'
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stem cells may be the earliest precursors of haemopoietic progeny and are capable of 

engraftment and multilineage differentiation that includes cells that express CD34 

(Huss 2000;Zanjani et al. 1998).

Enumeration of CD34 cells:

The above discussion on CD34 doses is complicated by the fact that there is a 

lack of standardisation of CD34+ cell counting methods. The methods of detection 

used by individual institutions will have an impact on their specific CD34+ cell count. 

The need for precise reproducible enumeration of CD34+ cell counts is essential if 

meaningful multi-centre studies are to be established with a view to the establishment 

of guidelines on cell doses. At present it is difficult to compare studies on cell dosage 

due to lack of standardisation. Lowdell et al highlighted the degree of inter-laboratory 

variation between institutions in the UK when they circulated 28 samples to 15 

laboratories (Lowdell & Bainbridge 1996). The coefficient of variation (cv) associated 

with estimations of relative proportions and absolute numbers were 100.1% and 

136.6% respectively. Brecher et al conducted a similar study in North America and 

found an alarming inter-laboratory variation (Brecher et al. 1996). The variability 

observed in the CD34 values for 21 samples sent to 10 institutions, expressed as the 

ratio of the maximum to the minimum reported value per sample, ranged fi"om 2.9 to 

749 (median 76). The 3 standardised sites participating in the study were more 

consistent with variability ranging from 1.2 to 4.4 (median 1,6), Intra-laboratory 

variation as assessed by reproducibility of duplicate specimens was also very wide. 

The use of different gating strategies was found to be the main factor causing the large 

variation in results. The use of CD34 antibodies of different classes and additional 

epitope diversity also contributes to the discrepancies between results fi*om different
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centres and explain why a correlation is not always found between CD34 numbers and 

engraftment.

Selection of an appropriate antibody clone and fluorochrome is essential for 

accurate CD34+ cell enumeration. The extracellular region of CD34 has several 

potential sites for glycosylation which may have a key contribution to the 

conformation of this protein and thus determine the different epitopes expressed and 

accessibility to different antibodies. Different monoclonal antibodies (mabs) 

recognise different surface epitopes on the CD34 molecule and anti-CD34 mabs are 

therefore divided into three classes depending on the differential sensitivity of their 

epitope to enzymatic cleavage with neuraminidase (NA), chymopapain (CP) and 

glycoprotease (GP). Class I epitopes are sensitive to NA, CP and GP; class II to CP 

and GP but not NA, and class III epitopes are insensitive to all three enzymes, 

therefore each class has a unique epitope within the extracellular domain of CD34. 

Using a range of CD34 antibodies against the various epitopes, variable expression has 

been found between different haemopoietic tissues. Foetal liver and bone marrow have 

a higher percentage of positive cells of all CD34 classes (5%) compared to adult tissue 

(1%), but in particular have higher levels of cells expressing the class II epitope. 

Normal adult bone marrow and peripheral blood stem cells do not show significant 

patterns of differential class staining, but there is a tendency for increased expression 

of class II and class III compared to class I epitopes in these tissues.

The Milan and ISHAGE (International Society of Haematotherapy and Graft 

Engineering) protocols were developed as a reaction to this extreme variability and 

inconsistency in CD34+ cell enumeration for clinical use (Siena et al. 1991;Sutherland 

et al. 1996). The British Committee for Standards in Haematology has recently 

published guidelines for the flow cytometric enumeration of CD34+ haematopoietic 

stem cells which adopt much of the ISHAGE strategy (Barnett et al. 1999). The
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following is a summary of the main recommendations that are relevant to and applied 

in the present study.

1. A lyse-no-wash technique is preferred to eliminate cell loss.

2. Only class II or class III antibodies should be used. Class I antibodies fail to 

recognise all glycoforms of the CD34 antigen and lower avidity and reduced 

reactivity compared to class II and III antibodies.

3. Phycoerythrin (PE) is recommended as the fluorochrome of choice as it is the 

most discriminating with an argon laser. Advantages of PE-conjugates include 

better demarcation between negative and positive cells, reduced binding to Fc 

receptors and lower non-specific binding to dead cells. Fluorescein isothiocyanate 

(FITC) fluorochrome is not recommended because of it’s induced negative charge 

it interferes with the binding properties of some class II antibodies.

4. A FITC-conjugated monoclonal antibody to CD45, a pan-leucocyte marker, is also 

used in combination with a PE-conjugated anti-CD34 as it provides an additional 

parameter for the identification of CD34+ cells. This antibody combination allows 

the identification of true CD34+ cells. It also facilitates the discrimination of cells 

fi-om contaminating events such as platelets, platelet aggregates and other debris 

that can bind low levels of PE-conjugated CD34 antibodies.

As well as sample processing and cell identification as outlined above, 

variability can also arise from sample pipetting and the use of haematology analysers. 

The ProCOUNT kit (Beckton Dickinson) fulfils all the above criteria and offers the 

following additional advantages.

1. A reverse pipetting technique is employed as it eliminates variability from 

pipetting errors of samples.

2. Absolute count variability is avoided by using an internal reference particle 

(TRUCOUNT) for determining absolute cell counts.
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3. The addition o f nucleic acid dyes (NAD) as gating reagents enables the exclusion 

unlysed red cells, platelets and debris from analysis.

ProCOUNT is supplied as preformulated, titered reagents which was an 

advantage in this trial due to the large number of samples which were processed in 

short periods. Good inter-laboratory and intra-laboratory precision and reproducibility 

have been established with this method. Hence ProCOUNT was preferred as the 

method of choice for CD34+ cell enumeration in this trial.

Difficult to Mobilise to Patients:

PBSCs are mobilised into peripheral blood after treatment with chemotherapy, 

haemopoietic growth factors or a combination of the two. In patients undergoing 

mobilisation for autologous PBSC transplantation, PBSC yields can vary by up to two 

logs. Factors identified in influencing a patient's ability to mobilise PBPC include 

extent of prior chemotherapy and radiotherapy, degree o f bone marrow involvement 

and disease type (Drake et al. 1997). Despite the known role o f these factors in PBSC 

mobilisation, it is difficult to predict CD34+ yield in individual patients. This is 

illustrated by the variable mobilisation results even from normal individuals and 

previously untreated patients and patients with no marrow involvement. ^

Currently available techniques for PBSC mobilisation may not provide 

sufficient cell numbers for all patients to ensure haemopoietic reconstitution following 

myeloablative therapy. Although a minimum CD34+ cell dose has not been identified, 

clinicians do not generally administer high dose chemotherapy to patients with CD34+ 

yields < 1 x lO'^/kg. Three groups of patients can be described based on their ability to 

mobilise CD34+ cells for PBSC transplantation (Stiff 1999):

1. The non-mobilisable patient: a patient who, after repeated apheresis, does 

not reach the minimum cell dose of 1 x 10  ̂CD34+/kg.
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2. The hard-to-mobilise patient or 'poor mobiliser': a patient who, after 

repeated apheresis, does not reach the optimal cell dose of 5 x 10*̂ 

CD34+/kg.

3. The easy-to-mobilise: a patient who mobilises >5 x 10̂  CD34+/kg in three 

to five aphereses.

The risk factors associated with the inability to rapidly collect 5 x 10̂  

CD34+/kg have been extensively studied. In general, the amount of myelosuppressive 

therapy (chemotherapy and radiotherapy) a patient receives prior to transplant is the 

most important factor associated with the number of CD34+ cells collected (Bensinger 

et al. 1995b). Certain chemotherapeutic agents, such as melphalan, nitrosureas, 

procarbazine, nitrogen mustard and platinum compounds appear to be more toxic than 

other widely used agents. Univariate analyses have identified the following risk 

factors: type of malignancy (breast cancer, non-Hodgkin's lymphoma as compared to 

leukaemia, Hodgkin's disease and ovarian cancer); age >60 years, bone marrow 

involvement by tumour; prior radiotherapy to marrow-producing sites and more than 

six courses of chemotherapy (Stiff 1999). In addition, CD34+ cell dose appears to be 

related to the mobilisation regimen (ie cytokines alone versus cytokines following 

myelosuppressive chemotherapy). Multivariate analyses have also demonstrated that 

the number of chemotherapy cycles and prior use of specific alkylating agents such as 

BCNU are associated with poor CD34+ mobilisation. It is estimated that approx. 10- 

20% of patients fail to mobihse >2 x lO' /̂kg CD34+ cell yields (Bensinger, 

Appelbaum, Rowley, Storb, Sanders, Lilleby, Gooley, Demirer, Schiffman, Weaver, & 

. 1995b;Tricot et al. 1995;Weaver et al. 1995). Mobilisation of sufficient CD34+ cells 

in these patients for autologous transplantation may be possible by the co

administration of G-CSF plus another cytokine such as GropT or stem cell factor.
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Mobilisation regimens that yield higher stem cell yields, collected in fewer 

apheresis will not only hasten haemopoietic reconstitution , but will also decrease the 

morbidity and expense associated with repeated collection procedures. In addition, 

greater stem cell yields will make it more possible to manipulate stem cell grafts in 

order to purge, select or expand specific cell populations or use progenitor cells in gene 

therapy. When G-CSF is used alone in mobilising regimens, 20% of patients require > 

4 aphereses to reach 1x10^  CD34+ cell /kg and 60% o f patients require > 4 apheresis 

to reach 5x10*^ CD34+ cell /kg (Glaspy et al. 1997). One strategy to improve PBSC 

yields is to use G-CSF in combination with chemotherapy; another is to use G-CSF in 

combination with other haemopoietic growth factors, including recombinant human
i

stem cell factor, recombinant Mpl ligands, fit-3 ligand, interleukon-3 receptor ligands 

or Gro(3T (Shpall 1999).

Endogenous stem cell factor (SCF) is a natural ligand for the proto-oncogene 

c-kit, a cell surface tyrosine kinase receptor. Human SCF is a glycoprotein that acts on 

haemopoietic stem cells (Bernstein, Andrews, & Zsebo 1991). SCF factor alone exerts 

little colony stimulating activity on normal human bone marrow cells, the combination 

of SCF with IL-3, G-CSF, GM-CSF or EPO results in synergistic increase in the 

number o f colonies. The type of colonies are determined by the other haemopoietic 

growth factors used in conjunction with SCF. Animal studies using species specific 

recombinant SCF plus G-CSF resulted in mobilisation o f sufficient PBSCs capable of 

rescuing animals from otherwise lethal irradiation (Andrews et al. 1994). The 

combination resulted in mobilisation o f increased number o f HSC and resulted in more 

rapid haematological recovery than when G-CSF was used alone. This combination is 

currently under trial in poor mobilisers. Preliminary data from patients with breast 

cancer and lymphoma indicate that higher numbers o f CD34+ cells are mobilised with 

fewer episodes of apheresis resulting in twice as many patients reaching the optimum
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CD34+ yield and consequently more patients proceeding to transplantation with the 

combination of SCF plus G-CSF than with G-CSF alone (Shpall 1999). A recent study 

comparing five different combinations of cytokines and chemotherapy as mobilising 

regimens found SCF and GM-CSF to be the regimen mobilising the highest number of 

haemopoietic progenitors (Horsfall et al. 2000). The combination of GM-CSF with G- 

CSF has also been used to increase CD34+ cell mobilisation in poor mobilisers. The 

superior mobilisation potential of a combination of cytokines has therefore been 

established. The compound under investigation in the present study, Gro^T, is 

envisaged as having a role in mobilising ‘poor mobilisers’ either alone or in 

combination with another cytokine such as G-CSF.

CD34+ Dose:

The minimum and optimum dose of CD34+ cells is generally taken as 2 x 

10 /̂kg and 5 x 10 /̂kg respectively. Patients who receive <2 x 10 /̂kg CD34+ cells may 

be at risk of delayed engraftment with increased transfusion requirements and higher 

risk of infection. There is an 80% incidence of delayed platelet engraftment in patients 

receiving CD34+ cell doses of less than 1 x 10 /̂kg (Weaver, Hazelton, Birch, Palmer, 

Allen, Schwartzberg, & West 1995). Schwella et al reported a significantly shorter 

engraftment time in patients receiving >2.5 x 10 /̂kg CD34+ cells than those receiving 

less dian this threshold dose (Schwella et al. 1996). Similarly, several groups have 

reported a threshold dose of > 2.5 x 10 /̂kg to be associated with rapid engraftment. To 

et al studied the probability of neutrophil and platelet reconstitution in patients 

receiving different quantities of progenitor cells (To et al. 1997). Their findings concur 

with the above minimal and optimum doses. In addition they noted that a cell dose of 

>8 X 10^/kg was not associated with more rapid engraftment. From this data it would 

appear that an upper threshold dose of between 5 to 8 x 10 /̂kg exists.
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However, Kiss et al found that patients who received higher doses of cells ^ 5 x 

10 /̂kg consistently demonstrated better haematological parameters at all time (Kiss et 

al. 1997). Other studies with this dose have also shown lower costs due to fewer 

transfusion requirements, shorter hospital stays, less antibiotic use and reduced growth 

factor support (Glaspy, Shpall, LeMaistre, Briddell, Menchaca, Turner, Lill, Chap, 

Jones, Wiers, Sheridan, & McNiece 1997;van der et al. 1994). Dercksen et al 

calculated the dose of 6.1 x 10̂  cells/kg as the threshold for platelet transfusion 

independence within 14 days (Dercksen et al. 1995). They found that by increasing 

cells dose from 2.5 to 10.7 x 10̂  CD34+ cells/kg, the time to platelet recovery 

improved from 17 to 11 days in most patients .

The benefits of high doses of CD34+ cells may go beyond rapid engraftment 

and have immunological benefits. The concept of ‘megadose’ stem cell transplants has 

recently been introduced as a potential approach to prevent graft rejection, assuming 

that the use of megadoses (>x 10 /̂kg) of CD34+ cells might abrogate resistance to 

engraftment and overcome even major HLA barriers in the unrelated donor setting 

(Schwinger et al. 2000). Therefore, the development of an additional mobilising agent, 

that in conjunction with GCSF yields increased CD34 doses, may be clinically useful.

Chemokines:

Chemokines are chemotactic cytokines that control the attraction of leucocytes

to tissues. For example the following are all members of the chemokine family -

Grop, IL-8, RANTES, MIP-la and platelet factor 4 (PF4). Chemokines are 8 to 10 kd

proteins with 20 to 70 percent homology in amino acid sequences. They have been

subdivided into families on the basis of the relative position of their cysteine residues.

There are at least four families of cytokines, but only two only two have been

extensively characterised. The a  and p chemokines, which contain four cysteines
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appear to be the largest families. In the a  chemokines, one amino acid seperates the 

first two cysteine residues (cysteine-X amino acid-cysteine, or CXC), whereas in 

p chemokines, the first two residues are adjacent to each other (cysteine-cysteine, or 

CC) (Luster 1998). Grop is a member of the CXC family and binds to the CXCR2 

receptor (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001).

The a  chemokines can be further subdivided into those that contain the 

sequence glutamine-leucine near the N terminal (preceding the CXC sequence) and 

those that do not. The a-chemokines containing the sequence are chemotactic for 

neutrophils, whereas those lacking the sequence act on lymphocytes. The 

P chemokines, in general do not act on neutrophils but attract monocytes, eosinophils, 

basophils and lymphocytes with variable selectivity.

Chemokines induce cell migration and activation by binding to specific G- 

protein-coupled cell surface receptors on target cells (Baggiolini 1998). Four human 

CXC chemokine receptors (CXCRl through CXCR4), eight human CC chemokine 

receptors (CCRl through CCR8) have been identified. Chemokine receptors are 

expressed on different types of leucocytes. Of relevance to this study, CXCRl is 

predominantly expressed on neutrophils while CXCR3 is expressed on activated T 

lymphocytes of the Thl phenotype. Th2 lymphocytes preferentially express CCR3. 

CXCR2 is expressed on neutrophils and binds Grop as well as Groa, Gray, 

interleukin-8 and other lesser known chemokines known as GCP-2 ENA-78, NAP-2 

and LIX. Recent data has identified CXCR-4 on CD34 cells and primary AML cells 

(Mohle et al. 1998). It is hypothesised that it may play a role in the homing of of 

haemopoietic stem cells and the trafficking of malignant haemopoietic cells.

Chemokines play a role in leucocyte movement, inflammatory diseases and 

infectious diseases. They are also involved in the modulation of angiogenesis, tumour 

growth and stem cell proliferation (Horuk 1998). Chemokines appear to the have the
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capacity to control precisely the movement of leucocytes. The role of chemokines in 

the pathophysiology of disease is still being defined. There is growing evidence from 

studies in animals that neutralisation of chemotactic activity may have therapeutic 

value. Chemokine or chemokine-receptor antagonists may inhibit autoimmune, allergic 

and septic processes. In addition, chemokines may augment the host response to 

infection, tumours and vaccines. Chemokines or their analogues may be clinically 

useful as inhibitors of HIV-1 infection and disease progression (Luster 1998).

Gropx (SB-251353):

Identification of Gro^T:

The truncated version of the human CXC chemokine GroP was first described 

by King et al from the research laboratories of the pharmaceutical company Smith 

Kline Beecham (SB) in Pennsylvania (King, Johanson, Frey, DeMarsh, White, 

McDevitt, McNulty, Balcarek, Jonak, Bhatnagar, & Pelus 2000). They used a 

previously described synthetic immunomodulatory peptide called SK&F 107647 to 

stimulate animal and human stromal cell lines. This resulted in the secretion of a 

soluble mediator that augmented CFU-GM (colony forming units granulocyte- 

macrophage) formation. They purified and sequenced the human stromal cell-derived 

haemopoietic synergistic factor (HSF) and identified it as an N-terminal truncated 4- 

amino acid truncated form of the CXC chemokine Grop. In comparison to it’s full- 

length form, the truncated GroP (GropT) was shown to be 10 million times more 

potent as a synergistic growth stimulant for CFU-GM. Enhanced potency of the novel 

truncated chemokine relative to their full-lentgh form was also demonstrated in 

respiratory burst assays, CDl lb antigen expression and intracellular killing of Candida 

albicans.
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Murine stromal cell lines secreted an N-terminal 4-amino acid truncated form of KC 

a murine HSF which is also a member of the CXC chemokine family. The murine KC 

gene is homologous to a superfamily of related human chemotactic heparin binding 

proteins, with high homolgy to the Gro a, p, y gene family. Both heparin and anti- 

GroP monoclonal antibodies completely neutralised all SK&F 107647-induced HSF 

bioactivity in vitro and in vivo. King et al used heparin binding and anti- Grop affinity 

chromatography to purify GropT from a marrow stromal cell line, TF274.

Recombinant GroPT was then cloned and produced which confirmed the biological 

activities of the truncated chemokines produced in SK&F 107647-stimulated stromal 

cell cultures. SB-251353 is a recombinant form of the naturally occurring CXC 

chemokine GroPT, consisting of amino acids 5-73 of the full-length protein. It is 

produced in E. coli.

GropT (SB-251353) Animal Data:

Preclinical studies have shown recombinant SB-251353 induces a rapid PBSC 

and neutrophil mobilization in murine and rhesus monkey models after a single 

subcutaneous injection (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 

2001). Optimal effects were observed in combination with G-CSF therapy.

Preclinical data in mice and monkeys showed that combination of a single 

administration of SB-251353 with GCSF (over four days) mobilised significantly 

more PBSCs (as measured by CFU-GM numbers) than either regimen alone. In 

murine transplantation models, single-agent, SB-251353-mobilised PBSCs engrafted 

better than G-CSF-mobilised PBSCs as indicated by faster recovery rates for 

neutrophils and platelets in irradiated mice. Neutrophil recovery rates were further 

improved when SB-251353 was administered in combination with G-CSF.
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Preclinical data for healthy mice in which SB-251353 was used as a single 

agent at a subcutaneous dose o f 2.5 mg/kg demonstrated rapid PBSC mobilisation 

peaking at 15 to 20 minutes after SC injection persisting for up to 90 minutes (King,

Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). The optimal dose for the

o
subcutaneous route in mice was 5 to 10 mg/kg. Intravenous bolus administration of \

SB-251353 in mice is not as efficacious in mobilising PBSCs as the subcutaneous X  /  .

route or administration. The efficacy of intravenous SB-251353 in the mouse was

approximately one-third that o f 2.5 mg/kg dose administered via the subcutaneous

route. The combination of SB-251353 plus GCSF resulted in significantly greater

mobilisation o f both CFU-GM than G-CSF alone (p< 0.01). In a series o f 11

experiments in which single vs combination therapy was evaluated in parallel, the

combination o f G-CSF with SB-251353 mobilised 5.5-fold more stem cells than G-

CSF alone. GCSF induced optimal stem cell mobilisation after four days of treatment

with minimal activity after one or two days. Over controls single injection o f SB-

251353 in combination with 1 day mg/kg o f GCSF resulted in stem cell mobilisation

equal to four days of GCSF alone.

The ability o f PBSCs mobilised by control (PBS-phosphate buffered solution),

G-CSF, SB-251353 and the combination of G-CSF and SB-251353 to repopulate the 

marrow of lethally irradiated mice was also compared (King, Horowitz, Dillon, Levin,

Farese, MacVittie, & Pelus 2001). Low density PBSCs collected from PBS treated 

mice did not contain sufficient quantities o f repopulating stem cells and protected <

6% o f the transplanted mice after 100 days. PBSCs mobilised by a single SC injection 

o f SB-251353 (2.5 mg/kg) reconstituted 70% of recipient mice (at 1x10^ 

cells/transplant). Stem cells mobilised by GCSF (50 ug/kg BD x 4 days) reconstituted 

80% o f recipient mice (at 1x10^ cells/transplant). Stem cells mobilised by the 

combination of GCSF (50 ug/kg BD x 4 days) plus a single injection of SB-251353
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protected 100% or recipient mice at the 1x10^ cell dose and 50 percent of mice at the 

2x10^ mg/kg cells dose. A dose o f 2x10^ cells per mouse mobilised by either agent 

alone was not protective.

The kinetics of neutrophil and platelet recovery varied in the four groups of 

mice studied (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). Stem 

cells mobilised by SB-251353 restored neutrophil count faster than G-CSF mobilised 

stem cells. Stem cells mobilised by the combination of G-CSF and SB-251353 

restored neutrophil count faster then SB-251353 or G-CSF mobilised stem cells.

Platelet recovery rates in mice transplanted with SB-251353-mobilised stem cells 

recovered faster then GCSF-mobilised stem cells.

The effects of SB-251353 administration on neutrophil counts in mice showed 

a paradoxical dose response (King, Horowitz, Dillon, Levin, Farese, MacVittie, &

Pelus 2001). There was a rapid increase in neutrophil count witliO.l mg/kg resulted in 

maximal response. There was only a marginal increase with higher doses up to 40 /

mg/kg. This is in contrast to stem cell mobilisation which is maximal at 5 mg/kg and /  

j  remains elevated at doses upto 40 mg/kg. Daily administration (days 1-14) o f SB- ‘ ^

251353 resulted in significant neutrophil count increases (5-6 fold) for a period of 8- 

10 days at which time counts returned to baseline levels. Administration o f GCSF 

(50ug/kg sc) resulted in neutrophil counts increasing the 3-4 fold over controls. Co

administration of SB-251353 and GCSF resulted in 25 fold increases in neutrophil 

counts after six days, which returned to baseline levels at 10 days and did not increase ^

through day 14. The mechanism for apparent tolerism is unknown.

Preclinical data with SB-251353 in non-human primates (Rhesus monkey) 

showed similar findings with respect to neutrophil and PBSC counts to the mouse 

model (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). The efficacy 

of increased neutrophil and stem cell mobilisation was again higher after subcutaneous
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administration compared to IV bolus. Haemopoietic progenitor cell mobilisation 

occurred at doses greater than 50 ug/kg. Increases in CFU-GM of 3.5 fold to 10.5 fold 

compared to baseline were observed at SB-251353 doses greater than 250 ug/kg. 

Increased CFU-GM mobilisation was sustained for 2 to four hours in rhesus monkeys, 

in contrast to mice, where progenitor cell mobilisation was more transient. Neutrophil 

counts were also increased with doses from 50 ug /kg to 1 mg/kg but decreased 

transiently within 5 minutes of injection of SB-251353. This decrease was rapidly 

followed by a neutrophilia, which peaked after 50-60 minutes and was sustained for 

more than 4 hours, reaching levels of 40-fold compared with baseline (greater than 40

X 10’ /I).

Administration of a single subcutaneous injection of 250 ug/kg of SB-251353 

on day 5 after 4 days of once daily G-CSF 10 ug/kg resulted in enhanced CFU-GM (2 

fold), CFU-Mega (200 fold) and ANC levels (3 to 4 fold) colonies compared to when 

G-CSF was used alone.

There are some notable contrasts between the responses in mice and rhesus 

monkeys. Firstly doses required to produce a similar response in rhesus monkeys were 

50-fold lower than in mice. This shift in potency was notable as doses used in the 

rhesus monkey were thought to be more predictive of the response in man than doses 

used in the mouse model. Note that much of the doses quoted above are in the mg/kg 

range for mice and the ug/kg range for monkeys. ANCs increased 6-fold in mice 45 

minutes after subcutaneous injection of 0.1 mg/kg SB-251353 alone, which is a non- 

effective stem cell mobilising dose. At stem cell mobilising doses in mice (i.e. 2.5 

mg/kg) there was no observed increase in ANCs. In comparison, the dose response 

curves in the rhesus monkeys for mobilisation of of neutrophils and CFU-GMs were 

similar (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001).

31



Studies in mice to determine the mechanism of action of SB-251353 showed 

failure to mobilise stem cells in CXR2 knockout mice. A neutralising antibody against 

MMP-9 (matrix metalloproteinase-9) was also used to determine if the mechanism of 

SB-251353-induced stem cell mobilisation involved MMP-9 activity in vivo. Injection 

o f SB-251353 resulted in a 14-fold increase in CFU-GM in blood compared to PBS 

controls; the increase was completely prevented by pre-administration of anti-MMP-9 

(King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). This indicates that 

increased MMP-9 enzyme activity is a key mediator in CXC chemokine-induced stem 

cell mobilisation. However, this antibody did not prevent SB-251353 induced 

neutrophil count increases. This indicates that induction o f stem cell mobilisation and 

neutrophilia occur by different mechanisms.

Rationale for Proceeding to Human Trials:

The decision to proceed to human trials was based on the above evidence that 

SB-251353 (GropT) alone or in combination with G-CSF rapidly (within 15 minutes) 

mobilises haemopoietic stem cells with long-term repopulating ability producing high 

quality grafts. Therefore, trials were based on the hypotheses that GropT could 

potentially have the following benefits;

(1) To reduce the number of apheresis sessions and/or amount o f G-CSF required to 

collect adequate numbers o f PBSCs for successful peripheral blood cell transplantation

(2) To improve hematopoietic recovery after transplantation.

(3) Produce stem cell mobilisation over a more predictable timeframe.

/ Hd̂ W t/ ^
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(4) Improve PBSC yields in poor mobilisers.



(5) Increase neutrophil counts in neutropenic patients. tC / -

4 X U - ^ /6 u * u

GrobT Trials: r  '

A series of human studies were devised by the clinical research team in 

SmithKJine Beecham to investigate the use o f GrobT in humans. The trials were 

designated with numbers as 001, 002, 003 etc in order of logical development stages.

Not all of these trials were pursued. Hence the trials 001, 002 and 004 are discussed in 

thesis. Study 007 is the current ongoing trial in succession to study 004. Study 001 was 

conducted in 2 groups of 3 healthy male volunteers receiving G-CSF (Filgrastim - 

unglycosylated rhG-CSF; Neupogen, Amgen) at a dose o f 5 ug/kg daily for a 

maximum of 4 days. The objectives of the study were to study the quantity and the 

quality of the stem cells mobilised and to assess the feasibility o f the methodologies 

used and practicalities o f sample transport in preparation for studies 002 and 004. The 

usual dose of G-CSF for stem cell mobilisation is lOug/kg for 5-7 days. This study was 

not designed to mobilise sufficient stem cells aimed for harvesting, and therefore the 

dosage was halved to 5 ug/kg for a duration o f only 3 or 4 days instead o f 5 to 7 days.

Also this dose in young healthy subjects is reported either to be free from bone pain 

(the most common side effect of G-CSF) or associated with pain at a level that was 

easily treated with paracetamol analgesia. Furthermore the lower dose was felt to be 

sufficient to provide adequate PBSC mobilisation for study purposes. The effects of 

lower doses of G-CSF are also o f interest because lower doses than lOug/kg/day were 

planned to be used in a subsequent combination study o f G-CSF and SB251353.

Study 002 was planned as a single blind, single rising intravenous dose, placebo 

controlled study to investigate the tolerability, pharmacokinetics and preliminary 

pharmacodynamics of SB-251353 in healthy male volunteers. This study was the first 

administration o f SB-251353 to man. SB-251353 or matched placebo was
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administered as a 30 minute infusion in a dose rising fashion. The starting dose for the 

study was 0.2 ug/kg because from preclinical data this dose was determined as:

• 1/10th of the minimum dose tested that caused an increase in neutrophils and stem 

cells (CFU-GM) in the rhesus monkey (2 ug/kg) when SB-251353 was 

administered either intravenously or subcutaneously.

• 1/5000th o f the optimal biological dose (OBD) (CFU-GM, 1 mg/kg being the 

highest dose tested) which results in an increase in stem cells observed in the 

rhesus monkey (the most sensitive species studied) when administered 

subcutaneously.

• 1/5000th o f the no effect dose for clinical observations in rhesus monkey ( 1 mg/kg 

administered intravenously; AUC (area under the curve) (0-6hr) 1.90 ug.hr./ml).

•  1/40000th of the no effect dose for antigenicity (8 mg/kg in rhesus monkey) when 

administered once subcutaneously.

Thirty nine subjects were studied in groups o f 3 to 4 and received 9 incremental doses 

of GropT (0.2 to 200 ug/kg) or matched placebo.

Study 004 was conducted in a similar fashion investigating the subcutaneous 

effects of eight incremental doses (0.2 to 500 ug/kg) of GroPT in 34 subjects.

Background to Assays Used in Study:

The main objective of this study was to examine the HSC mobilising capacity 

o f GroPT. Hence most emphasis was placed on enumeration of CD34 cells and 

clonogenic assays. The immunological effects of this chemokine are also of 

considerable interest. Neutrophil activation may be an undesirable effect of GroPT in

patients and donors as activated neutrophils may adhere to endothelium causing j  _ ')

vasculititis. Alternatively a neutrophil activating effect o f GroPT may point to a role



for this agent in patients with neutrophil disorders such as LAD (leucocyte adhesion 

defect). The effect o f this agent on the phagocytic and bactericidal function of 

neutrophils, if benefical may lead to a role in patients with neutrophil function defects 

eg HIV and chronic neutropenia. The effect o f GCSF on neutrophil activation and 

function is not firmly established, with divergent reports in the literature (de Haas et al. 

1994;Falanga et al. 1999;Kerst et al. 1993;Leavey et al. 1998;Pitrak 1997;Stroncek et 

al. 1998). Hence we used the opportunity to study the effects of GCSF on these 

functions and compare them with the effect o f Gro(3T. Finally the effect o f GCSF and 

GroPT on the polarisation o f CD4 cells towards a Thl or Th2 phenotype was studied 

due to the potential o f these agents to induce or decrease GVHD. A background to 

these assays is now presented. Enumeration of CD34 cells is only briefly discussed as 

it has been described in detail above.

CD34 enumeration / Clonogenic assays:  ̂ y

CD34 is currently the antigen of choice for identification of 

haemopoietic stem cells with the ability to reconstitute haemopoiesis in hosts given 

myeloablative doses or chemotherapy and / or radiotherapy. The CD34^ population is 

heterogeneous and pluripotent stem cells constitute only a minor fraction o f the whole 

CD34^ population. Several attempts have been made to enrich for the most immature 

human haemopoietic cells by determination o f subsets o f CD34^ cells. Data available 

suggests that the most primitive cells are enriched in the CD34^CD38", CD34^HLA- 

DR" or CD34^Thy-C subpopulations. However, for the purposes of this study the use 

o f CD34 allowed identification o f pluripotent stem cells.

Prior to the discovery o f the CD34 antigen as a marker for haemopoietic stem 

cells clonogenic assays were the standard method of determining whether a bone 

marrow harvest contained sufficient stem cells to regenerative haemopoiesis in a
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myeloablated host, Clonogenic assays were used in the mouse and monkey models of 

Gro^T development. Data in mice suggested that GropX may preferentially mobilise 

megakaryocyte precursors and lead to enhanced platelet recovery over GCSF (King, 

Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001), Clonogenic assays provide 

an in vitro model demonstrating the capacity of mobilised HSC to form colonies of 

granulocyte-macrophage, erythrocytic and megakaryocytic lineages. Hence clonogenic 

assays were included in the study in addition to CD34 enumeration.

Neutrophil Activation:

CDl lb (MAC-1) is weakly expressed on the surface of resting granulocytes 

but can be readily detected within 30min of activation (Carlos & Harlan 1994), CD62L 

in contrast is innately expressed on resting granulocytes but is rapidly shed following 

activation (Carlos & Harlan 1994), Simultaneous analysis of CD 11b and CD62L 

allows sensitive and specific detection of activated granulocytes. The effects of G-CSF 

and SB251353 on neutrophil activation are of interest as this may effect the fimction of 

mobilised neutrophils,

CD62L is a member of the selectin family of adhesion molecules which is

comprised of three proteins designated by the prefixes E (endothelial), P (platelet)

and L (leucocyte), L-selectin is expressed only on leucocyte and is involved in

leucocyte traffic in the systemic microcirculation. It is shed upon leucocytes activation

following proteolytic cleavage of this molecule near the membrane insertion (Carlos &

Harlan 1994), Ligands for L-selectin include GlyCAM-1 (glycosylation-dependent

cell adhesion molecule-1), CD34 and MAdCAM-1 (murine mucosal lymphoid

adresin) on lymphoid high endothelial venule. It binds to an as of yet unidentified

cytokine-induced counterstructure on nonlymphoid endothelium, L-selection also

exists as a soluble circulating form which modulates leucocyte adhesion to
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endothelium during inflammation by inhibiting leucocyte adhesion to cytokine- 

stimulated endothelium (Carlos & Harlan 1994).

CDl lb is a member of the p2 integrin family. Integrins are transmembrane cell 

surface proteins that bind to cytoskeletal proteins and communicate extracellular 

signals. Each integrin consists of a non-covalently linked, heterodimeric a  and 

P chains. There are at least 8 P chain subunits and 15 a  subunits which may be 

combined in different permutations to form at least 21 different integrin combination. 

Integrins have been arranged into subfamilies according to the p subunits. Within the 

integrin family of adhesion receptors only five members have so far been shown to be 

involved in leucocyte adhesion to endothelium: the p2 leucocyte integrins 

(CD 11 a/CD 18, CD 11 b/CD 18 and CD 11 c/CD 18), the Pi integrin VLA-4 

(0 4 pi, CD49d/CD29) and OjpT. The P2 leucocyte integrins share a common p chain 

(CD 18). Three a  subunits are noncovalently associated with CDl 8: CDl la, CDl lb 

(Mac-1, Mo-1) and CDl Ic. The expression of the P2 integrins is restricted to 

leucocytes, but among the subtypes of leucocytes the distribution of CDl 1/CD 18 

differs. Peripheral blood lymphocytes express primarily CDl la/CD 18 whereas 

neutrophils, monocytes and NK cells express all three p2 integrins (Carlos & Harlan 

1994).

Neutrophil adhesion to endothelium relies on CDl la/CD18 and CDl lb/CD 18

leucocyte integrins. Ligands for P2 leucocyte integrins include proteins expressed by

cells (ICAM-1, intercellular adhesion molecule 1), soluble proteins (fibrinogen and

factor X) and complement fragments. CDl lb/CD 18 was initially identified as a

receptor for iC3b and was defined as CR3. CDl lb/CD 18-dependent neutrophil

adhesion to endothelium was shown to be rapidly induced by fixation of complement

on the endothelial surface (Carlos & Harlan 1994). This mechanism may be important

in vasculitides and acute xenograft rejection. The significance of the p% leucocyte
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integrins has been demonstrated by the LAD Type 1 syndrome. In this autosomal 

recessive disorder there is partial or total absence of expression of the P2 leucocyte 

integrins on all leucocytes leading to a defect in the recruitment of neutrophils to the 

sites of inflammation (Pitrak 1997).

Activation of neutrophils provokes rapid translocation of CDl lb/CD 18 and 

CDl 1 c/CD 18 from intracellular granules to the plasma membrane. Most stimuli that 

produce upregulation of neutrophil CDl lb/CD 18 also induce a rapid, concomitant 

decrease in surface L-selectin. The down-regulation of L-selectin is the result of 

shedding of surface L-selectin that is produced by cleavage of the extracellular portion 

of L-selectin by an endogenous protease. The functional significance of L-selectin 

shedding is uncertain, but it may serve to limit leucocyte recruitment. In addition to 

these rapid (minutes) changes in cell - surface expression of adhesion molecules, 

quantitative alterations in integrin receptors have been reported to occur with longer 

stimulation (hours to days). Integrin receptors on circulating leucocytes are normally 

in an inactive or low-avidity state in that they do not bind or bind only minimally to 

their endothelial ligands. With appropriate activation of the leucocyte, the integrin 

receptors are transformed to an active state in which they bind to surface ligand. The 

ability of integrin receptor to transform rapidly from a low-avidity to a high-avidity 

state allows leucocytes to circulate freely, but then stick firmly at sites of inflammation 

(Carlos & Harlan 1994).

The effect of G-CSF on the immunophenotypic expression of neutrophils has 

been investigated with some inconsistent results. The effect of GroP on the expression 

of CDl lb and CD62L is unknown. In vitro exposure of neutrophils to G-CSF and 

GM-CSF increases surface expression of CDl lb, probably due to mobilisation of 

CDl lb to the surface from intracellular stores (de Haas, Kerst, van der Schoot, Calafat, 

Hack, Nuijens, Roos, van Oers, & dem Borne 1994;Falanga, Marchetti, Evangelista,
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Manarini, Oldani, Giovanelli, Galbusera, Cerletti, & Barbui 1999;Pitrak 1997). 

However, in other studies CDl lb levels remained unchanged (Leavey, Sellins, 

Thurman, Elzi, Hiester, Silliman, Zerbe, Cohen, & Ambruso 1998;Stroncek, Jaszcz, 

Herr, Clay, & McCullough 1998), or decreased (Liles, Rodger, & Dale DC 

1994)during GSCF adrninistration, GM-CSF has a greater effect on CDl lb expression 

than G-CSF and this is associated with greater adhesion to endothelial cells and a 

longer period of leucopenia after injection (Yong & Linch 1992). After 5 days of 

administration, however, there is a downregulation of CDl lb coincident with 

upregulation of CD 14 (Kerst, de Haas, van der Schoot, Slaper-Cortenbach, Kleijer, 

dem Borne, & van Oers 1993;Liles, Rodger, & Dale DC 1994).

L-selectin (CD62L) is also affected by GCSF. There is an initial increase in the 

affinity of L-selectin for it’s ligand. This change increases adhesion to endothelial cells 

and may contribute to the transient neutropenia just after administration of GCSF in 

vivo. Thereafter there is shedding of L-selectin and its expression is decreased with 

GCSF in vitro and in vivo after single dose administration (Pitrak 1997). Conflicting 

reports exist of whether L-selectin levels recover after 5 days continuous 

administration of GCSF or remain decreased (Liles, Rodger, & Dale DC 1994;Ohsaka 

et al. 1993).

Neutrophil Function:

The process of microbial uptake and killing by neutrophils may be analysed as 

several distinct steps. The first step of which is neutrophil chemotaxis, followed by 

phagocytosis and respiratory (oxidative) burst. Bacteria are also killed non-oxidatively 

by degranulation. In this study we focused on two steps of this process, namely 

bacterial uptake (phagocytosis) by neutrophils and oxidative burst. GCSF enhances 

phagocytic activity of normal neutrophils and has been reported to reverse phagocytic
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defects in HIV infection and in bone marrow transplant recipients (Pitrak 1997). The 

oxidative burst is an important anti-microbial function o f neutrophils, resulting in the 

generation of highly anti-microbial toxic oxygen species such as hydrogen peroxide, 

superoxide and hypochlorous acid. Studies show that GCSF prime neutrophils and ^  ■

enhance respiratory burst (Pitrak 1997).

Studies examining bacterial killing in vitro have shown different results 

depending on the in vitro conditions, the particular bacterial species used and the 

source o f neutrophils, either healthy volunteers or patients with different disease states.

Roilides et al demonstrated that ^C SF significantly increases the capacity of normal 

neutrophils to kill Staphylococcus aureus in vitro (Roilides et al. 1991). Shimono et al, 

however, did not observe any enhancement o f killing o f any o f three organisms tested 

(S. aureus, serum resistant Pseudomonas aeruginosa and C. albicans) by neutrophils 

from control subjects or patients with haematological disorders (Shimono et al. 1994).

Leavey at al reported a mildly deficient killing activity after GCSF administration 

(Leavey, Sellins, Thurman, Elzi, Hiester, Silliman, Zerbe, Cohen, & Ambruso 1998).

A number o f clinical studies have demonstrated increased neutrophil killing o f a 

variety of bacterial and fungal pathogen upon GCSF administration in different disease 

states associated with neutrophil dysfunction eg HIV and chronic neutropenia (Pitrak 

1997). The full benefits o f GCSF on bactericidal capacity may not be evident with 

reaction mixtures containing only neutrophils and target organisms. Synergistic killing 

can be seen using reaction mixtures containing antibiotics.

CD4 Subset Analysis (Thl:Th2) Ratio:

The abbreviations Thl (T helper cell type 1) and Th2 (T helper cell type 2) 

refer to CD4 T cell subsets that provide help to cells o f the innate and adaptive 

immune systems. Other lymphocytes besides CD4 cells have also been reported to
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produce T1 / T2 type subsets. Multiple Th forms have been described (eg Thl, Th2, 

Thp, ThO, Th3) and the terms naïve, effector and memory are often mentioned within 

the same context. Antigen-naive T helper cells are designated Thp for precursor of T- 

helper cell. Upon antigen exposure through contact with cells of the innate immune 

system (mainly dendritic cells in lymphoid tissue), a Thp cell may undergo 

differentiation to an uncommitted cell termed ThO. The exact nature of this cell is 

unknown, it may be an IL-4 and IFNy producing Thl/Th2 precursor or alternatively it 

may represent a mixture or population of cells secreting multiple varieties of cytokines. 

Antigen exposure to a Thp cell results in the creation of either a Thl or Th2 effector 

cell. The cytokine millieu determines the polarisation towards the Thl or Th2 

phenotype. Differentiation to a memory phenotype is probably determined by 

secondary antigen presentation by dendritic cells or B cells. If the cells are actively 

secreting cytokines they can be considered Thl or Th2 primary effector cells. If they 

are resting but polarised (ie committed to a Th type) they can be considered memory 

cells.

Chemokines and chemokine receptors are instrumental in T cell priming and 

Thl / Th2-mediated responses. Dendritic cells that present antigens to T cells are 

heavily influenced by chemokines in their life cycle. Naïve T cells as well as 

expressing L-selectin, also express the chemokine receptor CCR7. This chemokine 

receptor and it’s ligands are important in orchestrating T cell -  dendritic cell 

interaction. Mice lacking CCR7 are incapable of mounting a primary T cell response. 

Following priming T cells acquire effector function (Thl / Th2). They can produce 

cytokines and acquire new homing potential by losing CCR7 and acquiring receptors 

for inflammatory chemokines depending on their polarisation (Sallusto 1999).

Therefore, lymphocytes exert their effector function in part through the 

synthesis and release of cytokines. Naïve cells produce mainly IL2, while memory

41



cells produce a range of cytokines depending on their phenotype. Functional subsets 

of CD4+ T helper cells were identified in mice over 15 years ago but remained elusive 

in studies of the human immune system due to the lack of subset-specific surface 

markers. The advent of monoclonal antibodies reactive with interleukin-4 and 

interferon-y together with techniques for simultaneous intracellular and surface antigen 

staining promised to allow identification of human CD4 subsets on the basis of 

functional cytokine production. Thl CD4 cells are pro-inflammatory and secrete, 

among other cytokines, IFN-y. In contrast, Th2 CD4 cells are anti-inflammatory and 

antagonise the effect of Thl cells; they can be identified by their production of IL-4. 

Cytokines secreted by T helper cells play an important role in the immunoregulation of 

lymphocyte responses; the study of the cytokine profile of cells may be important in 

the study of disease aetiology and outcome, including infections, malignancy and 

autoimmune diseases (Goto et al. 1999).

Infused allogeneic T cells in SCT are instrumental in the development of 

GVHD as well as the benefical effect of graft versus leukaemaia (GVL). Depletion of 

T cells from stem cell grafts can virtually eliminate GVHD but this is also 

accompanied by a loss of the GVL effect and a concomitant increase in leukaemia 

relapse. It has been suggested that polarisation of donor T cells also plays a role in the 

development of GVHD (Ferrara & Deeg 1991). Thl induced inflammation appears to 

foster the development of acute GVHD (Mowat 1989). The transfer of allogeneic Th2 

T cells bears a low potential to induce GVHD and these cells may even protect the 

recipient from the development of life-threatening GVHD (Fowler et al. 1994). 

Peripheral blood stem cells (PBSC) are increasingly being used to transplant patients 

but despite receiving approx 10 times more T cells recipients of allogeneic PBPCs 

mobilised by GCSF develop less severe acute GVHD (graft versus host disease) than
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recipients of conventional bone marrow transplants. The following factors may explain 

this:

- infused T lymphocytes could be functionally altered by in vivo exposure to GCSF. 

There is some experimental evidence in murine models in which GCSF shifted 

lymphocytes to a T helper 2 phenotype (Pan et al. 1995;Zeis et al. 2001).

- soluble immunoregulatory mediators infused with allogeneic haemopoietic 

progenitor products collected after GCSF administration could induce T cell 

unresponsiveness thus preventing clonal expansion and amplification of immune 

responses

- Increase in T cell numbers over a threshold value could exert no additive effect

The shift towards Th 2 phenotype may also increase the GVL (graft versus leukaemia 

effect) (Zeis, Uharek, Hartung, Glass, Steinmann, & Schmitz 2001)However, the 

effect, if any, of GCSF on NK (natural killer) cell function and numbers is unknown. 

Down-regulation of NK cell function could potentially abrogate any potential GVL 

effect and vice-versa.

GCSF is currently used not only to mobilise PBSCs in donors but also to treat 

recipients in the early post transplant phase to ensure engraftment. However, GGCSF 

decreases the production of inflammatory cytokines and Th2 immune deviation (Pan, 

Delmonte, Jr., Jalonen, & Ferrara 1995;Volpi et al. 2001;Zeis, Uharek, Hartung, Glass, 

Steinmann, & Schmitz 2001). This immune-suppressive action may attenuate the risk 

of acute GVHD but may also cause prolonged immune-suppression and could 

adversely affect the recovery of anti-infection T-cell reactivity. Th2 cells, unlike Thl 

cells do not prevent against intracellular pathogens and fungi. Recent it has been 

shown that the administration of GCSF post transplant in recipients of HLA 

mismatched transplants impairs functional immune recovery. Volpi et al studied two 

groups of HLA mismatched transplant patients who had either received GCSF post
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transplant or had not (Volpi, Ferruccio, Tosti, Capanni, Ruggeri, Posati, A versa, 

Tabilio, Romani, Martelli, & Velardi 2001). The improvement in recovery of immune 

function in patients who had not received GCSF was superior. Production of IL-12, an 

inflammatory cytokine, by dendritic cells was restored within 1 month (versus >12 

months in recipients given GCSF), and the CD4 cells count reached 0.1 x 10̂ /1 at 1-2 

months (versus 12 months) postgrafting and 0.3 x 10̂ /1 at 5-6 months (verus > 18 

months). T cells also showed a mixed ThO/Thl pattern and had more anitfungal 

activity in the patients who did not receive GCSF. The infection related mortality in 

patients not treated with GCSF was 25% versus 35% in the patients given GCSF. 

There was no reduction in engraftment rates or increase in GVHD in the group who 

did not receive GCSF.

The immunological effects of GCSF may be as important as it PBSC 

mobilising capacity. Similarly, it is important to determine the immunological effects 

of GrobT if it is to be used a mobilising agent. The effect of GCSF and Gro^T in 

normal donors on the Thl:Th2 ratio was studied. This assay was the most technically 

difficult assay used in the study. A variety of methods are described in the literature 

but none are ideal. We developed a new method which has been published. The 

background to this is described in detail in the methods section.

Summary:

Haemopoietic stem cell transplantation has evolved greatly over the past thirty 

years. The identification of the CD34 epitope and development of sensitive antibodies 

and techniques to quantify these cells has been a major advance. Characterisation of 

PBSCs and the use of GCSF to mobilise them has paved the way for peripheral blood 

stem cell transplants. However, a subset of patients -  poor mobilisers, exists, usually 

due to heavy prior treatment with chemotherapy and / or radiotherapy or disease
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infiltration. The development of a novel mobilising agent which can be used alone or 

in conjunction with GCSF to mobilises PBSCs in this group of patients is potentially 

of significant clinical benefit. The use of a agent which decreases the number of 

leucophereis sessions required and mobilises PBSCs rapidly in a predictable manner 

allowing leucophereis to be planned accurately are potential additional benefits. GropT 

in animal models has been to shown to produce high quality PBSCs leading to rapid 

and durable grafts with reduced recovery times through the cytopenic phase. Any agent 

that can reduce the cytopenic phase is of immense clinical interest as it should 

significantly impact on the high morbidity and mortality associated with stem cell 

transplantation.

The immunological effects of GroPT are also of considerable interest as they 

may cause unwanted side-effects eg vasculitis, GVHD or provide additional benefits 

eg reduction of GVHD, GVL, improved neutrophil function.

Studies 001, 002 and 004 as described in this thesis represent the first clinical 

step in humans in the development of GroPT as a potential therapeutic agent in the 

mobilisation of PBSCs and management of neutropenic patients.
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Chapter 2

Methods
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In developing the experimental methods used in the trial many practical details 

had to be considered the most important of which was the time lag between sample 

collection and analysis. As the samples were collected at another unit (Clinical Trials 

Unit, Addenbrookes Hospital Cambridge) and had to be transported to London the 

conditions under which blood was collected and transported were crucial. Also as the 

subjects were having multiple assays performed at upto 16 different time points per 

session it was important to perform as many tests on each sample as possible rather 

than taking mulitple samples at each time point. One of the criteria for withdrawing 

volunteers from the trial was the development of anaemia (Hb<l 1 g/dl). One method 

described in the literature for neutrophil function required 80 ml of blood. This was not 

practicable as four samples were required for each subject at each dosing session.

A lot of background work was involved in standardising the functional assays 

described below prior to the trials. For both neutrophil function and CD4 subset 

analysis there was no agreement in the literature on a standardised methodology. No 

two papers described an identical technique. Consequently, there is also a large 

disparity in results in studies analysing the effect of G-CSF on neutrophil function and 

CD4 subsets analysis

CD34+ / ANC cell enumeration protocol: 

Background:

Haematopoietic stem cells mobilised into peripheral blood can be identified by 

the surface expression of the CD34+ antigen (Barnett, Janossy, Lubenko, Matutes, 

Newland, & Reilly 1999). This molecule is expressed very early in the differentiation 

of haematopoietic stem cells and its expression reduces with increasing cell maturity. 

CD34+ cells capable of tri-lineage engraftment in allogeneic recipients have been 

shown to have high expression of CD34+ but are small with low granularity. These
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appear by flow cytometry as CD34+ “high” / SSC “low”. This population is relatively 

readily identified in mobilised peripheral blood samples but is less easily defined in 

bone marrow samples where the CD34++ population is far more heterogeneous.

The ProCOUNT progenitor cell enumeration kit confirms with the 

specifications as detailed by BCSH and ISHAGE guidelines as discussed in chapter 1. 

It is designed as a two-step, lyse-no-wash assay. The kit consists of a CD34+ reagent, 

an isotype control reagent and TRUCOUNT absolute count tubes to determine the 

absolute counts volumetrically. Two tubes are used per assay, the CD34+

TRUCOUNT tube contains CD34+ PE, CD45 PerCP and nucleic acid dye. The control 

TRUCOUNT tube contains nucleic acid dye, isotype matched IgGi PE and CD45 

PerCP. Nucleic acid dye allows for inclusion of all intact nucleated cells, excluding 

non-nucleated events (cellular debris, mature erythrocytes and platelets). CD34+ PE 

monoclonal antibody recognises a class III (protease-resistant) epitope of the HSC. 

The isotype control IgGi antibody, is specific for keyhole limpet hemocyanin, an 

antigen not expressed on human cells. IgGi conjugated to PE is used as a 

concentration-matched isotype-specific negative control to evaluate non-specific 

binding and to alert the user to any sample-associated debris that might occur in the 

CD34+ enumeration region. CD45 PerCP is an antibody specific for the human 

leucocyte antigen. It is present on all leucocytes but is expressed at distinctly lower 

levels on HSC. This parameter, in conjunction with the side scatter parameter, assists 

in discriminating the CD34+ cells from lymphocytes, monocytes, granulocytes, dying 

cells, cell debris, platelet clumps and nucleated erythrocytes. The TRUCOUNT 

Absolute Count Tubes contain a lyophilised pellet of a known number of fluorescent 

beads. The beads provide an internal reference through which an absoloute count is 

obtained. The pellet is contained in the bottom of the tube by a stainless steel retainer.
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Method:

Peripheral blood samples were sent to the processing laboratory at room 

temperature. All samples were analysed within 12 hours of venepuncture. A TruCoimt 

(12x75mm) polystyrene tube was labelled with the sample number and the monoclonal 

antibody combination (CD34+/CD45). A second tube was labelled “control” with the 

same sample number. ProCount test reagent (20|il) was carefully pipetted of to the 

base of the “CD34+/CD45” labelled tube. The ProCount control reagent (20)11) was 

added to the base of the “control” labelled tube. Next using a semi-automated 

electronic pipette a 50pl EDTA blood was added to the base of each tube and mixed 

well by vortexing.

The tubes were then incubated at 21 in the dark for 10-30min. At the end of this

incubation period 450|ll of FACSLyse was added to each tube. The tubes were then

incubated for a further 30 min at 21°C. At this stage samples were either analysed 

immediately or stored at 4®C overnight and analysed within 24 hours by flow 

cytometry using ProCount software. Using the software the following two-dimensional 

data displays were generated using acquisition software:

• Nucleic Acid Dye v SSC

• CD45 PerCP v SSC

• Nucleic Acid Dye v CD34+ PE

• FSCvSSC (used for optimisation to exclude debris)

The CD34+ tube was acquired first collecting at least 60,000 CD34+ events and / 

or a minimum of 1000 TruCount beads. The control-stained sample was then acquired 

collecting at least 60,000 control events and 1000 TruCOUNT beads. The samples 

were then analysed using dot plots as above. Firstly the CD34+ sample was analysed 

by drawing a region around the lymphocyte population. A second region was then 

drawn aroimd the dim CD45 /.low SSC population on the CD45 PerCP and SSC dot



plot. This region was extended halfway into the lymphocytes (to include mature stem 

cells) and into the monocytes. Next the nucleic acid dye v CD34+ PE dot plot was 

gated on lymphocytes and CD45 dim leucocytes. A region was drawn to include the 

bright CD34++ cells. The proportion of beads was obtained by drawing regions around 

the bead population in the above plots. The absolute CD34+ count was calculated 

using die following formula:

#CD34+ cells x beads per test x dilution factor = CD34+ cells / ul 
# beads test volume

The beads per test is a standarised value that is given which each batch of 

TRUCOUNT tubes. Figure 2.1 shows a worked example that demonstrates the gating 

strategy used by the ProCount software. Absolute nucleated cell (ANC) count and 

CD45 cell count were also given with above gating strategy and were almost always 

identical.
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Figure 2.1; Example of CD34+ cell count using ProCOUNT software.

Figure 2.1.1: R1 region encompasses the lymphocyte population on the nucleic acid 

dye V CD34+ plot.

Figure 2.1.2: SSC v CD45 plot. R2 encompasses the bead region. A second region 

(R3) was then drawn around the dim CD45 /.low SSC population, this region was 

extended halfway into the lymphocytes (to include mature stem cells) and into the 

monocytes.

Figure 2.1.3: SSC v CD34 plot. R4 encompasses CD34+ cells. R5 encompasses the 

bead region.
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Granulocyte activation analysis protocol:
Background:

Peripheral blood granulocytes (basophils, eosinophils and neutrophils) are 

readily activated in-vitro by physical stimulation and temperature changes. To 

minimalise this all samples for analysis were drawn into EDTA preservative and 

maintained on ice prior to analysis. CDl lb (MAC-1) is weakly expressed on the 

surface of resting granulocytes but can be readily detected within 30min of activation 

and is stable for at least 8 hours at 4 ®C in EDTA. CD62L in contrast is innately 

expressed on resting granulocytes but is rapidly shed following activation (Carlos & 

Harlan 1994). Simultaneous analysis of CDl lb and CD62L allows sensitive and 

specific detection of activated granulocytes,

Method:

Peripheral blood samples in Na EDTA were sent to the processing Laboratory 

in wet ice within 4h of venepuncture. A Falcon 2052 (12x75mm) polystyrene tube 

was labelled with the sample number and the monoclonal antibody combination 

(CDl lb PE / CD62L FITC). Ten pi of each monoclonal antibody was pipetted to the 

base of the labelled tube. Using a fresh pipette tip lOOpl EDTA preserved blood was 

added to the base of the tube and mixed with the antibody combination. The tube was 

incubated at 4°C in the dark for 10-30minutes. FACSLyse (2.0 ml) was then added to 

the tube for a further 10 minutes. The sample was then Centrifuged at 200xg for 

Sminutes with the centrifuge brake on. The supernatant was decanted and the residual 

pellet was re-suspended in 0.5ml PBS and analysed by flow cytometry.

Cells were acquired using a BD FACSCalibur flow cytometer and analysed

using Cell Quest software (BD). The flow cytometer was set-up in Cellquest software

to display two dot plots for FSC vs SSC and FLl vs FL2. The sample was initially
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acquired in setup mode and gated to include nucleated events and to exclude debris. 

The sample was then acquired in list mode (10000 events). The sample was analysed 

as a dot-plot of FLl vs FL2 and the total CDl Ib+ve / CD62L^^+ve/-ve cells were 

calculated as a percentage of the total granulocyte cells (Figure 2.2).
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Figure 2.2; : Neutrophil activation acquisition / analysis dot plot. The LL (lower left) 

quadrant contains cells that are CDl lb  weak / CD62L neg while the UL (upper left) 

quadrant contains cells that CDl lb  ++ / CD62L neg. The LR (lower right) quadrant 

contains the majority of cells are in a resting state i.e. CDl lb  weak /CD 62L +. The 

upper right (UR) quadrant contains cells that CDl lb++ / CD62L+.
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Granulocyte function (bacterial uptake / oxidative burst) analysis 

protocol:

Background:

Peripheral blood neutrophils (PMN) readily take up live or dead bacteria in 

vitro at 37°C and the majority then undergo an oxidative burst in response to this 

stimulus, PMN are easily labelled with a polar, non-fluorescent dye, 2’7’- 

dichlorohydrofluorescein diacetate (DCHF-DA) that is reduced during the oxidative 

burst to 2’7’“ dichlorofluorescein which is highly fluorescent when excited by 488nm 

light. If the bacteria are pre-labelled with the red nuclear dye, propidium iodide (PI) 

then bacterial uptake can be monitored as increasing levels of red fluorescence within 

the PMN population. Oxidative burst in response to the ingested bacteria is evidenced 

by increasing green fluorescence.

The development of a reliable reproducible flow cytometric method of 

analysing the functional ability of neutrophils to phagocytose bacteria 

(Staphylococcus aureus, pansorbin cells) and to oxidatively convert the non- fluorecent 

dye 2'7'-dichlorofloroflourescein-diacetate (DCFH-DA) dye to it's fluorescent form 

2'7'-dichlorofluorescein (DCF) was an arduous process. There are many variables in 

this assay including the type and dose of bacteria, concentration of DCFHDA, 

anticoagulant in which blood is collected, temperature at which sample is transported, 

time from collection at which sample is analysed, incubation time with DCFHDA and 

bacteria and gating strategy used in flow cytometric acquisition and analysis of 

samples.

One method described in the literature required 80 ml of blood (Casado et al. 

1993). This was not practicable as four samples were required for each subject at each 

dosing session. Other methods required the isolation of neutrophils from whole blood 

(Leavey, Sellins, Thurman, Elzi, Hiester, Silliman, Zerbe, Cohen, & Ambruso 1998).
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However, as this process may cause activation of neutrophils it is not ideal. 

Experiments with whole blood anticoagulated with lithium heparin, EDTA and PFH 

(perservative free heparin) showed optimal results with both EDTA and PFH. Hence 

the EDTA sample which was being used for neutrophil activation analysis was also 

used for neutrophil function. Staphylococcal aureus cultured in broth medium in our 

laboratory was used initially. However, a commercially prepared fixed Staphylococcus 

aureus (Pansorbin cells, Calbiochem, San Diego, CA) The optimal incubation time 

and temperature were determined. Samples stored on ice were analysed hourly for 4 

hours and there was no evidence of changes in neutrophil function over this time. The 

assay developed was relatively simple and reliable with a low intrassay cv. Individual 

subjects had consistent responses at varying time points, variation within groups was 

purely due to biological variation in response to specific doses.

Method:

The bacterial solution was prepared by washing 100 ul of Pansorbin cells 

(fixed Staphylococcus aureus) [1:10 stock] with saline in a 10 ml conical based tube 

and re-suspending in 100 ul HBSS. This was then incubated at room temperature for 

15 mins at room temperature with 100 ul PI 100 mg/ml. This was then washed twice in 

HBSS and re-suspended in 3 ml HBSS. The labelled bacteria were kept at 4°C in the 

dark for up to 6 months.

Peripheral blood samples in Na EDTA were sent to the processing Laboratory in wet 

ice within 4h of venepuncture. A Falcon 2052 (12x75mm) polystyrene tube was 

labelled with the sample number. An aliquot of 200|il EDTA preserved blood together 

with 200pl DCHFDA 10|0,M (lOpM made up -lOjxl DCHFDA stock, diluted in 0.5ml 

100% ethanol + 9.5 ml saline) were added to a test tube for 10 mins in agitating 

waterbath @ 37® C @ 10 cycles/min. Then 100 ul volumes of above were removed
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into separate labelled tubes and incubated with 50|il of the Pansorbin bacterial 

suspension as described for a further 60 mins in waterbath @ 37® C @ 10 cycles/min. 

A control consisting of DCHFDA-labelled whole blood incubated without FI-labelled 

bacteria was also setup. At completion of the assay period 2ml FACSLyse was added 

to each tube for 5 mins. The tubes were then centrifuged @ 200 x g for 5 mins and 

resuspend in 500pl FACSflow and analysed by flow cytometry.

The flow cytometer was set-up in Cellquest software displaying two dot plots - 

FSC vs SSC and FLl vs FL2. A gate was then constructed in setup mode to include 

nucleated cells and to exclude debris. The sample was then acquired in list mode and 

analysed using a dot-plot of FLl vs FL2 to calculate the Pl+ve / DCFH-ve cells; the 

Pl-ve / DCFH+ve cells and the PI+ve/DCFH+ve cells as percentages of the total 

granulocyte cells in each sample (Fig 2.3).
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Figure 2.3: Granulocyte function (bacterial uptake / oxidative burst) analysis dot- 

plot o f FLl vs FL2 to calculate the PI (propidium iodide)+ve / DCFH 

(dichlorofluorescein )-ve cells (UL upper left quadrant); the Pl-ve / DCFH+ve cells 

(LR lower right quadrant) and the PI+ve/DCFH+ve cells (UR upper right quadrant) as 

percentages o f the total granulocyte cells in each sample. Cells in LL quadrant are 

negative for both PI and DCFH. All neutrophils have digested bacteria and a 

proportion (UR)have activated in response.
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CD4 cell subset (Thl:Th2) analysis protocol: 

Background:

Lymphocytes exert their effector function in part through the synthesis and 

release of cytokines. Naïve cells produce mainly IL2, while memory cells produce a 

range of cytokines depending on their phenotype. Functional subsets of CD4+ T 

helper cells were identified in mice over 15 years ago but remained elusive in studies 

of the human immune system due to the lack of subset-specific surface markers. The 

advent of monoclonal antibodies reactive with interleukin-4 and interferon-y together 

with techniques for simultaneous intracellular and surface antigen staining promised to 

allow identification of human CD4 subsets on the basis of functional cytokine 

production. Thl CD4 cells are pro-inflammatory and secrete, among other cytokines, 

IFN-y. In contrast, Th2 CD4 cells are anti-inflammatory and antagonise the effect of 

Thl cells; they can be identified by their production of IL-4. Cytokines secreted by T 

helper cells play an important role in the immunoregulation of lymphocyte responses; 

the study of the cytokine profile of cells may be important in the study of disease 

aetiology and outcome, including infections, malignancy and autoimmune diseases.

Measurement of intracellular cytokines requires a system that stimulates 

cytokine production in vitro while suppressing secretion such that the concentration 

within the cell reaches a level detectable by flow cytometry. This is typically achieved 

by co-incubation of peripheral blood mononuclear cells with phorbol myristate acetate 

(PMA), calcium ionophore and brefeldin A or monensin for up to 20 hours. The 

technical difficulty of this assay has been that exposure to PMA leads to the 

endocytosis and subsequent lysosomal degradation of membrane CD4 (Petersen et al. 

1992). Methods used such as the detection of CD3+CD8- cells (Mascher, Schlenke, & 

Seyfarth 1999), pre-selection of CD4+ cells prior to stimulation (Jung et al. 1993) or
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reducing the incubation time (Sewell et al. 1997) are either less accurate or technically 

more demanding than direct measurement of CD4+ cells. This assay proved the most 

difficult to setup in view of the above considerations.

The development of a novel technique for measurement of intracellular 

cytokines therefore facihtating accurate determination of CD4 subset analysis is a 

significant advance over previously described methods (Hennessy et al. 2001). On 

setting up the assay using published methods it was apparent that there was significant 

loss of CD4 molecules following PMA stimulation. Methods described such as the 

detection of CD3+ CDS- cells (Mascher, Schlenke, & Seyfarth 1999) or pre-selection 

of CD4+ cells prior to stimulation (Jung, Schauer, Heusser, Neumann, & Rieger 1993) 

are either less accurate or technically more demanding than direct measurement of 

CD4+ cells. We studied the effect of PMA stimulation on CD4 expression on T cells 

using a variety of commercially available anti-CD4 monoclonal antibodies. The 

Leu3a/3b multiclone antibody consistently showed a higher level of binding after 

PMA stimulation compared with the other anti-CD4 clones tested antibodies. The PE 

conjugates of these clones did not offer significant benefit over the FITC conjugates 

and while this may be noteworthy it is of little relevance since the PE channel in these 

assays has to be reserved for the cytokine measurements due to their very low 

fluorescent signals.

The higher signal :noise ratio associated with the Leu3a/3b reagent, compared with the 

other antibodies available, allows resolution of CD4+ events after PMA treatment of 

cells and thus the direct and accurate identification of the CD4 subset prior to analysis 

of intracellular cytokine levels.

The following describes the process that was involved in establishing the assay 

used in this study, particularly the choice of antibody. As this assay was by far the 

technically most difficult one used in this study and as much background work was
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needed before a reproducible assay could be established I am describing in detail the 

experiments performed in validating the technique. The method established has not 

been previously described and is an advance over previous methods.

Methods:

Anticoagulated (preservative-free heparin) peripheral blood was drawn from 

14 normal healthy volunteers and mononuclear cells (PBMC) were isolated by 

discontinuous density gradient centrifugation (Lymphoprep). Cells were washed once 

to remove contaminating platelets and re-suspended in RPMI 1640 + Glutamax 

(Gibco); supplemented with 10% foetal calf serum (CM) at a density of 10 /̂ml. 0.5ml 

aliquots of individual cell suspensions were co-incubated with and without PMA 

(50ng/ml) (Sigma), and calcium ionophore A23187 (lOng/ml). All aliquots were 

incubated at 37°C / 5% CO2 . At 6 and 20 hours cells were labelled with lOul of anti- 

CD3 antibodies (PerCP or PE) [Becton Dickinson {BD}] and one of the following 

anti-CD4 antibodies: Leu 3a FITC (BD), MT310 FITC (Dako), IOT4 FITC 

(Immunotech), v4 FITC (BD), Leu3a/3b FITC (BD) for 10 minutes followed by 

washing with PBS.

Cells were acquired using a BD FACSCalibur flow cytometer and analysed

using Cell Quest software (BD). For each analysis, dot plot graphs of forward scatter

(FSC) versus side scatter (SSC) were drawn and a lymphocyte region R1 was defined

(Fig. 2.4.1). Other regions were defined as illustrated in Fig 2.4.2, namely, R2 for

CD3+/CD4+ cells and R3 for CD3+/CD4- cells. These regions encompassed the

bright cells for each specificity. A histogram of antibody fluorescence was constructed

on CD3+/CD4+ cells in the R2 region and values for median channel fluorescence

(MCF) of CD4 expression were derived from the linear scale (1-10,000) (Fig 2.4.3).

The signahnoise ratio is the ratio in median channel fluorescence between CD4+ and
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CD4- T cells. All samples analysed for each anti-CD4 antibody were grouped to 

calculate the mean and standard deviation for median channel fluorescence (MCF) 

and signahnoise ratios at 6 and 20 hours.

Once it was established that the Leu3a/3b antibody was superior in discerning 

CD4+ cells after PMA stimulation this clone was used to measure intracellular 

cytokine levels in 16 healthy volunteers. Mononuclear cells were isolated and re

suspended as above. GolgiPlug [Brefeldin A] (PharMingen/BD) lul was added at 

incubation in addition to PMA and calcium ionophore to suppress cytokine secretion. 

The cells were incubated for 20 hours at 37®C / 5% CO2 . A 200ul cell suspension was 

incubated at room temperature for lOmin with 2001 of Leu3a/3b FITC. The cells were 

then fixed for 15 minutes with lOOul of Dako Intrastain Reagent A (Dako), washed in 

PBS and then permeabilised using lOOul of Dako Intrastain Reagent B while 

simultaneously adding the anti-cytokine antibody for 15 minutes followed by washing 

with PBS. Anti-IFN-yPE (PharMingen/BD) and anti-IL4 PE (PharMingen/BD) 

were used, adding 20ul of antibody diluted 1:100 with PBS.

Cells were acquired using a BD FACSCalibur flow cytometer after electronic 

thresholding on forward angle light scatter and analysed using Cell ()uest software 

(BD). For each analysis, dot plot graphs of forward scatter (FSC) versus side scatter 

(SSC), FLl V SSC and FLl v FL2 were drawn. Ten thousand events were acquired in 

list mode, while gating to exclude debris. Anti-cytokine antibody PE events (IFN-y or 

IL-4) were analysed in FL2 and plotted against anti-CD4 FITC events which were 

analysed in FLl. FL2 positive cells were calculated as a percentage of CD4 positive 

cells (FLl), thereby expressing Thl and Th2 cells as a percentage of the total CD4 

positive cells (Fig 2.4.4,5).
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Results:

The level of CD4 expression (median channel fluorescence intensity) was 

reduced by ~ 90% with all antibody clones upon PMA stimulation. This was apparent 

within 3 hours and remained so at 20 hours. This loss of CD4 expression led to a 

significant reduction in the signahnoise ratio and thus a loss of resolution of CD4+ 

cells (Fig 2.4.9,11, 12). Clones Leu3a (Fig. 2.4.9), I0T4, Dako MT310 and V4 (Fig.

2.4.11) were unable to resolve all CD4 events after PMA stimulation. The mean loss 

of CD4+events was 36% for Leu3a and 64% for V4 (Fig 2.4.13). Dako and I0T4 

antibodies did not allow discrimination of CD4+ from CD4- events after PMA 

stimulation. This deficiency was not improved by using phycoerythrin conjugates of 

the same clones . In contrast, despite a similar reduction in the level of CD4 

expression, the Leu3a/3b clone maintained a sufficiently high signahnoise ratio to 

allow resolution of 100% of the CD4 cells even after 20 hours of stimulation (Fig

2.4.12).

The Leu3a/3b clone was used to measure intracellular cytokine levels in 16 

healthy volunteers. In the measurement of interferon-y +ve cells, the 32 samples the 

interassay and intraassay coefficients of variance (cv) were 29% and 6% respectively. 

Simultaneous analysis of IL-4 levels in the same samples produced interassay and 

intraassay cvs of 31% and 25% respectively. As the CD4 population was clearly 

distinct after PMA stimulation, subpopulations of IFN-y+ve and IL-4 +ve cells were 

recognisable (Fig 2.4.4,5).
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Figure 2.4.1 - 2.4.3: Gating strategy used in identification o f CD4+ cells.

Figure 2.4.1: Lymphocytes (Rl)  were collected into an acquisition gate to exclude 

residual red cells, debris, monocytes and granulocytes.

Figure 2.4.2: CD4+ T cells (R2) were distinguished from CD4- T cells (R3) on dot 

plot analysis.

Figure 2.4.3: Histograms were constructed on cells in the R2 gate and were used to 

derive median channel fluorescence intensity.
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Figure 2.4.4 - 2.4.5: Dot plots illustrating interferon-y (Fig 2.4.4) and IL-4 (Fig 

2.4.5) cells in right upper quadrant. IFN- cells were 30%, IL-4 were 10% of the total

CD4 FITC (3) vs IFN-G PE (4)

2.4.4

CD4 FITC (3) vs IL-4 PE (4)

2.4.5

10 ’ 10^ 10^ 

CD4 + cells in this example.
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Figure 2.4.6 - 2.4.11: Dot plots illustrating the resolution of the CD3+/CD4+ cell 
population from CD4- cells before (Fig 2.4,6,8,10) and after (2.4,7,9,11) PMA 
stimulation. Plots [2.4.6] & [2.4.7] show a sample labelled with Leu3a/3b, [2.4.8] & 
[2.4.9] Leu3aand [2.4.10] & [2.4.11] v4.
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Figure 2.4.12: SignahNoise ratio (SNR) of CD4+/CD4- cells with Leu3a, Dako, 

IOT4, V4 and Leu 3a3b antibodies at 20 hrs without (-) and with (+) PMA.
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Figure 2.4.13: Proportionate change in resolvable CD4+ events after PMA 

stimulation.

Leu 3a/3b Leu 3a
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Clonogenic Assays:

Semisolid Culture in Methylcellulose for Mixed Colonies (GM [granulocyte / 

macrophage] / E [erythroid]):

Background:

Methylcellulose is used as it acts as a gelling agent increasing the viscosity without 

converting to a solid. It allows the clonal progeny of a single progenitor cell to stay 

together and also maximizes the growth and differentiation of erythroid and 

granulopoietic colonies. Methylcellulose is prepared in Isocove’s MDM (Modified 

Dulbeccos Medium) and. the following cytokines are added at source at optimal 

concentrations: Stem cell factor, GM-CSF, IL-3, IL-6, G-CSF, Erythropoietin.

Method:

A:-IsoIation of mononuclear cells from peripheral blood samples:

When WBC >0.99 x 10̂ /1 a 20 ml PFH (preservative free heparin) sample was sent to 

the Processing Laboratory (samples were generally received within 4 hrs of 

venepuncture ).

The sample was diluted 1:1 with sterile HBSS (Gibco) and layered on to an equal 

volume of Lymphoprep (Nycomed) at room temperature in polystyrene universal 

containers. It was then centrifuged at 400 x g with brake off for 25 min. The 

mononuclear cells from the interface were recovered and washed twice with sterile 

HBSS by centrifugation at 200g for 10 min. The cells were re-suspended to a 

concentration of 1.1 x 10^/ml in IMDM.
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B:-Preparing / Incubating Plates:

Tubes of MeÜiocult GF+ H4434 3 ml were thawed at room temperature or overnight at 

4°C. Ten ul (1.0 x 10̂  ) of cells were added to tube by gently dispensing just above 

methylcellulose. IMDM (290 ul ) was added at same point to wash down any residual 

cells on side of tube. The tube was vortexed for 15 seconds and then allowed to stand. 

After 15-30 minutes the methylcellulose was drawn up using 1 ml syringes and blunt 

needles. Firstly air bubbles were removed by drawing up 0.1 - 0.4 ml and expelling. 

Then 1.1 ml aliquots were dispensed into the centre of 3 assay dishes and then gently 

rotated to ensure that bottom of plates were totally covered without rising too much on 

the sides of the plates.

The plates were incubated by placing 6 culture dishes (35mm) containing the 

methylcellulose/cell mix with 2 culture dishes (35mm) of sterile water into larger dish 

(100mm). All dishes except water were covered and placed in a “sandwich box” with 

water in the base. The boxes were kept in a humidified incubator with 5% CO2 at 37°C 

for 14 - 16 days.

E:-Counting:

Colonies were counted by their morphological characteristics as CFU-GM (colony- 

forming units -  granulocyte/macrophage) [Fig. 2.5.1], BFU-E (burst-forming units- 

erythroid) [Fig. 2.5.2] and CFU-GEMM (colony-forming unit-granulocyte, erythroid, 

monocyte macrophage) (mixed) per plate. The final result is expressed as total no of 

colonies over 3 plates (if one plate failed the average of 2 plates was taken and 

multiplied by 3) per 10̂  cells added i.e. CFU/10̂
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Figure 2.5.1: Photomicrograph of CFU-GM (colony forming units -  granulocyte

macrophage) colonies.
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Figure 2.5.2: Photomicrograph of BFU-E (burst forming units erythroid) colonies.
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Semisolid Culture in MegaCult-C and collagen for CFU-Mk colonies: 

Background:

Colony-forming imit-megakaryocyte (CFU-Mk) are more difficult to establish 

than CFU-GM / BFU-E. They are sensitive to inhibitors such as transforming growth 

factor commonly present in batches of fetal bovine serum used in assays for other 

hamatopoietic lineages and require a different cytokine combination. Mega-Cult-C 

uses collagen as a gelling agent and a defined serum substitute to minimize the 

inhibitory effects of inhibitors found in most sera. It contains the following human 

recombinant cytokines to optimize CFU-Mk growth: IL-3, IL-6 and thrombopoietin.

Method: 

A:-Isolation of mononuclear cells from peripheral blood samples:

Mononuclear cells were isolated as above. The cells were re-suspend to a 

concentration of approximately 1.1 x 10 /̂ml in IMDM.

B:-Preparing / Incubating Plates:

Tubes of MegaCult-C medium were thawed at room temperature or overnight 

at 4°C. The MegaCult-C and collagen solutions were kept on ice during the 

experiment. One hundred ul of cell suspension was added to each 2.0 ml tube of 

MegaCult-C. The tube was then vortexed for 15 seconds. Using a sterile 2ml pipette 

1.2 ml of cold collagen was transferred to the tube which was then vortexed again for 

15 seconds. Using the same 2 ml pipette, 1.5 ml of the final culture mixture was 

removed and 0.75 ml was dispensed into each of the two wells of a previously labelled 

chamber slide. Another 1.5 ml was dispensed in the same manner onto a second 

chamber slide. Residual air bubbles were remove any air bubbles by gently touching
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them with the end of the pipette. The slides were tipped gently using a circular motion 

to allow the mixture in the chambers to spread evenly over the surface of the slide.

The slides were placed in a 100 mm petri dish along with an open 35 mm petri 

dish containing 3 ml of sterile water to maintain optimal humidity during incubation 

period. The petri dishes were placed in a “sandwich box” with sterile water in base. 

The boxes were kept in a humidified incubator with 5% CO2 at 37°C for 10 - 12 days.

C:-Dehydrating and Fixing Cultures:

The cultures were examined for overall colony growth using an inverted 

microscope prior to dehydrating and fixing. A 200 ml of a 1:3 methanollacetone 

solution was placed in a 2.5 1 plastic container and sealed tightly. The plastic walls and 

rubber seal of the chamber slide were carefully removed. A pre-cut polypropylene 

spacer was gently placed on the chamber slide followed by a thick white filter card on 

top allowing liquid to soak the card.

The thick white filter card was removed leaving the original polypropylene 

separator in place. The slides were placed in the methanol:acetone solution for 20 mins 

and covered, the polypropylene spacers floating off. After removing the slides they 

were allowed to dry for 15 minutes in air. The slides were then stored at 4°C in the 

dark and stained in batches.

D:- Staining:

0.05 M Tris/NaCL Buffer (pH 7.6) was prepared by dissolving 8.766 g NaCL 

in IL deionized, distilled water. This forms 0.15 M Isotonic saline. Next 78.8 g 

Tris/HCL was dissolved in 1 L deionized, distilled water. The pH was adjusted to pH

7.6 using 5m NaOH. This formed 0.5 M Tris/HCL, Ph 7.6. One part of this solution 

was then mixed with 9 parts of isotonic saline.
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Dilutions:

The following substrates came as concentrates in the kit and the following 

dilutions were made:

Human serum -  5% with 0.05 M Tris/NaCl buffer.

Primary antibody [1.0 mg/ml] (mouse anti-human GPIIb/IIIa) Dilute 1/100 in 5% 

human serum at lOug/ml.

Control antibody [0.5 mg/ml] (mouse anti-TNP). Dilute 1/100 in 5% human serum for 

use at 5ug/ml.

1% BSA buffer : Dilute 10% BSA 1/10 in 0.05 M Tris/NaCl buffer to a concentration 

of 1%.

Biotin conjugated goat anti-mouse IgG: Dilute 1/300 in 0.05 M Tris/NaCl buffer pH

7.6 with 1% BSA.

Avidin-Alkaline Phosphatase conjugate: Dilute 1/150 in 0.05 M Tris/NaCl buffer 7.6 

with 1% BSA.

Alkaline phosphatase substate tablets : Each tablet makes 1 ml of substate solution. 

Add to water and vortex until fully dissolved.

Evans Blue 0.5% w/v: Dilute stock 1/6 in menthanol (3 -4  drops Evans Blue/ml 

menthanol).

Method:

The slides were removed from the fridge and allowed to come to room temperature. 

The cultures on the slides were rehydrated by applying 1.5 ml 0.05 M Tris/NaCl buffer 

and incubated at room temp, for 20 mins. Following this 0.5 ml of 5% human serum in 

Tris/NaCl buffer was applied to each slide for 20 minutes. Next 0.5 ml of either the 

primary or control antibody (1 slide per batch) was applied and and incubated for 30 

minutes. The slides were then gently rinsed three times (three mins each) with
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Tris/NaCl buffer. Next 0.5 ml of biotin-conjugated goat anti-mouse IgG antibody was 

applied to each slide and incubated for 30 mins.

This was then followed by a further rinse cycle of three rinses with Tris/NaCl buffer 

for three minutes each. The next step was the application of 0.5 ml of the avidin 

alkaline phosphatase conjugate for 30 minutes followed by a further rinse cycle as 

above. The alkaline phosphatase solution was then prepared and 0.5 ml was applied to 

each slide for 15 minutes followed by a furtrher rinse cycle. Finaly 0.5 ml of Evans 

Blue counterstain was applied to each slide for a maximum of 10 minutes, the excess 

was rinsed off with distilled water.

E:- Scoring Procedure:

CFU-Mk (Fig. 2.5.3) colonies were counted by size -  small (3-20 cells per 

colony), medium (21-49 cells per colony) and large (>50 cells per colony).

The total number of CFU-Mega in 2 chamber slides were counted and expressed as 

CFU-Mega/10^
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Figure 2.5.3: Photomicrograph ofCFU-Mega (colony forming units megakaryocyte)

colonies.
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Study 001 (G-CSF 5ug/kg subcutaneously daily for 4 days) Protocol:

This study was conducted in 2 groups of 3 healthy male volunteers, aged 

between 18 and 45 years. Each subject was administered 5 ug/kg sc G-CSF 

(Filgrastim -unglycosylated rhO-CSF; Neupogen, Amgen) in the morning, daily for a 

maximum of 4 days. On Days 1,3,4 and 5, pharmacodynamic (PD) blood samples 

were taken for enumeration of CD34+ cells; in vitro clonogenic assays, CD4+ subset 

analysis, and neutrophil activation studies (GDI lb, CD62L). Neutrophil function 

assays were not performed in this study.

Stringent safety parameters were in place to protect volunteers from 

unnecessary side-effects. The subjects were resident in the clinical trials unit for the 

duration of the study. To ensure excessive mobilisation did not occur, on each dosing 

day, a full haematological profile was determined at 7 hours after dosing. On Days 3 

and 4 haematology monitoring was also done at pre-dose. A safety CD34-H- cell count 

was done on the same blood samples taken at +7 hours on Days 3 and 4. The results 

were reviewed paying particular attention to the total nucleated cell count (WBC), The 

next dose of G-CSF was only given if there was insufficient PBSC mobilisation to

conduct the assays. If the total WBC count was > 30 x 10^/ L no further doses of 

G-CSF would be given. If the total WBC count was > 70 x 10^/L the subject was to be 

withdrawn from the study and would undergo leucapheresis. This was not required in 

any of the subjects. In addition as a further safety procedure subjects returned for full 

medical and laboratory assessment within 21 days of the start of the study.

Samples were taken on days 1,3,4 and 5 for the following assays:

• Enumeration of CD34++ cell count -  Day 1 (predose), day 3 (+7 hrs), day 4 (+7 

hrs), day 5 (Ohr), day 6 (Ohr).

• In vitro clonogenic assays -  day 5 (+15 mins & 3 hrs), day 6 (Ohrs)
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• CD4 subset analysis -  Day 1 (predose), day 5 (+15 mins & 3 hrs), day 6 (Ohrs)

• Neutrophil activation studies - Day 1 (predose), day 3 (+7 hrs), day 4 (+7 hrs), 

day 5 (Ohr).

Samples were handled as follows:

• CD34+ enumeration - 3-5mL blood samples placed in a Potassium EDTA tube, 

stored at room temperature, analysed within 12 hrs.

• Clonogenic Assays - 20mL blood samples placed in preservative free heparin 

(PFH) tubes, stored at room temperature and plated within 6 hours.

• CD4 Subset Analysis (T helper Cell Analysis)-4.7 mL blood samples placed into 

Lithium heparin tubes and stored at room temperatureprocessed within 4 hours.

• Neutrophil Activation Studies - 3-5mL blood samples were taken and placed in 

Potassium EDTA tubes. Samples were stored on ice and shipped immediately. 

Samples arrived at the laboratory within 2 hours and were analysed immediately.

Study 002 (GropT / SB251353 Intravenously) Protocol:

Study 002 was planned as a single blind, single rising intravenous dose, placebo 

controlled study to investigate the tolerability, pharmacokinetics and preliminary 

pharmacodynamics of SB-251353 in 39 healthy male volunteers. Subjects were 

studied in groups of 4 and received matched placebo in the first session and a dose of 

SB-251353 in the second session. Groups were staggered so that each group is dosed 

with SB-251353 at the same time as subjects in the next group received matched 

placebo. This study was the first administration of SB-251353 to man. SB-251353 or 

matched placebo was administered as a 30 minute infusion in a dose rising fashion.
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The starting dose for the study was 0.2 ug/kg for reasons outlined in the introduction 

chapter (page x).

Dose escalation was planned to proceed cautiously with progression from one dose to 

the next conditional on satisfactory tolerability and pharmacodynamic activity that did 

not exceed predetermined limits at the previous dose. The decision to proceed to the 

next higher dose was to be based on data from at least 3 subjects that have received 

active medication

A subject would be withdrawn from the study:

• If the haemoglobin level fell below 11 g/dL.

• The total WBC count is > 70 x 10^/L. The subject would undergo 

leucapheresis if proved necessary.

Progression from one dose to the next was conditional on satisfactory tolerability, 

pharmacokinetic and pharmacodynamic activity that did not exceed predetermined 

limits at the previous dose. Dosing was performed as a single blind, dose rising, 

randomised, 2 period study. SB-251353 or matched placebo was administered in a 

dose rising fashion. The following doses of SB-251353 were infused over 30 minutes -

0.2, 0.6, 2, 6, 20, 60, 90, 120 and 200, ug/kg. Dosing sessions were separated by at 

least 4 weeks.

On each dosing day, blood samples were taken at pre-dose and at 0.25,0.5,0.75, 1,

1.5, 2, 2.5, 3,4, 6, 8,10, 12,18 and 24 hrs after the start of dosing for dynamic 

measurements.

Pharmacodynamic measurements included:

• Haematology analysis (full blood count plus reticulocytes) on all samples.

• Enumeration of CD34+ and CD45 (all samples).
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• Enumeration of CD62L and CD lib  as neutrophil activation markers predose, 1, 2 

and 4 hours.

• Neutrophil function assay: pre-dose, 1,2 and 4 hr post dose.

• CD4+ T helper cell subset analysis on samples taken at pre-dose, 0.5, 1 and 2 

hours.

• In vitro clonogenic assays (CFU-GM, BFU-E, CFU-GEMM, CFU-MEGA) at 

pre-dose, 1 and 3 hours.

All blood specimens were collected into uniquely labelled tubes containing the 

appropriate anticoagulant, as described above in study 001. Neutrophil function assays 

which were not performed in study 001 were performed using the same sample as 

neutrophil activation specimens (EDTA sample on ice).

In addition as the principal findings in animal toxicology studies was production of 

antibodies to SB-251353 serum antibody levels and the presence of specific 

SB-251353 IgE antibody were assessed throughout the study by using an antibody 

assay and skin prick test, respectively. Anti-SB-251353 antibody levels were 

determined at prestudy, at the Day 15-20 visit in each session, then at Week 5,7 and 

16 follow up visits.

Study 004 (GrobT / SB251353 subcutaneosly) trial protocol:

Study 004 was planned as a single-blind, single rising dose, placebo-controlled

study to investigate the tolerability, pharmacokinetics and preliminary

pharmacodynamics of SB-251353 administered subcutaneously in 34 healthy male

volunteers aged between 18 and 45 years. Subjects were studied in groups of 4 and

received matched placebo in the first session and a dose of SB-251353 in the second

session. Groups were staggered so that each group was dosed with SB-251353 at the
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same time as subjects in the next group received matched placebo, SB-251353 was 

administered subcutaneously in a dose rising fashion in the following doses - 0.2, 0.6, 

2, 6,20, 60,200 and 500 ug/kg. Dosing sessions were separated by at least 4 weeks. 

All available safety and pharmacokinetic data from the preceding dose were reviewed 

before proceeding to a higher.

On each dosing day, blood samples will be taken at pre-dose and at 0.25,0.5,0.75, 1,

1.5, 2, 2.5, 3,4, 6, 8,10, 12, 18 and 24 hrs after the start of dosing for dynamic 

measurements.

Pharmacodynamic measurements included:

• Haematology analysis (full blood count plus reticulocytes) on all samples,

• Enumeration of CD34+ and CD45 (all samples),

• Neutrophil function assay: pre-dose, 0.5, 1 and 2 hr post dose.

• Neutrophil activation assay: pre-dose, 0.5, 1 and 2 hr post dose.

• CD4+ T helper cell subset analysis on samples taken at pre-dose, 0.5, 1 and 2 

hours,

• In vitro clonogenic assays (CFU-GM, BFU-E, CFU-MIXED, CFU-MEGA) at 

pre-dose, 1 and 3 hours.

All blood specimens were collected into uniquely labelled tubes containing the 

appropriate anticoagulant, as described above in study 001 and 002. Subject withdrawl 

criteria, dose escalation criteria and analysis for to SB-251353 antibodies were as for 

study 002.
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Chapter 3

Results
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Results:

Source Data:

A large number of samples were analysed in the course of studies 001 , 002 and 

004. Six subjects participated in study 001 with no placebo group. In study 002, 39 

subjects received placebo while 38 of the 39 received Gro^T in 9 different doses 

groups. In study 004, 34 subjects received placebo and 29 received GropT in 8 

different doses groups. Groups consisted of 3 to 4 subjects. In the case of ANC CD34+ 

assay 16 samples were analysed for each subject for each dose or placebo session. The 

total number of samples analysed per study for each assay are outlined in the table 

below.

Study

GDI

Study

002

Study

004

Assay

CD34+/ANC 30 1232 1008

Clonogenics CFU-GM / BFU-E 18 231 189

Clonogenics -  CFU-Mega 18 231 189

Neutrophil Activation 24 308 308

Neutrophil Function N.D. 308 308

CD4 subsets 24 308 308

Samples were also analysed from 6 normal donors receiving 10 ug/kg for 4 

days in preparation for stem cell harvest for sibling allogeneic transplant. In these 

cases, 2 samples were assayed, a predose sample and a day 5 sample for all the 

parameters above except clonogenics.
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Method of analysis:

Based on the hypothesis that GropT effects a change in ANC, CD34+ cell 

count, neutrophil function, neutrophil activation and Thl:Th2 ratio the analytical 

strategy used was designed to study whether SB-251353 effected a change in values 

from predose values compared to placebo. The mean value of each group of 4 

volunteers for the various assays at different times was used in calculating this 

difference which is referred to as ‘delta’ (A). Delta is a derived value that represents 

the mean change in the absolute number of cells or the proportion of cells from 

predose values and placebo. It was calculated by subtracting the predose values for 

every volunteer at each dose from the values at each time point after dosing with either 

drug or placebo. The meein for each group (4 volunteers at each dose) were calculated 

for session 1 (placebo) and session 2 (SB-251353). The value for session 1 was 

subtracted from the corresponding group and time point in session 2. Therefore, the 

following steps we used in calculating delta:

X = T - predose

(T= value at a specific time point after dosing with either placebo or SB-251353) 

y=  (xl+x2+x3+x4)/4 

(i.e mean of 4 volunteers per group where xl is x value for volunteer 1, x2 is x value 

for volunteer 2 etc.

Delta = y (S 2 )-y (SI)

(y (S2) = y value for session 2. y (SI) = y value for session 1)

Therefore, delta represents the mean change in value per dose group and (absolute 

level or proportion) after dosing with the drug allowing for both baseline values and 

any placebo effect. The mean, standard deviation and coefficient of variation (cv) for 

each group was also calculated.
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The following is a worked example demonstrating the process involved in calculating 

the ANC delta value at 1 hr for study 002 (intravenous route), group 4 (dose 6 ug/kg), 

subjects 13-16, session 1 (placebo) and session 2 (SB251353).

Step 1:

Calculation of X value (T-predose):

Subject Time Session 1 X Session 2 X
13 Predose 6.6 6.3

13 1 hr 5.8 -0.8 24.2 17.9

14 Predose 4.9 5.2

14 1 hr 5.0 0.1 15.5 10.3

15 Predose 4.4 4.2

15 Ih r 4.4 0 16.3 12.1

16 Predose 5.8 5.7

16 1 hr 6.1 0.3 24.9 19.2

Step 2:

Calculation of y (average x values per session) 

y (Session 1) = (-0.8+0.1+0+0.3)/4=-0.1 

y (Session 2) = (17.9+10.3+12.1+19.2)74=14.9

Step 3:

Calculation of delta (y[session 2 (drug)] -  y[session 1 (placebo)])

Delta = 14.9 -  0.1 = 14.8

Delta values were also calculated for individual subjects as well as dosing groups to 

allow study of biological variation in response rates. The calculation process is similar
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to the above except step 2 is not required. Step 3 then uses the x vales for session 1

and session 2.

Study 001, the G-CSF study did not have controls or dosage groups. Results 

from the six subjects were analysed on an individual by subtracting the predose sample 

values from the postdose values. Samples from the 6 normal donors receiving 10 ug/kg 

for 4 days in preparation for stem cell harvest for sibling allogeneic transplant were 

also analysed in this fashion. Although these values are not strictly delta values as no 

placebo group was used the term ‘delta’ is applied to allow comparison between G- 

CSF and GropT.

Pharmacodynamic parameters analysed:

Delta values were calculated and analysed for both the intravenous route (Study 

002) and subcutaneous route (Study 004) and for the G-CSF subjects where the data 

set was complete for the following parameters:

1. ANC (absolute nucleated cell count). These were enumerated at 16 time points 

and presented as the absolute number of ANC x 10̂  per litre of peripheral blood.

2. Enumeration of CD34++ cell count. These were measured at 16 time points and 

presented as the absolute number of CD34++ cells per microlitre (ul) of peripheral 

blood.

3. In vitro clonogenic assays. These are expressed as the number of colony forming 

units (CFU) per ml of peripheral blood plated. Granulocyte-macrophage (CFU- 

GM), erythroid (BFU-E) and mixed colony counts (CFU-GEMM) were combined 

and expressed as total CFU. Megakaryocyte colonies [‘CFU-Mega’ or Mega ] per 

ml of blood plated were plated independently as described in the methods section 

and calculated separately to the other colonies.

4. Neutrophil activation studies (% of neutrophils activated i.e. CDl lb+ / CD62L-)



5. Neutrophil function tests including:

(a) Percentage of neutrophils showing oxidative burst in response to bacterial uptake

(b) Percentage of neutrophils phagocytosing bacteria without undergoing oxidative 

burst

6. CD4 subset analysis -  expressed as a ratio of Thl :Th2 cells.

As well as graphing delta values for the individual parameters, delta values for 

related functions were compared including. These comparisons were chosen as they 

were biologically relevant:

1. ANCvCD34+

2. ANC V Neutrophil function (oxidative burst or bacterial uptake)

3. ANC V Neutrophil activation

4. Neutrophil function (oxidative burst or bacterial uptake) v Neutrophil activation

5. CD34+ V Clonogenics (CFU or Mega)

ANC:

ANC (absolute nucleated cell) count is the total nucleated cell count. Increases 

in ANC were attributed to neutrophils. In G-CSF treated individuals increases in white 

cell count in the peripheral blood are mostly due to neutrophils. A similar response 

would be expected from other cytokines such as Gro|3T. animal data confirms that 

increases in ANC are attributable to neutrophils (King, et al 2001). Full blood counts 

to include absolute neutrophil counts were not done on site in our laboratory as it was 

often over 4 hours before arrived. Previous work in our routine laboratory with 

samples over 4 hours showed that the neutrophil counts using Coulter technology on 

older samples were not always accurate. ANC measurements using three related assays 

in the ProCOUNT method proved a more efficient and reliable method for the purpose 

of this study. Using the ProCOUNT. method ANC results were taken fi*om a gate
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constructed to include all nucleated cells based on cell forward and side scatter (FSC / 

SSC) on flow cytometry. In all cases this figure was identical to the total nucleated cell 

count measured by staining cells with nucleic acid dye which stains all intact nucleated 

cells such as leucocytes and nucleated red bloods (NRBCs). In the healthy adult 

NRBCs are not found in the peripheral blood. ANC counts were also identical to CD45 

cell count. CD45 (Anti-HLe-1) is an antibody specific for the human leucocyte 

antigen. It is present on all leucocytes but is expressed at distinctly lower levels on 

haematopoietic progenitor cells. A CD45 PerCP antibody is used in the ProCOUNT 

method. ANC count was identical to CD45 cell count in all cases.

FBCs (full blood counts) performed at the same time points and analyzed at a 

collaborative laboratory confirmed that the increase in ANC were attributable to 

increases in neutrophils and not mononuclear cells. FBCs were performed on Coulter 

Counters which use electrical impedance technology to count cells. The theory behind 

this technique is that blood cells are poor conductors of electricity so when the cells in 

a conducting medium flow through a small aperture across which an electrical current 

is applied there is a measurable increase in the electrical impedance across the 

aperture. Red cells are lysed leaving the white cells to be counted and sized. Therefore, 

all methods, ProCOUNT using cell FSC/SSC, nucleic acid dye and CD45 PerCP 

staining and automated FBC using impedance technology concurred showing the same 

increase in absolute count. In addition it was clear from the FBC data that the increase 

in white cell count was due to increase in neutrophils. Hence changes in ANC 

(A ANC) were attributed to neutrophils. ANC data is used rather than neutrophils as 

the former data set is more complete.

In study 001 (G-CSF) [Fig 3.1.1] increases in ANC between 14.8 and 16.1 x

10̂ /1 were present at the first time point tested, 96 hrs, just prior to the third daily dose.

This level of increase in ANC was maintained until 108 hrs after the first dose (ie 12
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hrs after the fourth and final dose). ANC levels were then noted to drop back towards 

the predose levels by 120 hrs (ie 24 hrs after the last dose). Subject 5 had the highest 

increase in ANC levels, 28,3 x 10̂ /1, recorded 1 hr after the third daily dose. Higher 

rises in ANC were documented in some donors receiving Gro^T although different 

subjects and testing times were used in the two studies. The variation in response to G- 

CSF between subjects was reasonably consistent at the different time points. In the 

group of donors receiving 10 ug/kg ANC increase were generally between 20 -  40 x 

10̂ /1, However, one donor had a delta ANC value of 60 x 10̂ /1,

Intravenous infusion (Study 002) of Gro^T [Fig 3,1,2] led to increases in ANC 

observable at doses as low as 2 ug/kg, the third dose. Maximum effect ( A 14,98 x 10̂  

/I) occurred at 6 ug/kg and was maintained at this level through the higher doses. There 

was no evidence of an increase or decrease with higher doses (upto 200 ug/kg). This 

increase in ANC was observed as early as 15 minutes after injection with maximum 

effect between 45 minutes and 1,5 hr. The effect lasted upto 8 hrs.

The highest neutrophil counts observed in study 002 were in subject 31 at 26,6 

and 25,7 x 10̂ /1 in the 120 ug/kg dose group at 1 hr and 45 mins respectively. Most of 

the individual donors with the highest neutrophil counts (>22 x 10̂ /1) were in the 

groups receiving either 6 ug/kg and 120 ug/kg between 30 mins to 1 hour. However, 

due to pooling of results from the 4 donors within the dosing groups the high 

responders are not always evident from the dose response curves due to individuals 

with lower responses within the groups. This biological variation between individual 

donors within the dosing groups is reflected in the standard deviations and cv’s for the 

groups shown in table 3,1, The coefficient of variation (cv) for ANC for study 002 

was 24,85%, An example of the biological variation in response to Gro^T is illustrated 

in figure 3,1,3, at 2,5 hours after dosing subject 29 had a delta value for ANC of 17,8 x 

10̂ /1 compared with subject 32 in the same dosing group who had a delta value of 5,5
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X 10̂ /1 for the same time point. The mean for this group was 20.93, SD 4.92 and CV

23.5 %. Figure 3.1.3 also illustrates that individual donors were consistent in their 

response to GropT at various doses and time points, this finding was consistently seen 

throughout the study.

Subcutaneous administration (Study 004) showed a similar pattern to the 

intravenous route [Fig 3.1.4]. The minimum dose at which increase in ANC is noted 

was 6 ug/kg. This was the fourth dose increment and was higher than the intravenous 

route at which a rise in ANC begins at 2 ug/kg. The maximum dose response also 

occurred at a higher dose 60 ug/kg (A 16.3 x 10̂ /1) compared to the intravenous roue 

( 6 ug/kg). The temporal response was similar with an effect present from the earliest 

time point tested, 15 mins. Maximum response begins at 45 minutes and lasted upto 

2hrs. The total response duration was up to 8-10 hours.

The highest neutrophil count (31 x 10̂ /1) observed in study 004 

(subcutaneous) was in subject 25 in the 200 ug/kg dose group at the 1.5 hour time 

point. The highest neutrophil counts in this study (>25 x 10̂ /1) were recorded in 

individuals in the 60 ug/kg and 200 ug/kg dose groups. A biological variation in 

response between individuals was present for the subcutaneous route as for the 

intravenous route.
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Figure 3.1.1 -  3.1.4:

ANC response (absolute nucleated cell count) response which consists mainly of 

neutrophils, as discussed in text, to G-CSF (Fig. 3.1.1), GropT iv (study 002) [Figure 

3.1.2] and Gropx sc (study 004) [Figure 3.1.4]. Figure 3.1.3 illustrates the biological 

variation in response between individuals.

Fig 3.1.1: ANC response to G-CSF for 6 individuals, not groups of 4 subjects as for 

Gropx, for a single dose of 5 ug / kg. Time points are indicated as time from first dose. 

Four once daily doses were administered. Delta does take into account placebo effect 

as no placebo group was included in study 001.
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Fig 3.1.2: ANC response to GropT intravenously (study 002) by dose group. Time 

points are indicated on the x axis as time in hours after GroPT administration. Values 

for the dose groups are the mean of 4 individuals. Delta is a derived value as described

Study 002 (GropT) ANC - Dose response

0.2 ug/kg 
0.6 ug/kg 
2 ug/kg 
6 ug/kg 
20 ug/kg 
90 ug/kg 
120 ug/kg 
200 ug/kg

0.25 0.5 0.75 1 1.5 2 2.5 3 4 6

Time (hr) after dose
10 12 18 24

in the text to compensate for any placebo effect.

Fig 3.1.3: Illustration of the biological variation between individuals within a group o f 
4 subjects all o f whom received GrobT 90 ug/kg iv. The delta ANC response for 
subjects 29, 30, 31 ,32 is graphed over the first 4 hours.

Biological variation in ANC response between donors in 
Group 8 (90 ug/kg) Study 002 (Gr<pT iv)
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F igu re 3.1 .4: ANC response to Gro^T sc. Note that the dose schedule is similar but 
not identical to study 002.
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Table 3.1: Sample of mean, standard deviations (SD) and coefficient of variation 

(CVs) for ANC and CD34+ in three dose groups (20,90 ug/kg) in study 002 (GropT) 

for the treatment arm.

20 Predose 5.77 1.59 27.66 4.60 1.22 26.45
20 +0.25hr 11.00 2.21 20.06 6.20 0.53 8.53
20 +0.5hr 18.13 1.72 9.51 6.23 0.93 14.91
20 +0.75 20.07 3.13 15.62 8.10 2.96 36.54
20 +1.5hr 16.80 1.65 9.83 6.10 1.41 23.13
20 +10hr 7.73 1.42 18.30 6.83 3.11 45.47
20 +12hr 7.07 1.07 15.13 6.40 2.96 46.25
20 +18 6.13 0.15 2.49 8.33 1.47 17.69
20 +1hr 18.60 2.33 12.53 5.23 3.33 63.56
20 +2.5hr 14.67 2.33 15.88 6.77 1.35 19.96
20 +24hr 5.50 1.15 20.97 6.40 3.29 51.42
20 +2hr 15.37 2.08 13.55 7.00 2.52 35.94
20 +3hr 12.07 2.12 17.57 5.33 1.88 35.29
20 +4hr 10.60 2.56 24.18 5.37 1.07 19.92
20 +6hr 8.60 2.56 29.80 4.80 1.73 36.14
20 +8hr 7.73 1.48 19.19 6.03 1.03 17.01
90 0 6.53 1.66 25.44 6.85 3.36 49.07
90 +0.25hr 10.05 2.24 22.26 10.00 5.64 56.44
90 +0.5hr 19.70 3.91 19.84 12.35 7.07 57.25
90 +0.75 20.65 5.17 25.01 10.00 6.08 60.83
90 +1.5hr 18.65 4.49 24.10 10.43 6.07 58.20
90 +12hr 9.45 0.92 9.72 5.55 2.42 43.65
90 +18hr 7.55 1.44 19.12 6.38 2.40 37.63
90 +1hr 20.93 4.92 23.51 11.68 6.51 55.74
90 +2.5hr 17.03 5.27 30.95 6.25 1.89 30.20
90 +24hr 6.20 1.82 29.34 5.73 2.57 44.89
90 +2hr 17.20 3.73 21.71 7.63 2.70 35.38
90 +3hr 15.65 3.36 21.48 8.18 3.44 42.04
90 +4hr 18.00 3.82 21.24 7.23 4.76 65.91
90 +5hr 19.30 3.48 18.05 7.75 1.37 17.71
90 +6hr 16.63 3.08 18.55 6.85 1.97 28.82
90 +8hr 13.05 2.26 17.32 7.15 2.46 34.42
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CD34+:

In study 001 (G-CSF sc) [Fig. 3.2.1] increases in CD34+ cell counts between

6.5 and 53.8 cells /ul were seen at 96 hrs, the first time point tested, which was just 

prior to the third dose. Subject 1 recorded the highest increase in CD34+ cell count at

59.5 cells / ul at 108 hrs, 12 hrs after the fourth and final dose. Increase in CD34+ 

levels were maintained upto the final test at 120 hrs, 24 hrs after the final dose. There 

was a clear variation individual response to G-CSF which was consistent throughout 

the time points at which samples were tested. Subject 1 had a much higher response 

(A range 45.4 to 59.5 cells / ul) than the other 5 subjects tested whose increase in 

CD34+ cell counts were generally clustered between 10-40 cells / ul. In the group of 

normal donors receiving 10 ug/kg for 5 days the range of delta ANC was 26.1 -  122.1 

cells /ul (mean 70 cells / ul).

In contrast to G-CSF response data delta values for CD34+ cell count for 

Gropx studies do not show a clear dose effect. Clinically significant mobilisation of 

CD34+ cells (CD34+ > 20 cells/ul) was not seen at the doses used in the studies (002 

and 004). In the study protocol samples with >20 CD34-H- cells / ul of blood were to 

be tested for CD34++ subsets and LTCICs. The threshold value of 20 CD34+ cells / ul 

was not reached during the study and therefore these assays were not performed during 

the study.

In study 002 (intravenous) [Fig. 3.2.2], a modest increase in CD34+ cells was

noted with a maximum response (A 5.9 cells /ul) at 6 ug/kg dose. The effect was seen

between 0.25 hr and 2 hrs. Higher doses up to 200 ug/kg did not produce higher

values. In study 004 (subcutaneous) [Figure 3.2.3], the maximum response (A 7.61

cells / ul) occurred at 6 ug / kg. As in 002 higher doses up to 500 ug/kg did not yield

higher CD34+ cell mobilisation. However, as for ANC there were differences between

individual subjects within dose groups in their response. The mean cv for all groups in
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study 002 for CD34+ was 44%. For example in study 002 in the 90 ug/kg dose group 

at 0.5 hrs subjects 29,30,31 and 32 recorded delta values for CD34+ of +6.4, -2, +10.5 

and +1.7 cells/ul respectively. Similar individual variations in response are seen 

throughout study 002. Study 004 also shows a comparable trend in response between 

individual donors. In the 60 ug/kg dose at 2 hrs subjects 14, 18, 22 and 24 showed 

delta CD34+ values of +7.5, -3, +8.5 and +3.1 respectively. Therefore, as for ANC, 

there appears to be a variation in individual sensitivity to GropT. A sample of means, 

standard deviations and coeffiecient of variation (CVs) for study 002 is shown in table 

3.1.

98



Figure 3.2.1 — 3.2.3: CD34+ response to G-CSF (Fig. 3.1.1) and GropT iv (Study 

002) (Fig. 3.1.2) and G ro p i sc (Study 004) (Fig. 3.1.3)

Figure 3.2.1: CD34+ response to G-CSF (study 001) by subject.
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Figure 3.2.2: CD34+ response by dose group to G ropx intravenously (iv) (study 
002)
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Figure 3.2.3: CD34+ response by dose group to GropT subcutaneously (sc) (study 
004).
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Clonogenic Assays:

Clonogenic assays in the study 001 (G-CSF 5ug/kg x 4d) showed relatively 

good colony growth. There was a wide variation in results between individuals for 

example at 96.25 hrs after the first dose of G-CSF (0.25 hrs after the fourth and final 

dose) subject 6 grew 81 megakaryocyte colonies / ml of blood plated compared with 

716 CFU-Mega / ml for subject 2 9 (Fig 3.4.1). The same two subjects also exhibited 

a fourfold variation in total CFU (CFU-GM, CFU-GEMM, BFU-E) formation with 

subject 2 growing 813 colonies compared to 237 for subject 6.

Delta total CFU (CFU-GM, CFU-GEMM, BFU-E) and CFU-Mega analysis in 

studies 002 (iv) and 004 (sc) for Gro^T showed a trend towards increase in colony 

growth at 1 and 3 hours after dosing. In 002 (Fig 3.4.2) the maximum CFU effect was 

seen in the 120ug/kg dose group in the 1 hour blood sample (617 CFU/ml) while in 

004 (Fig 3.4.3) the max effect (553 CFU/ml) was present in the 6 ug/kg dose in the 3 

hr sample. Maximum CFU-Mega response (CFU-Mega 186 colonies/ ml blood 

plated) in study 002 was present at the lower dose of 60 ug/kg (fig 3.4.4). CFU-Mega 

response showed a bell shaped curve in 002 but not in 004.

101



Figures 3.4.1 -  3.4.4: Graphs o f clonogenic data.

Figure 3.4.1: Study 001 CFU-Mega data presented by subject as CFU-Mega colony 

numbers grown at 96.25, 99 and 120 hrs after the first dose.
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Figure (3.4.2): Clonogenic assay data for study 002 (GropT iv ). CFU (colony 
forming units) represents total CFU including CFU-GM (granulocyte macrophage), 
BFU-E (erythroid) and CFU-GEMM (mixed - granulocyte, erythroid, monocyte, 
macrophage) colonies. Delta values for colonies expressed as CFU/ ml o f blood plated 
are charted for 1 and 3 hours after Gro^T administration for increasing doses.
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Figure 3.4.3: Clonogenic assay data for study 004 (GropT sc ). Total CFU data 
presented as in Fig. 3.4.2.
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Figure 3.4.4: CFU-Mega response by dose group at 1 and 3 hours after GropT 

administration.
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ANC V CD34+:

In studies 002 and 004 the ANC and CD34+ dose groups response were 

compared at all time points. The delta ANC v CD34+ at 0.5 hrs graph is shown for 

study 002 (Figure 3.5.1). In general there appeared to be a directly proportional 

increase in CD34+ cell count with increase in ANC. However, as the ANC response 

was relatively higher and more predictable than the CD34+ cell response the pattern is 

not as clear as in the G-CSF group.

In study 001 (G-CSF sc) ANC and CD34+ were compared on an individual 

basis. Increases in ANC were directly proportional to increases in CD34+. However, 

the level of increase in ANC and CD34+ were not necessarily correlated. This is seen 

when subjects 1 and 5 were compared (Figure 3.5.2). Subject 1 had the lowest 

increase in ANC but the highest increase in CD34+ while subject 5 had the highest 

increase in ANC but one of the lowest increases in CD34+. A similar effect is seen in 

the group of donors receiving the higher dose of 10 ug/kg for 5 days. For example 

donor 1 in this group had a CD34+ cell count of 122 cells /ul and an ANC count of 

43.4 X 10̂ /1 while donor 3 had a CD34+ cell count of 79.6 cells/ul and an ANC cell 

count of 79.1 X 10̂ /1.
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Figure 3.5.1: Delta ANC and CD34+ cell count compared at 0.5 hrs after Gro|3T 

administration intravenously (study 002) for dose increasing groups.
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Fig. 3.5.2: Comparison of subjects 1 and 5 in study 001. The poor correlation between 

ANC and CD34+ is shown as subject 1 had a low ANC response but a high CD34+ 

response and vice versa for subject 5.
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CD34+ V Clonogenics:

The relationship between CD34+ cell count and CPUs for subjects receiving 

GropT was examined at all time points. The delta CD34+ v clonogenics at 1 hr is 

shown in Figures 3.6.1 and 3.6.2. The results were directly proportional. In addition, 

analysis was performed keeping the CD34+ time point stable and varying the 

clonogenic time point and vice-versa. This was to ascertain if the CD34++ cell 

population represented a population of progenitors that was distinct from the 

clonogenics at the same time point. The hypothesis used was that the equivalent 

clonogenic group, at the same differentiation stage with similar repopulating potential, 

was mobilised at an earlier or later stage. There was no evidence of this in this study 

group.

In study 001 there was a direct correlation between CD34+ cell count and 

clonogenic colony formation. The 96.25 hr time point for total CFU formation 

illustrates this relationship (Fig. 3.6.1). A similar pattern was seen at the other time 

points and for CFU-Mega formation.
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Figures 3.6.1-3.6.2:
Comparison of CD34+ and clonogenic responses to G-CSF and Gro^T.

Figure 3.6.1: Comparison of CD34+ and clonogenic responses to G-CSF at a fixed 

dose of 5 ug/kg. Samples are timed at 96.25 hrs after first dose (0.25 hrs after the 4* 

dose).

Study 001(G-CSF)CD34 vCFU @96.25 hrs after first dose

50

45

3
40

(A 35

8 30

S 25QO 20
(0

15oa 10

5

0

 ̂"j I1

CD34
CFU -  1000

-- 600

Subject no.

Figure 3.6.2: Comparison of CD34+ and clonogenic responses to Gro(3T iv for all 

dose groups at 0.5 hrs after administration.
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Neutrophil Activation:

Neutrophil activation was analysed for studies 001 (G-CSF x 5ug/kg), 002,

004 and for G-CSF (10 ug/kg x 4 d). There was no evidence of an increase in 

neutrophil activation with either G-CSF or GropT in any of study groups irrespective 

of dose, time or route of administration.

Neutrophil Function (Bacterial uptake and Oxidative burst):

Both bacterial uptake and oxidative burst were analysed as independent 

functions for both G-CSF and GroPT studies. G-CSF did not affect either function in a 

consistent pattern. In GropT study 002 (Figs. 3.7.1 & 3.7.2) oxidative burst was 

globally reduced by up to 27% in the dose range 0.6 ug/kg to 60 ug/kg. A recovery of 

oxidative burst was present at the higher doses (90 to 200 ug/kg). No clear pattern or 

relationship to oxidative burst was seen in bacterial uptake.

The subcutaneous route of administration (study 004) [Fig 3.8.1 & 3.8.2] again 

showed a general reduction (max -15%) in oxidative burst with no clear recovery at 

the higher doses. Bacterial uptake was unpredictable with an increase in bacterial 

uptake upto 25% present at doses 20 and 60 ug/kg. The variability in bacterial uptake 

in 002 and 004 do not allow any conclusion s to be drawn re the effect of SB-251353 

on bacterial uptake to be drawn. Study 001 did not exhibit a clear response pattern in 

neutrophil function either.

The nature of these functional assays has a high inherent variability. This is 

reflected in the large standard deviations present. However, it is noteworthy that the 

results within each dose group at the three time points is generally consistent. This is 

illustrated in Figures 9 (a,b) where individuals in group 7 (200 ug/kg) in study 004 

(GropT sc) have a wide variation in oxidative burst and bacterial uptake between
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individuals but a relatively consistent response for each individual over the time points 

assayed.
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Figures 3,7.1 — 3.7.2: Graphs showing changes in oxidative burst (Fig 3.7.1) and 
bacterial uptake (Fig 3.7.2) with dose group at 3 time points in study 002.

Figure 3.7.1: Study 002 (Gro^T iv) temporal response by dose in oxidative burst 

activity.
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Figure 3.7.2: Study 002 (Gro(3T iv) temporal response by dose in bacterial uptake.
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Figure 3.8.1 - 3.8.2: Graphs showing changes in oxidative burst (Fig 3.8.1) and 

bacterial uptake (Fig 3.8.2) with dose group at 3 time points in study 004.

Figure 3.8.1: Study 004 (Gro^T sc) temporal response by dose in oxidative burst

activity.

Study 004 PMN func (oxidative burst) - temporal response

1

ra
T3
XO
z -10

I-
g  -20

0.2 0.6 2 6 20 60 200 500

0.5 hr

Dose ug/kg

Figure 3.8.2: : Study (X)4 (Gro^T sc) temporal response by dose in bacterial uptake.
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Figures 3.9.1 - 3.9.2: Biological variation between individuals in oxidative burst 
and bacterial uptake response to Gro^T.
Delta results for percentage of cells that have undergone oxidative burst or taken up 
bacteria for individual subjects are graphed against the three time points assayed after 
dosing.
Fig 3.9.1 Individual variation in oxidative burst response to GropT 200 ug/kg sc.
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Fig 3.9.2 Individual variation in bacterial uptake response to GropT 200 ug/kg sc.
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Neutrophil Function v ANC:

Data was analysed to determine whether any possible changes in neutrophil function 

(oxidative burst and bacterial uptake) could be related to increases in ANC. Figure

3.10 demonstates correlation between changes in neutrophil function and neutrophil 

count in study 002 at the 1 hour assay point after dosing. All other time points in study 

002 and study 004 were also analysed. There does not appear to any direct relationship 

between ANC count and neutrophil function from our data.
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Figure 3.10.1 -3.10.2: Effect o f ANC on neutrophil function both oxidative burst 
and bacterial uptake at 1 hour after Gro(3T administration intravenously by dose.

Figure 3.10.1: ANC v oxidative burst.
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Figure 3.10.2: ANC v bacterial uptake.
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Thl;Th2 ratio:

The hypothesis in this arm of the study was that G-CSF and GropT induced a 

shift towards the Th2 (interleukin-4 secreting) phenotype. This might potentially 

explain the absence of the increased incidence of acute GVHD (graft versus host 

disease) that one would anticipate in transplantation with cytokine mobilised PBSCs 

rather than bone marrow given the 10-20 times more T cells in blood than bone 

marrow. An increase in Th2 cells would result in a lower ratio. If the treatment group 

had a higher increment in Th2 over the placebo or control group then the Delta values 

for Thl :Th2 ratio would be negative. In the G-CSF donor group (10 ug/kg x 4d) 5 out 

of the 6 donors had negative values ( range -1 to -12.8). In studies 002 and 004 (Fig

3.11 ) the delta values fluctuate depending on dose. Six ug/kg and 20 ug/kg doses in 

studies 002 and 004 respectively are associated with the most consistent and negative 

delta values.
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Figure 3.11.1 - 3.11.2: Thl:Th2 ratio response by time in study 002 and 004. 

Figure 3.11.1: Delta Thl;Th2 ratio by time at all doses in study 002
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Figure 3.11.2: Delta Thl:Th2 ratio by time at all doses in study 004.
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Tolerability and side effects of GropT:

There were no side effects in the 6 subjects receiving G-CSF in study 001, This 

may be due to the lower dose used than the standard mobilising dose of 10 ug/kg. Side 

effects of G-CSF in therapeutic doses are well documented. The most common side 

effects are bone pain and flu-like symptoms, both of which are easily managed by 

administration of paracetamol prior to G-CSF. GropT was generally well tolerated. In 

study 002 (39 subjects) 4 subjects had mild lumbrosacral pain (subjects 25,26,28, 3 of 

the four had pain at other sites (1 chest, 2 cervical), 1 subject had moderate 

lumbrosacral pain, 1 subject had flu-like symptoms and a transient raise in liver 

function tests. Two of the subjects with bone pain had the infusion stopped after 10 

minutes.

In study 004 (34 subjects), 1 subject was withdrawn from the study due to 

fainting on placebo. Three subjects had side-effects, all different, including nausea and 

vomiting, flu-like symptoms and diarrhoea and mild to moderate mid-line 

lumbrosacral backache. Side effects are tabulated by trial, dose, type and action taken 

in Table 3.2. All subjects were monitored for antibody formation on 5 occasions upto 

16 weeks. No subjects in either study 002 or 004 developed antibodies to GropT.
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Table 3.2: Side effects of Gro|3T listed by trial, route of administration intravenous 

(iv) or subcutaneous (sc), subject no., dose, type and action taken.

Trial Subject no. Dose Side effect Action taken

002 (iv) 25 200 ug/kg Backache Continue

002 (iv) 26 200 ug /kg Backache, sternal 

pain

Stopped,

withdrawn

002 (iv) 27 90 ug/kg Flu-like symptoms, 

raised LFTs

Continue

002 (iv) 28 90 ug/kg Backache Continue

002 (iv) 29 90 ug/kg Backache, sternal 

pain

Continue

002 (iv) 33 120 ug/kg Backache, cervical 

pain

Continue

002 (iv) 35 120 ug/kg Backache, cervical 

pain

Continue

002 (iv) 37 200 ug/kg Backache Stopped,

withdrawn

004 (sc) 27 Placebo Faint Withdrawn

004 (sc) 23 200 ug/kg Nausea & vomiting Continue

004 (sc) 29 500 ug/kg Flu-like symptoms. 

Diarrhoea

Continue

004 (sc) 30 500 ug/kg Backache Continue
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Chapter 4

Discussion
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The study represents the first use of GropT in human volunteers. Encouraging 

data from animal models, both murine and Rhesus monkey, prompted the development 

of this compound for clinical use (King, Horowitz, Dillon, Levin, Farese, MacVittie, & 

Pelus 2001), The studies 001,002 and 004 represented the first steps in this 

development process. Several parameters were studied including tolerability of drug, 

efficacy in mobilising neutrophils and PBSCs, effect on neutrophil activation and 

function, and effect on CD4 subsets ratios. In the course of the studies a large number 

of subjects were treated with both drug and placebo and tested at many time points.

For example between studies 002 and 004 a total of 2240 samples were analysed for 

both CD34 and ANC. However, as these samples were divided between placebo or 

active drug over 8 (sc) or 9 (iv) different doses at varying time points with only three 

to four subjects receiving each dose it is not possible to look for statistical significance 

for each drug dose at every specific time point. However, this was clear in designing 

the study and the objective was to look for trends and to ensure that the drug was well 

tolerated. Further development would then concentrate on studying the most effective 

doses and route of administration in conjunction with G-CSF in clinical trials.

The methodology used in analysing the data was designed to look for changes 

in the parameters over baseline values prior to drug administration while controlling 

for any placebo effect at same time point in the same subject. The mean values for the 

dosing groups were used in the calculation of delta values. This allowed comparison 

between doses and route of administration. However, as there was often quite a large 

variation in individual response to a specific drug dose this approach was not 

completely without problem. It did, however, enable the determination if they was a 

trend with increasing dose. There was clearly a biological variation in response 

between individuals. Individual subjects generally had consistent responses at various 

time points for specific doses. This was true not only for the well established
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quantification assay (ProCOUNT) for CD34 and ANC but also for the more variable 

functional assays (neutrophil function [bacterial uptake and oxidative burst] and CD4 

subsets [Thl:Th2 ratio]). The biological variation in response for CD34 and ANC 

between a subset of subjects is illustrated in table 3.1. A specific example for subjects 

29-32 in study 002 illustrating the ANC response at 0.25 to 4 hrs is shown in Figure 

3.1.3. At 0.25 hours ANC values vary from 5.5 x 10̂ /1 to 17.8 x 10̂ /1. This graph also 

shows the consistent response within individual subjects, the graphs for each subject 

are virtually parallel. Figures 3.9.1 & 3.9.2 demonstrate the same effect for oxidative 

burst and bacterial uptake.

GroPT was well tolerated at all doses both intravenously and subcutaneously. 

The side-effects encountered were predictable for a stem cell mobilizing chemokine. 

Bone pain and flu-like symptoms are similar side-effects to G-CSF. The subcutaneous 

route was better tolerated with only three subjects experiencing mild, non-significant 

side-effects. The one patient that was withdrawn in study 004 due to fainting received 

placebo. There were slightly more side-effects in study 004, again mainly flu-like 

symptoms and bone pain. Two subjects were withdrawn due to moderately severe bone 

pain. The threshold for withdrawing subjects was low as they were normal healthy 

volunteers participating in a clinical trial. As the side-effect occurred during 

intravenous administration it was easy to stop the infusion compare to subjects whom 

received the drug as a subcutaneous injection who would have carried on being 

monitored.

Such side-effects are common with G-CSF given intravenously and 

subcutaneously and are easily managed by the administration of paracetamol. Indeed 

paracetamol is used prophylacticaly in many units prior to GSCF administration. It is 

likely that a similar policy with GropT would prevent most side-effects. As studies 002 

and 004 were clinical trials determining the tolerability of GroPT in humans
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paracetamol was not administered routinely as it would have masked the observation 

of side-effects. The discovery of antibody formation in the murine studies was a 

concern, although not completely unexpected as GropT is a foreign protein to mice 

(King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). All subjects were 

checked for antibody formation on several occasions up to 16 weeks post drug 

administration. None of the subjects developed antibodies. The fact that GroPT was 

well tolerated is a positive finding as further trials are now proceeding using GropT in 

conjunction with G-CSF. Cytokines and chemokines are fi’equently poorly tolerated. 

This has been a significant limiting factor in the development of promising cytokines 

such as IL-2 for the management of leukaemia (Foa 1996), IL-8 as a PBSC mobilizing 

agent (Fibbe et al. 1999) and IL-11 in the management of chemotherapy induced 

thrombocytopenia (Kaye 1998). GropT is closely related to lL-8 as they belong to the 

same CXC chemokine family and bind to same CXCR2 chemokine receptors. Despite 

this GropT is tolerated better than lL-8.

As discussed in chapter 3 increase in ANC can be almost completely attributed 

to neutrophils. In study 001 G-CSF predictably cause an increase in ANC count. 

GroPT both intravenously and subcutaneously both cause an increase in ANC count. 

This increase was evident at relatively low doses, occurring at the third dose increment 

in the intravenous and study (2 ug/kg) and the fourth dose increment (6 ug/kg) in the 

subcutaneous study. The maximum effect occurred at 6 ug/kg intravenously and was 

maintained at this level with higher doses. The maximum effect subcutaneously was 

observed at the higher dose of 60 ug/kg. Increase in neutrophils occurred rapidly in 

both study 002 and 004 and was detected at the earliest time point tested - 15 minutes. 

The maximal response (45 mins - 2 hours ) and duration of response (8 hrs) were 

temporally similar in both studies.
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Therefore, both the intravenous and subcutaneous routes of administration 

produced a similar response in terms of response time and duration. The magnitude of 

response was also similar in both studies with a maximum delta value of 15 x 10̂ /1 in 

study 002 and 16.3 x 10̂ /1 in study 004. The only noticeable difference between the 

intravenous and subcutaneous routes of administration is that the increase in ANC 

occurred at a lower minimum and maximum dose via the intravenous route. It might 

be expected that the iv response would also fall off quicker due to a more rapid 

metabolism and binding to receptors. Hence the subcutaneous response might be 

expected to be less rapid but more sustained. The lower dose at which initial and 

maximum response occur with intravenous administration are consistent with a rapid 

rise in peak levels. The response is maintained, however, for a similar duration as 

subcutaneous administration. In contrast to man the efficacy of intravenous Gro(3T in 

the mouse was approximately one-third that of the subcutaneous route (King,

Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). The subcutaneous route of 

administration was also more efficacious in the monkey. The method of intravenous 

administration was different in the animal studies where it was given as a single bolus 

compared to a 30 minute infusion in the human trials. It is therefore, difficult to 

directly compare the responses to intravenous versus subcutaneous administration in 

man and animals.

The level of ANC increase were similar in study 001 to the GropT studies. 

Higher rises in ANC were recorded in the Gro^T trials in individual subjects than in 

study 001. The level of ANC increase in this study are comparable with published 

studies also adminitering G-CSF at a dose of 5 ug/kg (Stroncek, Jaszcz, Herr, Clay, & 

McCullough 1998). At the higher mobilising dose of G-CSF 10 ug/kg once daily for 4 

days versus study 001 dose of G-CSF of 5 ug/kg for 4 day there were noticeably higher 

increases in ANC, generally in the range of 20 - 40 x 10̂ /1. One donor had an increase
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in ANC by 60 x 10 /̂1. Therefore, the lower test dose o f G-CSF had a similar effect to 

GropT in increasing ANC. The standard mobilising dose produced a greater ANC 

response. The first ANC level was not measured for 96 hours after administration of 

G-CSF in study 001, therefore it is not possible to compare the temporal dynamics in 

response directly. Also as there is a biological variation in response to the two agents 

the comparison of data from the same group of subjects administered both agents and 

monitored at exactly the same time points would allow a more direct comparison of 

both agents.

G-CSF is a well established drug with much data available. It is known that 

after a single dose of G-CSF the neutrophil count increases in hours with a peak 

response at 12 hours and remains above baseline for 2 to 3 days (de Haas, Kerst, van 

der Schoot, Calafat, Hack, Nuijens, Roos, van Oers, & dem Borne 1994;Morstyn et al.

1988). The ANC response to GroPT occurs within minutes with a peak effect at 45 j  .  ^

minutes and remains above baseline for 8 hours. GropT, therefore, induces a more I  \  [  ,

rapid neutrophilia than G-CSF but this effect lasts only a fraction of the time the G- / /
*/* ^

CSF lasts. GroPT may be useful as a therapeutic agent in patients that require a rapid '  ,

neutrophil response. For example in SCT patients with either fungal infections or life- 

threatening neutropenic sepsis a rapid increase in neutrophils is required. Such patients 

are often transfused with buffy coat packs that are rich in donor neutrophils. The 

efficacy of such neutrophils is debatable, is short lived and is not without problems 

(Dale, Liles, & Price 1997). The rapid stimulatation o f release o f patients endogenous 

neutrophils is much more desirable. If this could be achieved by the administration of 

GropT this would be a significant advantage for the use o f GropT over G-CSF. They 

may be a logic in using both agents simultaneously with GroPT effecting a immediate 

but less sustained response and G-CSF having an effect when the GropT response is 

waning. There is evidence o f a synergistic effect of GropT over G-CSF compared to
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G-CSF alone in animals (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 

2001), In mice administration of G-CSF resulted in neutrophil counts increasing 3-4 

fold over controls. Co-administration of Gro(3T and G-CSF resulted in 25 fold 

increases in neutrophil counts after six days. In rhesus monkeys ANC levels were 3 to 

4 fold higher when GropT was used in conjunction with G-CSF than when G-CSF was 

used alone. The combination of G-CSF with another cytokine such as GM-CSF and 

stem cell factor is well established in poor-mobilisers but is not coomon practice in 

neutropenic patients (Shpall 1999;Stiff 1999),

The neutrophil response to GropT in mice and monkeys show different 

responses. It would be expected that the response in monkeys would be more 

comparable to man but this is not the case at least for neutrophil response. The effects 

of GroPT administration on neutrophil counts in mice showed a paradoxical dose 

response (King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001), In mice 

neutrophils increased maximally at the lowest dose tested (0,1 mg/kg), which is a non- 

effective stem cell mobilising dose. At stem cell mobilising doses in mice ie 2,5 

mg/kg, there was no observed increase in ANCs, In comparison, the dose response 

curves in the rhesus monkeys for mobilisation of neutrophils and CFU-GMs were 

similar. This is not the case in man as an effective PBSC mobilising dose was not 

reached by either route of administration. It may be that the PBSC mobilising dose is 

higher than the doses tested and a threshold dose was not reached. The neutrophil and 

PBSC mobilizing dose response curves may follow a similar pattern in man as in the 

mouse model, with the neutrophil mobilizing doses much lower than the PBSC 

mobilizing dose range.

The mechanism by which GropT induces a neutrophila is unclear. Evidence 

fi'om mouse studies suggests that induction of stem cell mobihsation and neutrophilia 

occur by different mechanisms (King, Horowitz, Dillon, Levin, Farese, MacVittie, &
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Pelus 2001). A neutralising antibody against MMP-9 (matrix metalloproteinase-9) 

blocked PBSC increases but had no effect on neutrophilia. Similarly the mechanism of 

G-CSF induced neutrophila and PBSC mobilization are likely to be distinct as the 

timing of the two events is distinct with neutrophilia occurring within hours while 

PBSC mobilization takes days. Evidence from the 6 normal donors studied concurs 

with this as it was not possible to predict the level of PBSC mobilisation from the level 

of neutrophila. Donors with highest increases in neutrophil count often had lower 

CD34 counts and vice-versa.

Animal data reveals a transient dip in neutrophil counts within 5 minutes of 

injection of GropT. This decrease was rapidly followed by a neutrophilia. A similar 

response is well described with G-CSF. Within 30 minutes of a single injection of G- 

CSF a period of neutropenia occurs lasting about 2 hours (de Haas, Kerst, van der 

Schoot, Calafat, Hack, Nuijens, Roos, van Oers, & dem Borne 1994;Kerst, de Haas, 

van der Schoot, Slaper-Cortenbach, Kleijer, dem Borne, & van Oers 1993). This effect 

was not seen in these studies. However, it is probable that the timing of the first blood 

samples (15 minutes) in the GroPT studies was not designed to observe this effect. 

Any possible transient neutropenia is likely to have recovered by this time. The 

mechanism of the transient neutropenia in G-CSF recipients is thought to be due to 

binding to endothelium of activated neutrophils. A temporary upregulation of 

activation markers, including CD 16 (FcyR III), CD 13, CD45, CD67 and CDl lb is 

noted 30 mins after injection of GSCF. The same mechanism may well be responsible 

for the transient neutropenia seen in mice and monkeys and probably in man if this 

effect occurs. The neutrophils mobilized by GroPT are most likely released from the 

storage pool neutrophils. This would be consistent with the rapidity of response as it is 

too soon to effect the marrow transit time of myeloid progenitors.
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Gropx did not effectively mobilize PBSCs at the doses tested by either route of 

administration. A mild increase in PBSCs was noted but this was not clinically 

significant (>20 cells/ul). Both studies showed a maximal increase in CD34 cells of 

5.9 (study 002) and 7.6 (study 004) cells /ul in the 6 ug/kg dose groups. Further 

increases in dose upto 200 ug/kg (study 002) or 500 ug/kg (study 004) did not 

produce any further increase in CD34 mobilisation. The increases in CD34 cells 

quoted are delta values and are controlled for any placebo effect. As for the other 

parameters tested there did appear to be a biological variation in response between 

individuals, with some individuals recording higher increases in CD34 values that the 

group means quoted above. But no subject reached the CD34 threshold of 20 cells / ul 

which was designated in the trial protocol for analysis of CD34 subsets and culture of 

LTCIC assays. There is no evidence from this trials that further increases in GropT 

dose would lead to significant PBSC mobilization as the maximal effect was seen at 

low doses with no trend of increasing PBSC mobilization at higher doses.

The conditions under which GroPT was administered may not have been 

conducive to PBSC mobilisation. Unlike animal models where a single injection of a 

critical dose induced significant PBSC mobilization repeat dosing in humans may be 

required. For example like G-CSF optimal PBSC mobilization may be present after 4 

consecutive days of GropT. A rapid iv bolus as given in animals may be more 

effective than a slow iv infusion as given in the human trials. However, this may be 

associated with more side-effects. The slow iv infusion was as effective as the 

subcutaneous route in causing a neutrophilia so they did not support the above 

hypothesis. In the animal models maximal PBSC mobilization was present when 

GroPT was used after 4 days of G-CSF. This approach is now being followed in 

ongoing clinical trials (study 007). It is possible that GropT causes a more effective, 

rapid and predictable mobilization of PBSCs than G-CSF alone. GroPT moblises
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PBSCs via a matrix metalloproteinase-9 (MM-9) and CXCR2 dependant pathway 

(King, Horowitz, Dillon, Levin, Farese, MacVittie, & Pelus 2001). CXCR2 knockout 

mice do not mobilize PBSC after administration of mobilizing doses of GropT. Anti- 

MM-9 antibodies also prevent PBSC mobilization. GropT via these pathways may 

more efficiently mobilize the increased numbers of haemopoietic stem cells from the 

marrow that are induced by G-CSF than G-CSF alone. The true role for this agent may 

be as a synergistic agent facilitating rapid and efficient HSC from the marrow primed 

by G-CSF.

Clonogenic assays showed a clear predictable growth effect in response to G- 

CSF in study 001. As for CD34 cells, clonogenic assays in study 002 and 004 did not 

show a trend towards increasing mobilization of CFUs with increasing GroPT dose. 

CD34 mobilisation and CFU formation were directly proportional as expected. As 

clonogenic assays are more subjective and difficult this finding supports the accuracy 

of the results in the clonogenic section of this study. Increases in ANC and CD34 were 

also proportional. It is likely that the mechanism of PBSC mobilisation is different to 

neutrophil mobilisation. The anti-MM-9 data in the mouse model supports this 

hypothesis. It is possible that the few PBSCs and CFUs that were mobilized may have 

come from the marginating pool of cells on the endothelial wall or from the splenic 

storage pool and not from the bone marrow. True mobilisation of marrow HSCs may 

not have occurred.

Neutrophil activation as measured by cells that were CD62L- / CDl lb++ were 

not significantly increased after administration of GroPT. Most of the neutrophils 

mobilized were in the resting state ie CD62L+ /CDl lb-. The mechanism of neutrophil 

mobilisation with GropT directly related to the shedding of L-selectin (CD62L) which 

binds neutrophils to endothelium. Mobilisation of neutrophils in an activated state may 

not be desirable as it may induce vasculitis or unwanted inflammation. However, this
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would be a desirable effect in patients with either acquired or congenital neutrophil 

disorders.

The effect of both Gropx on neutrophil function (oxidative burst and bacterial 

uptake) is unclear. As discussed although the functional assays used to check 

neutrophil function are generally very variable with low reproducibility the assay 

developed for this study had a high degree of reproducibility. Variability was due 

mainly due to biological variation in response between individuals. Individual subjects 

generally had a consistent response. In general the trend was one of reduction of 

oxidative burst activity. In study 004 there was a pattern of increased bacterial uptake. 

This was not seen on study 002. If there is a change in neutrophil function 

characterised by an increase in bacterial uptake coupled with a reduction in oxidative 

burst then this could a cause of concern. Intact bacteria could subsequently be released 

when neutrophils come to the end of their life cycle. Data from the neutrophil 

activation and function sections of the studies suggest that the neutrophils mobilized 

by Gro^T are in the resting state with no evidence of enhancement of neutrophil 

function. Direct comparison of ANC and neutrophil function data did not show any 

evidence of changes in neutrophil function with increases in ANC induced by GroPT.

The methodology for CD4 subset analysis was not developed until after study 

001. In the course of study 001 it was apparent that there was significant shedding of 

CD4 molecule induced by PMA and that the leu 3a antibody did not have a sufficiently 

high signahnoise ratio to compensate for this. This led to the search for an alternative 

antibody culminating in the development of the assay using the leuSaSb assay as 

described (Hennessy, North, Deru, Llewellyn-Smith, & Lowdell 2001). A subsequent 

cohort of normal donors receiving G-CSF in mobilizing doses were tested using this 

method. There was a definite trend of reduction of the Thl :Th2 ratio (ie a relative 

decrease in Thl and a relative increase in Th2 cells) after the administration of G-CSF.
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This is consistent with published data and supports the hypothesis that the polarization 

of CD4 cells towards a Th2 phenotype may explain the absence of the expected 

increase in acute GVHD in PBSC transplants (Pan, Delmonte, Jr., Jalonen, & Ferrara 

1995;Volpi, Perruccio, Tosti, Capanni, Ruggeri, Posati, A versa, Tabilio, Romani, 

Martelh, & Velardi 2001;Zeis, Uharek, Hartung, Glass, Steinmann, & Schmitz 2001). 

The effect of GropT on the Thl :Th2 ratio is dose and subject dependant. It is not 

possible to draw any conclusion from this aspect of the study as an effective PBSC 

mobilizing dose was not reached in either study 002 or 004. It would be more valid to 

conduct this assay under doses and conditions that effect a PBSC mobilization. The 

polarization of donor CD4 cells towards either phenotype under such conditions would 

be more relevant to the use of GroPT as a PBSC mobilizing agent and it’s effect on the 

incidence ogf GVHD.

Conclusion:

Under the doses and conditions used in studies 002 (GropT iv) and 004 

(GropT sc) in normal healthy male volunteers GropT does not mobilise significant 

numbers of PBSCs. There is however, a rapid induction of neutrophila after injection 

of a single dose either intravenously or subcutaneously which is present by 15 minutes, 

with a maximal effect by 45 minutes plateauing until 2 hours and with loss of effect at 

8 hours. This neutrophilia is in the range seen in subjects receiving G-CSF 5 ug/kg for 

4 consecutive days. The immunobiological effects are less certain and were dose and 

subject dependant. GroPT was well tolerated without the severe side-effects often seen 

with the administration of related chemokines and cytokines.
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Although the PBSC mobilizing potential with this agent as seen in animal 

studies was not present, it may be that the threshold dose was not reached or that 

administration over several days is required. The most effective use of this agent may 

be in conjunction with G-CSF. This is presently being evaluated in a clinical trial 

(study 007).
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Reagents / Materials
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CD34/ANC:

TruCount tubes - Store at room temperature until expiry date listed on box.

ProCount kit - (Becton Dickinson #340427)

FACSLyse - Becton Dickinson (#349202)

FACS electronic pipette (BD #34013300)

Neutrophil Activation:

Anti-CD 1 lb PE - Becton Dickinson (#347557)

Anti-CD62L FITC - Becton Dickinson (#347443)

FACSLyse - Becton Dickinson (#349202)

Neutrophil Function:

DCHF-DA - Stock at ImM in ETOH (0.5mg/ml) - store at -20°C 

indefinitely use at 10|lM by diluting as described below - Sigma (#D6883) 

Propidium iodide - 25|lM in PBS - Sima (#P4170)

Pansorbin cells (heat killed, formalin-fixed Staph Aureus) 1:10/PBS,

Store at -20°C for up to 12 months - Calbiochem, San Diego, Ca. (#507858)

CD4 cell subset (ThI vs Th2) analysis protocol:

Lymphoprep -Nyegaad, Oslo, Norway.

RPMI 1640 + (10% fetal calf serum) - Glutamax - Gibco; Paisley, UK (#61870-028) 

PMA (50ng/ml) - Sigma, Poole, UK (#P-8139).

Calcium ionophore A23187 (lOng/ml) - Sigma, Poole, UK (#C-7522).

Anti-CD3 antibodies (PerCP or PE) - Becton Dickinson {BD}, Oxford, UK 

(#345766)
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Anti-CD4 antibodies:

(A) Leu 3a FITC (BD), MT310 FITC - Dako, High Wycombe, UK (#F0766).

(B) I0T4 FITC - Immunotech, Marseille, France (#PM IM0448).

(C) v4 FITC - BD (#340422).

(D) Leu3a/3b FITC - BD (#347413).

GolgiPlug [Brefeldin A] - PharMingen/BD,Oxford (#230IKZ).

Dako Intrastain Reagents A,B - Dako, Copenhagen, Denmark (#K2311)

Anti-IFN-y PE - PharMingen/BD (#20665A).

Anti-IL4 PE - PharMingen/BD (#18655A).

Clonogenic Assays:

Semisolid Culture in Methylcellulose for Mixed Colonies (GM [granulocyte / 

macrophage] / E [erythroid]):

Kit Components (StemCell Technologies 04464):

Methylcellulose 1% in Isocove’s MDM - Methocult GF H4434 3 ml x 24 tubes 

(3 ml)

1 ml plating syringes x 30 

16 G blunt-end needle x 30 

Assay dishes x 70 

Scoring dishes x 5

25% FBS IMDM - Isocoves Modified Dulbeccos Medium -  100ml x 6

Additional Materials:

20 ml blood in PFH (preservative fi*ee heparin)

Haemocytometer

Lymphoprep -  Nycomed (Life Technologies #1053980N)
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HBSS -  Life Technologies #14175-053 

Petri dishes 140 mm (Merck #402/0088/03)

Semisolid Culture in MegaCult-C and collagen for CFU-Mk colonies:

Kit Components (Stem Cell Technologies - kit #04971)

Megacult-C serum free medium with cytokines 2ml tubes (#4901)

Collagen solution (#4902)

Double Chamber slides (#4813)

White filter cards and polylropylene membrane spacers (#4911)

Staining system containing- primary antibody: anti-GpIIb/IIIa (#4803)

-control antibody: anti-TNP (#4804)

-avidin alkaline phosphatase conjugate (#4905) 

-secondary antibody: biotin conjugated goat anti

mouse IgG (#4906)

-human serum (#4807)

-alkaline phosphatase substrate tablets -  tris 

buffer (gold foil) & naphthol (silver foil) 

(#4809)

-evans blue counter stain (#4913)

-10% bovine serum albumin (#4915)

Additional Materials:

20 ml blood in PFH (preservative free heparin)

IMDM - Isocoves Modified Dulbeccos Medium 100 ml (#07700)

1 ml syringes

16 G blunt-end needle (#28110)
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Methanol ACS (BDH#ACS531)

Acetone (Fisher #A929-4)

Tiis/HCL (Sigma #T-3253)

Lymphoprep -  Nycomed (Life Technologies #1053980N) 

HBSS (Life Technologies #14175-053)

Haemocytometer

Petri dishes 140 mm (Merck #402/0088/03)
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