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ABSTRACT

Graft versus host disease (GvHD) is a multi-step immune process involving
lymphocyte activation and proliferation. We have devised a novel method of
selectively depleting alloreactive cells from haematopoietic stem cell grafts while
retaining a pool of immunocompetent non alloreactive lymphocytes possessing anti-
viral and possibly anti-leukaemic activity and capable of hastening immune
reconstitution. This method involved identifying the alloreactive cells thought to
initiate GVHD by means of an activation marker, CD69 in an in-vitro system and
depleting these cells by paramagnetic bead sorting. The temporal dynamics of CD69
expression as well as other activation markers in an allogeneic setting was first initially
determined to determine the optimal marker and time for depletion. Using flow
cytometric analysis and cell proliferation data, the engineered graft was shown to retain
only 12% of its original alloreactivity but preserving 78% of its 3™ party reactivity.
This system has been tested on mismatched and histocompatibility matched
donor/patient pairs. A modified mixed lymphocyte cﬁlture system using cytokines has
also been studied and this has proved to be of clinical significance in predicting GvHD.
Cytokines, in particular, y-interferon was shown to upregulate various cell surface
molecules impoftant in antigen presentation and may explain in part the crucial role of
cytokines in GvHD. This depletion strategy was then tested in a NOD/SCID murine
GvHD model. This involved comparing the intraperitoneal injection of 5-10x10°
unmanipulated T cells from a CBA (H-2¥) mouse into a non-lethally irradiated (250
c¢Gy) NOD/SCID (H-287) recipient (positive control), with that of mice who received
allo-depleted cells. This allodepletion strategy protected against death from lethal
GvHD in a complete MHC mismatched setting (survival 12.5% in positive control

versus 71.4% in allo-depleted group). In parallel, by using tetrameric HLA-peptide



complexes and looking at CMV+, HLLA-A2 individuals, it has been demonstrated that
the non-alloreactive fraction using this strategy retained 90% of the specific anti-CMV
activity, suggesting that these grafts would protect from CMV reactivation. Moreover,
the alloreactive cells are easily recoverable in this selective T-cell depletion strategy for
cryopreservation and ready for immediate access as therapeutic donor lymphocyte

infusions in cases of frank relapse post-transplant.



TABLE OF CONTENTS:

ABSTRACT

CONTENTS
TABLE OF FIGURES: 12
LIST OF TABLES: 14
ABBREVIATIONS: 15
ACKNOWLEDGEMENTS: 18

CONTENTS:

1. Chapter 1. Main Introduction: 20
1.1 The scientific basis for allogeneic BMT: 22
1.1.1 Chemotherapy vs transplantation: 22
1.1.2 Immune basis for cure by alloBMT 22
1.2 Graft versus host disease: 24
1.2.1 Incidence and characteristics: 24
1.2.2 Phase 1 “cytokine storm” and recipient conditioning: 26
1.2.3 Phase 2 “donor T cell activation”: 27
1.2.4 Phase 3: “Inflammatory effectors”: 29
1.2.5 GvHD and infection: 32
1.2.6 Organ distribution of GvHD: 33
1.2.7 Major histocompatibility matching: 33
1.2.8 Minor histocompatibility antigens: 35
1.2.9 Peripheral blood stem cell transplants and the risk of GvHD: 37
1.2.10 Predictive tools for GVHD: 38
1.3 Graft versus leukaemia: 40
1.3.1 GvH and GvL as separable phenomena: 40
1.3.2 Leukaemia target antigens in GvL: 41
1.3.3 GvL cellular effectors: 42




1.3.4 GvL effector cytolytic pathways:

46

1.3.5 Factors influencing GvL reactivity: 47
1.4 T cell depletion: 47
1.4.1 pros and cons: 47
1.4.2 Techniques of T cell depletion: 49
1.4.3 Immune reconstitution post BMT: 53
1.4.4 Infective complications post allografting: 54
1.4.5 CMV disease post transplant: 56
1.4.6 EBYV infection post transplant: 58
1.4.7 Graft rejection: 60
1.4.8 Leukaemic relapse: 61
1.4.9 T cell addback and adoptive immunotherapy: 62
1.5 The T cell response: Alloreactivity, activation, signal transduction: 64
1.5.1 Allorecognition leading to alloreactivity: 64
1.5.2 “NK cell alloreactivity”: 66
1.5.3 T cell activation and signalling pathways: 67
1.5.4 Activation marker CD69: 69
1.5.5 Structure of CD69: 71
1.5.6 Function of CD69: 72
1.5.7 Activation marker OX40 (CD134) 74
1.5.8 CD25: 75
1.5.9 HLA-DR: 76
1.6 Aims of the thesis: 77
Chapter 2. Materials and Methods 78
2.1 General cell culture work 78
2.1.1 Isolation of human peripheral blood mononuclear cells (PBMCs) and bone marrow cells:_78
2.1.2 Cryopreservation of cells and subsequent thawing: 79
2.1.3 Culture of cells in suspension: 79
2.1.4 Generation of PHA blasts: 80
2.1.5 Gamma-irradiation: 80




2.1.6 Proliferative assays: 80

2.1.7 PKH26 labelling of stimulator cells: 81

2.1.8 PKH26 labelled alloantigen stimulation of lymphoid cells in an MLC to examine the

temporal dynamics of CD69 expression: 82

2.1.9 Antibody staining protocol for flow cytometric analysis: 83

2.1.10 Comparison of PKH26 labelled stimulators versus irradiated stimulators in an MLC: ___84
2.1.11 Comparison of the temporal dynamics of activation markers CD69, CD25,0X40 and HLA-

DR in a one way MLC: 85

2.2 HLA-mismatched & matched in vitro study on the selective depletion of alloreactive

lymphocytes: 86
2.2.1 Patients and subjects: 86
2.2.2 HLA typing: 86
2.2.3 HLA-mismatched study: 86
2.2.4 Magnetic bead sorting: 87
2.2.5 HLA-matched pair study: 90

2.2.5.1 Modified MLC: 90
2.2.5.2 Modified proliferation assays: 90
2.2.6 Cell recovery, purity and depletion efficiency: 91
2.2.7 Immunophenotyping for the in-vitro selective depletion study: 92
2.2.8 Depletion of alloreactive cells using Dynabeads: 92

2.3 A study on the effect of inflammatory cytokines of the “cytokine storm” on

expression of molecules involved in allorecognition 93
2.3.1 Samples and subjects: 93
2.3.2 Cytokine combinations used: 94
2.3.3 Antibody combinations used and immunophenotyping protocol: 95
2.3.4 Flow cytometric analysis using Lysis II software for cytokine study: 95

2.4 Statistical tests of significance: 97

3. Chapter 3. Temporal dynamics of CD69 and other activation markers with

alloantigen stimulation 98



3.1 Introduction:

98

3.2 RESULTS:

3.2.1 Baseline Expression of CD69, CD25, 0X40 AND HLA-DR on resting PBMCs

3.2.2 Rationale for using PKH26 labelled stimulators:

100

100

102

3.2.3 Results of temporal dynamics of CD69 expression in a one way MLC using PKH26 labelled

stimulators:

104

3.2.4 Analysis of CD69 expression in various lymphocyte subsets

107

111

3.2.5 PKH26 does not alter the allostimulatory capacity of the MLC

3.2.6 Temporal dynamics of activation marker CD25 in a one way MLC

112

115

3.2.7 Temporal dynamics of activation marker OX40 in a one way MLC

3.2.8 Temporal dynamics of activation marker HLLA-DR in a one way MLC

117

3.3 Discussion:

4. Chapter 4. Allodepletion with CD69: in vitro studies

4.1 Introduction:

4.2 Results of selective depletion in HLA-mismatched individuals:

4.2.1 Setting up the protocol for the HLA-mismatched study:

119

127

127

128

128

4.2.2 CD69 expression in HLA-mismatched pairs in 1° and 2° MLC:

130

4.2.3 Selective depletion in HLA-mismatched pairs:

131

4.2.4 Two different methods of immunomagnetic separation:

131

4.2.5 Depletion of CD69+ alloreactive cells preserves both CD4 and CD8 subsets

4.3 Results of selective depletion in HLA-matched individuals:

4.3.1 Setting up the protocol for the HLA-matched study:

135

136

136

4.3.2 Modified MLC:

138

4.3.3 Effect of cytokines on CD69 expression after HLA-matched MLC:

139

4.3.4 PHA blasts as stimulators:

143

4.3.5 Depletion efficiency, cellular recovery and cell purity:

144

4.3.6 Selective depletion of alloreactive cells in matched pairs:

144

4.3.7 Preservation of 3rd party response:

147

4.3.8 Association with clinical GVHD:

147




4.4 Discussion: 149

4.4.1 Other all-depletion strategies: 151

5. Chapter 5. Cytokines and their effects on allorecognition by lymphocytes. ____157

5.1 Introduction: 157
5.2 Results of the effect of cytokines on CD3+ T cells: 160
5.2.1 Cytokines and class I expression on CD3+ T cells: 160
5.2.2 Cytokines and class II expression on CD3+ T cells: 160
5.2.3 Cytokines and CD54 (ICAM-1) expression on CD3+ T cells: 162
5.2.4 Cytokines and CD11a (LFA-1) expression on CD3+ T cells: 162
5.2.5 Cytokines and CD80/86 (B7.1/2) expression on CD3+ T cells: 164
5.2.6 Cytokines and CD49d (VLA-4) expression on CD3+ T cells: 164
5.3 Results of the effect of cytokines on monocytes: 164
5.3.1 Cytokines and class I expression on monocytes: 164
5.3.2 Cytokines and class II expression on monocytes: 166
5.3.3 Cytokines and CD54 (ICAM-1) expression on monocytes: 166
5.3.4 Cytokines and CD11a (LFA-1) expression on monocytes: 168
5.3.5 Cytokines and CD80/86 (B7.1/7.2) expression on monocytes: 168
5.3.6 Cytokines and CD49d (VLA-4) expression on monocytes: 169
5.4 Results of the effect of cytokines on B cells: 172

5.4.1 Cytokines and the regulation of MHC, costimulatory and adhesion molecules on B cells: 172

5.5 Discussion: 176

6. Chapter 6. Retention of anti-CMYV and anti-EBYV reactivity in the allodepleted

graft 181
6.1 Introduction: 181
6.2 MATERIALS AND METHODS: 183

6.2.1 Samples and subjects: 183
6.2.2 CMV proteins and peptides: 183
6.2.3 Protocol for testing anti-viral activity: 184




6.2.4 EBV proteins and peptides: 185

6.2.5 CMYV tetrameric MHC-peptide complexes: 185
6.2.6 Detection of CTLs bound to tetramers using flow cytometric analysis: 187
6.2.7 ELISPOT assay for detection of specific anti-CMV and anti-EBV activity: 188
6.3 Results: 192
6.3.1 Donor selection: 192
6.3.2 Results for baseline anti- CMV reactivity: 192
6.3.3 Results for the retention of anti-CMV reactivity 194
6.3.4 Results for the retention of anti-EBV reactivity: 202

7. Chapter 7. Testing the CD69 allodepletion strategy in a NOD/SCID murine

GvHD model 209
7.1 Introduction: 209
7.1.1 The SCID mouse: 209

7.1.2 The NOD/SCID mouse: 211

7.1.3 Reports of GVHD in SCID and NOD/SCID mice: 212

7.1.4 Role of irradiation in GVvHD in SCID and NOD/SCID mice: 214

7.1.5 Effect of the route of administration of donor cells on GvHD in SCID and NOD/SCID mice:

216

7.1.6 The SCID mouse in allogeneic GVHD prevention strategies: 217
7.2 Materials and methods: 219
7.2.1 Mice strains used and the MHC systems: 219
7.2.2 Housing and husbandry of animals: 220
7.2.3 Harvesting of splenocytes: 221
7.2.4 Culture media used: 222
7.2.5 Setting up of the NOD/SCID allogeneic GVHD model: 223
7.2.6 Murine CD69 allodepletion strategy: 223
7.2.77 Paramagnetic bead (MACS) sorting: 225
7.2.8 Intraperitoneal injections for the administration of cells: 225
7.2.9 Intravenous injections: 225
7.2.10 Tail vein sampling: 226

10



7.2.11 Cardiac puncture:

226

7.2.12 Assay of engraftment:

227

7.2.13 Assessment of animals and the end point of experiment:

227

7.2.14 Assessment of animals for signs of GvHD:

228

228

7.2.15 Monoclonal antibodies and flow cytometry:

7.2.16 Histopathologic examination:

229

7.2.17 Statistical analysis:

230

7.3 Results:

7.3.1 Setting up the NOD/SCID GvHD model- role of irradiation:

231

231

7.3.2 Setting up the NOD/SCID GvHD model- effect of the route of administration

7.3.3 Investigating the effect of varying cell dose and histocompatibility differences:

7.3.4 Clinical features and organ distribution of GvHD:

233

233

236

7.3.5 Results of GvHD prevention with the CD69 allodepletion strategy:

241

7.3.6 Exclusion of possible confounding factors in the allodepletion strategy:

7.3.7 Results of engraftment studies::

247

250

7.4 Discussion:

8. Chapter 8. Final discussion and future studies.

8.1 Clinical application of the CD69 allodepletion strategy:

8.2 Future studies regarding the CD69 allodepletion strategy.

8.3 Advances and new perspectives in GVHD prevention strategies.

8.3.1 Targeting phase 1: recipient conditioning

255

258

258

262

264

264

8.3.2 Targeting phase 2: donor T cell activation

266

8.3.3 Targeting phase 3: Inflammatory effector mechanisms

270

8.3.4 T cell addback and DLIs.

270

8.4 Harnessing the immunotherapeutic potential of the GvL effect

8.5 Concluding remarks

Bibliography

Publications:

11

273

276

277

318



TABLE OF FIGURES:

Figure 1.1 Cytokine cascades and the 3 phases of acute GVHD:.......c..occovininiininniincnncnncne. 26
Figure 1.2 Direct pathway of alloreCognition.............cucevvminiiniiinienicnie e 65
Figure 1.3 Signalling pathways following T cell activation..........ccccoccvcereervurvivcineerecrvcnnnne. 69
Figure 1.4 CD69 mediated interactions in a variety of haematopoietic cellS.........ccocveeervuunnee. 73

Figure 2.1 Separation and selective removal of CD69+ alloreactive cells using the MACS
“AS” depletion COIUMMS........coviuieitiniiiiiieiiit ittt errerercntesresterceseesaesseesasssersees 89

Figure 3.1 Flow cytometric dot plots (FSC vs SSC) of responder PBMCs plus irradiated

stimulator PBMCs in a one way MLC at time 0 and 72 hours...... .ccccccecceniereeeceenverceennenne 103
Figure 3.2 Resolution of responders from stimulators in a MLC with PKH labelling............ 105
Figure 3.3 Temporal expression of CD69 in lymphocytes after allogeneic stimulation.......... 108
Figure 3.4 Temporal expression of CD69 in CD3+ cells after allogeneic stimulation ........... 108
Figure 3.5 Skewing of the responder cell population over time in the MLC:.............coveuneen. 109
Figure 3.6 Temporal expression of CD69 in CD4/8 cells after allogeneic stimulation........... 110
Figure 3.7 Temporal expression of CD69 in CD56+ cells after allogeneic stimulation ......... 110
Figure 3.8 CD25 expression in lymphocytes with alloantigen stimulation ...........c.cccceeveeenne, 114
Figure 3.9 OX40 expression in T cells with alloantigen stimulation in an MLC.................... 116
Figure 3.10 HLA-DR expression in T cells with alloantigen stimulation in an MLC ............ 118
Figure 4.1 Experimental protocol for selective depletion of mismatched pairs:..................... 129
Figure 4.2 Residual alloantigen response post depletion in HLA-mismatched pairs.............. 133
Figure 4.3 Comparison of MACs versus Dynal bead sorting for CD69+ cells...................... 134
Figure 4.4 The allodepleted graft contains both CD4+ and CD8+ T cells.........coccrvvvinuvirnens 135
Figure 4.5 Flow diagram for the experimental protocol in HLA-matched pairs..................... 137
Figure 4.6 Non specific upregulation of CD69 by PHA in autologous controls..................... 143
Figure 4.7 Residual alloantigen proliferative response to HLA identical stimulator cells in the

modified MLC after removal of CD69+ responder Cells..... .....cccooviririnviiniensirnncnceeneen. 148
Figure 5.1 Effect of cytokines on the density of expression of Class I on T cells. ................. 161
Figure 5.2 Effect of cytokines on the density of expression of Class I on monocytes. ........... 165
Figure 5.3 Effect of cytokines on the density of expression of CD49d on monocytes. .......... 171
Figure 6.1 Schematic representation of a MHC-peptide tetrameric complex............ccovevunnee 186
Figure 6.2 ELISPOT assay-counting the spots using the NIH Image software:..................... 191
Figure 6.3 Efficiency of depletion of alloreactive cells using the MACS device................... 195
Figure 6.4 Specificity of the tetramer assay: non-binding negative control ..........c..ccceeeueen.e. 197

Figure 6.5 Flow cytometric analysis of tetramer binding with fresh PBMCs from an HLA-A2+
Figure 6.6 Retention of anti-CMYV activity after CD69 allodepletion: ............ccccecvveeenrveeennnes 199

12



Figure 6.7 Using the ELISPOT assay to assess retention of specific anti-CMV activity........ 201
Figure 6.8 ELISPOT assay for the frequency of EBV-reactive CTLS to EBNA3A derived
peptide SVRDRLARL.......c.coeiiiii et cecrerceeeeseesereceeeeneeseessnenne 202

Figure 7.2 Weight chart comparing unirradiated NOD/SCID mice receiving MHC-mismatched
CBA splenocytes, sublethally irradiated (250cGy) mice receiving PBS alone and irradiated
mice receiving mismatched SplenoCYLes.........ocovvvvuiiiiiiiiiniiiiiiniiint cicnienicnsirieeseesieeens 232
Figure 7.3 Investigating the effect of varying cell dose and MHC histoincompatibility on the
tempo of GVHD in NOD/SCID recipient mMiCe............ccvuenirieriiniernnnninneceeeneseeseesuensense 239
Figure 7.4 Fibrotic, scaly skin changes developing in NOD/SCID mice receiving partially

mismatched donor splenocytes (BALB/C).......ovvvvvevniniiiiiiiiiiie eeeieicecerceeseceseeneeen 238
Figure 7.5 Caecum from a NOD/SCID mouse with acute GVHD .........cc.ccoeeeveinreinvveennnrennnns 239
Figure 7.6 Section of the large intestine from a NOD/SCID mouse with acute GvHD .......... 239
Figure 7.7 Section of the liver from a NOD/SCID mouse with acute GVHD......................... 240
Figure 7.8 Section of the large intestine from a NOD/SCID mouse with acute GvHD .......... 240

Figure 7.9 Protocol for the murine CD69 allodepletion strategy in a complete MHC
mismatched MOAEL .........oiviniiiiiiii e e ceeertaeeees 242
Figure 7.10 Selective depletion of CD69+ cells and its effect on the survival of NOD/SCID
(=001 L 11 (oS PP 246

Figure 7.11 Effect of in-vitro culture conditions and administration of CD69+ cells on the

survival of recipient NOD/SCID MiCE.......covvtiviiririnreeneerniierrieennieeerenieesecsnnesssssensenss 249
Figure 7.12 Mice receiving allodepleted cells show engraftment of CD4+ T cells in the
Peripheral BIOOd ......c.cvvriiniiiiii i r s e ee e e ee e seressrerneesnreeessnnnees 0 2D
Figure 7.13 Mice receiving unmanipulated cells show engraftment of T cells in the peripheral
DlOOM. ... ittt et ba e sene e 2O D

Figure 7.14 Temporal dynamics of CD69 expression in a murine MLC between complete
MHC-mismatChed PaiTS........coovirriiieieeiieiariiirerieieteneevertesrensreeeesisesssassseossnsssasssneers 204
Figure 8.1 Flow diagram illustrating the intended clinical application of the CD69 allo-
01530 (21 0] 1016 (AT o1 |

13



LIST OF TABLES:

Table 1.1: candidate target antigens involved in GVL..........coccevviiiiinniiciienninecciinnecccceeeen 42
Table 1.2: Properties of GvL effector cell populations ............ccvvvevueireeciicrciiinnieniiininenniecoeennnes 46
Table 1.3: Stimuli for induction of CD69 in different Cell types.........ccevvvverrriveeeireerrirernvvnersrena 71
Table 2.1: Cytokine combinations and concentrations used for the experiment....................... 94

Table 2.2: Antibody combinations used to study the change in expression of MHC,

costimulatory and adhesion molecules with cytokines: .......c.ccocceverievcncinircnniiiinincvccennennenne 95
Table 3.1 Expression of CD69, CD25, HLA-DR and OX-40 in control autologous cultures. 101
Table 4.1: CD69 expression (% of total responder MNC fraction) in primary MLC .............. 132
Table 4.2:Residual CD69 expression (% of total responder MNC fraction) in 2° MLC.......... 132
Table 4.3: *H-thymidine incorporation in cytokine based primary modified MLCs............... 140
Table 4.4: CD69 expression in primary MLCs expressed as (% total of responder MNC

i v e (o) 1) F U S - ¥.)
Table 4.5: CD69 expression in fractions pre- and post-SOrting ..........ecceeveervervveevrensveeeene 145
Table 4.6: *H-thymidine incorporation in secondary MLCs after removal of CD69+ cells...... 146
Table 4.7 Use of the cytokine based modified MLC to predict clinical GVHD...................... 148

Table 5.1 Effect of cytokines on CD54 (ICAM-1) expression on T cells as measured by median
fluorescent intensity (MFI) and percentage of T cells that were positive.........ccecvervvverieennns 163

Table 5.2 Effect of cytokines on the density of expression on class II, CD54 and CD11a

expression on monocytes as measured by median fluorescent intensity (MFI). ...................... 167
Table 5.3 Cytokines and the regulation of CD80 and CD86 expression on monocytes.......... 170
Table 5.4 Cytokines and its effect on Class I and CD54 expression in B cells....................... 173
Table 5.5 A comparison of the density of expression of Class I and II molecules in.............. 175
T cells, B cells and monocytes with and without Cytokines. ...........cc.coccevuvvmrvvevevcvencrecnennn. 175
Table 6.1 Donor selection for CMV+ or EBV+ HLA-A2 individuals for the study............... 193
Table 6.2 Specific anti-CMV reactivity as measured by tetramer binding and the ELISPOT

ASSAY - e eeeteeent et et ettt e e et et ra e rae setesereeeseeesesneesnnessseeesaressancessneeseneessrnesesee 194
Table 6.3 Results of ELISPOT assay to determine retention of anti-CMYV activity ............... 200

14



ABBREVIATIONS:

v-IFN
2ME
*H-thymidine
AIM
ALL
AML
APB
APCs
ATG
BMT
BSA
CD
CD40L
CIK
CM
CML
CMV
CNS
cpm
CR
CTLA4-Ig
CTLp
CTLs
DAG
DLIs
DMEM
DMSO
DSBR
DSCA
EAE
EBMT
EBNA
EBV
ELISA
ELISPOT
FACS
fas-L
FCS
FITC
FSC
GCSF
GM-CSF
GvHD
GVHR
GvL
GvT

gamma-interferon
2-Mercapto-ethanol

Tritiated thymidine

activation inducer molecule

acute lymphoblastic leukaemia
acute myeloid leukaemia

alkaline phosphate buffer

antigen presenting cells

anti thymocyte globulin

bone marrow transplantation

bovine serum albumin

cluster of differentiation

CD40 ligand

cytokine induced killer

complete medium

chronic myeloid leukaemia
Cytomegalovirus

central nervous system

counts per minute

complete remission

cytotoxic lymphocyte antigen-4
cytotoxic T lymphocyte precursor
cytotoxic lymphocytes

1,2 diacylglycerol

donor leukocyte infusions
Dulbecco’s modified eagles medium
dimethylsulphoxide

double-strand break repair

double strand conformation analysis
experimental allergic encephalomyelitis
European Blood and Marrow Transplantation
Epstein Barr Nuclear antigens
Epstein Barr virus

enzyme linked immunosorbent assay
enzyme linked immunospot assay
fluorescent activated cell sorting
fas-ligand

foetal calf serum

fluorescein isothiocyanate

forward angle light scatter
granulocyte colony stimulating factor

granulocyte-macrophage colony stimulating factor

graft versus host disease
graft versus host reaction
graft versus leukaemia
graft versus tumour

15



HBSS
HHV6
HLA
HPA-3
HTLp
i/p

ilv
IBMTR
ICAM-1
IL
IL-2R
IP; inositol
ITAM
KIRs
LAK
LDA
LFA-1
LMP
LPS
mAb
MACS
MFI
mHags
MHC
MIP-10
MLC
mMLC
NaHCO;
NF-AT
NK

NO
NOD
PBMCs
PBS
PBSCT
PBST
PE
PerCp
PHA
PMA
PTLD
PWM
RFLP
RPMI

RRI
s.d.
SBA
SCID
SI
SSC

Hanks buffered saline solution

human herpes virus 6

human leukocyte antigen

human platelet antigen-3

helper T-lymphocyte precursor
intra-peritoneal

intravenous

International Bone Marrow Transplant Registry
intracellular adhesion molecule-1
Interleukin

IL-2 receptor

1,4,5-triphosphate

immunoreceptor tyrosine based activation motif
killer inhibitory receptors

lymphokine activated killer

limiting dilution assay

lymphocyte function associated antigen-1
latent membrane proteins
lipopolysaccharide

monoclonal antibodies

magnetic cell sorting

median logarithmic fluorescent intensity
minor histocompatibility antigens

major histocompatibility complex
macrophage inhibitory protein-1o

mixed lymphocyte culture

modified MLC

sodium bicarbonate

nuclear factor of activated T cells

natural killer

nitric oxide

non obese diabetic

peripheral blood mononuclear cells
phosphate buffered saline

peripheral blood progenitor stem cell transplantation
PBS + 0.1% Tween20

phycoerythrin

peridinin chlorophyll protein
phytohaemagglutinin
phorbol-12-myristate-13-acetate

post transplant lymphoproliferative disease
pokeweed mitogen

restriction fragment length polymorphism sequence
Roswell Park Memorial Institute hydrogen-carbonate-
buffered medium

relative response index

standard deviation

soybean lectin agglutination

severe combined immunodeficiency disease
stimulation index

side angle light scatter

16



SSCP
SSOP
SSP
TBI
TBST
Tc
TCD
TCR
Th
TNF-a
TNFR
URSTO
VCAM
WT-1

single strand conformation polymorphism
sequence specific oligonucleotide probing
sequence specific primers

total body irradiation

TBS + 0.05% Tween20

cytotoxic T

T cell depletion

T cell receptor

T-helper

tumour necrosis factor-alpha

tumour necrosis factor receptor

universal recombinant site targeting oligonucleotide
vascular cell adhesion molecule-1

Wilm’s tumour gene encoded transcription factor

17



ACKNOWLEDGEMENTS:

I would like to express my most sincere and heartfelt gratitude to Professor Grant
Prentice for granting me the long cherished wish to pursue a PhD and providing me
with the opportunity of working and learning under his expert guidance. His input and

critical comments in the writing of this thesis has also been invaluable.

Special thanks also to Dr. Mark Lowdell, my principal supervisor for taking me under
his wings, maintaining his belief in me and teaching a medic the ways of science. I am
grateful to him for all his guidance and suggestions throughout my time spent in the lab
and in the reading of my thesis, but especially for his trust in allowing me the freedom

to work, not least the slightly unorthodox hours that I tend to keep!

I owe a debt of gratitude also to Dr. Nandita Ray who so kindly eased me gently into
the rigors of laboratory work and who always swore by the twin pillars of sterility and
fastidious tidiness of the lab environment! Thanks also to Professor Alejandro
Madrigal who has always been around for helpful advice and interest in my work. I am
also extremely grateful to Dr. Paul Travers for all the invaluable discussions we have
had and providing me with an understanding of mouse immunology so central to this
thesis. His consuming interest in immunology has helped fuelled mine as well. Special
mention must go to Maggie Corbo who was invaluable. The murine work would not
have been possible without her dedication and her expert care. Acknowledgement is
also given to Professor Finbarr Cotter for giving me the opportunity to collaborate on a
very stimulating and satisfying project. Other staff that have helped me enormously

with the murine work include Buki at the Institute of Child Health and all the

18



technicians of the CBU unit at the Royal Free, especially Duncan Moore and Mario.

D’Souza.

I am also indebted to all my other collaborators who have been instrumental in this
project and the expertise and knowledge they provided. Thanks to Professor Peter
Revell and Dr. Melari Morgan for helping me with the histopathological specimens;
Tom Maclnnes for preparing the specimens; Francis Moll and Peter Bates for all their
superb photographs and shides, and their patience even when the request was invariably
last minute. Special thanks to Geraldine Aubert for her collaboration on the tetrameric
complexes as well as to Carles Morte, Fred Chen and Tony Dodi for all their assistance.
I am also indebted to Dr. Mark Peakman and Dr. Philip Beales for granting me access
to their material. Mention must also go to Dr. Robert Anderson for helpful comments,

and coping with my impatience with the computer while trying to write the thesis.

As this was a clinically orientated project, the help of the Bone Marrow Transplant
team (clinicians and nurses) in providing clinical samples was much appreciated with

special mention given to Linda Fletcher, Sarah Grace and Janet North.

I am of course extremely grateful to the Leukaemia Research Fund and especially Dr.
David Grant both for their support but also their encouragement and belief in the

project.

And to all my friends who have been so understanding at my various moments of

manic crisis, to Pani Theocharous for support and empathy and to Meena for teaching

me the pleasures of serenity. And to M. S........for inspiring.

19



1. Chapter 1. Main Introduction:

Initial sporadic attempts to harness the potential benefits of allogeneic bone marrow
transplantation (BMT) were followed by rapidly expanding use in the treatment of
acute leukaemias. Early efforts were directed towards those refractory to conventional
chemotherapy. The prognosis and survival of acute leukaemias then in the 1950s was
dismal and a search for better survival with other forms of therapy was required. Vast
improvements have occurred since then and allogeneic BMT is now used to treat a
wide range of diseases. The main indications are still haematological malignancies
(chronic and acute myeloid leukaemia in particular, acute lymphoblastic leukaemia,
lymphomas, multiple myeloma); others include myelodysplastic syndromes, aplastic
anaemia and benign disorders such as immune deficiencies and inherited metabolic
disorders. Data collated by the International Bone Marrow Transplant Registry
(IBMTR) shows a sharp increase in the number of allogeneic transplants since the

1980s with an estimated 17000 allotransplants performed in 1997.

Allogeneic transplantation however is still associated with a substantial array of
potentially life threatening complications. The major risks include: 1) the acute and
late toxicity attributable to the intense “myeloablative” chemotherapy and radiotherapy
containing conditioning regimens, 2) graft rejection, 3) graft versus host disease
(GvHD), 4) life threatening infective complications resulting from poor immune
reconstitution and 5) disease relapse. Improvements in the conditioning regimens and
supportive care have considerably reduced morbidity and mortality and the issue of

gentler, “non-myeloablative” conditioning regimens is being actively investigated.
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Graft rejection is uncommon in a matched related unmanipulated transplants (Anasetti
et al 1989). GvHD, infection and relapse however remain major obstacles to a

successful transplant outcome.

A further issue is donor availability. It has been estimated that only 30% of patients
undergoing allogeneic stem cell transplantation have a genotypically matched sibling
(Madrigal et al. 1997). Even with the substantial volunteer registries, the probability of
finding a phenotypically matched donor remains less than 70% in the Caucasian
population. One solution to this problem of limited availability of matched donors is
the used of mismatched donors. At present, mismatched donor transplants however
carry a higher risk of morbidity and mortality largely due to a higher incidence of graft

versus host disease and delayed immune reconstitution.

Clearly, for allogeneic transplantation to be made safer and applicable to a broader
range of diseases by the use of a wider pool of donors to be made available, the twin
issues of GVHD and immune reconstitution need to be addressed since these account
for the most common causes of peri-transplant mortality. This is especially salient
when considering allogeneic transplantation for other less immediately “life-
threatening” diseases such as sickle cell disease. The benefits and safety of

transplantation must clearly outweigh the risks involved.

Clinically severe GVHD still occurs despite post transplant immunosuppression. Pan T
cell depletion is extremely effective in preventing GvHD but leads to an increased
incidence of graft rejection, delayed immune recovery and leukaemic relapse in
malignant disease, implying a crucial role of T cells in these processes (Horowit5 et al

1990). Besides being involved in the graft versus host (GvH) reaction, they are both
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the initiators of the beneficial graft versus leukaemia (GvL) effect and the principal
mediators in providing immunity from infection. A successful strategy for GvHD
prevention will need to dissect the complex role T cells play in these processes which

can be beneficial or deleterious to the outcome of transplantation.

1.1 _The scientific basis for allogeneic BMT:

1.1.1 Chemotherapy vs transplantation:

The field of clinical allogeneic bone marrow transplantation has expanded
exponentially since the first reports of its success in the treatment of acute leukaemia.
(Thomas et al. 1959). The mainstay of treatment of the acute leukaemias h:sb:\:/\ith
chemotherapy consists of a combination of different cytotoxic agents (combination
chemotherapy) often given in cycles to achieve the maximum log kill of leukaemia
cells. Initially, it was thought that the purpose of an allogeneic BMT was to allow for
more intensive and “myeloablative” doses of chemotherapy/radiotherapy to be given,
with the transplant procedure providing the stem cell rescue for haematopoeitic
recovery (Thomas et al. 1975a). This seemed consistent with the fact that patients with
leukaemia, which proved refractory to standard doses of chemotherapy achieved

remission following “myeloablative” conditioning that included total body irradiation

(TBI) (Thomas et al. 1975b)

1.1.2 Immune basis for cure by alloBMT

Allogeneic BMT as a form of immunotherapy was first perceived by the Harwell group

of scientists (Barnes & Loutit 1957). However, it was only when excessive relapse
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rates were encountered following T cell depleted allografts that it was fully appreciated
how much the anti-leukaemic effect of the transplant procedure was due to an
immunologically mediated GvL effect (Apperley et al. 1986). When a retrospective
analysis of allogeneic BMT was performed (Horowitz et al. 1990), it was found that for
a comparable cohort of patients with the same disease, the probability of relapse was
lower for patients receiving an allogeneic marrow compared to a syngeneic marrow.
This was despite the fact, that in both situations, the “myeloablative” conditioning
regimens used were similar. The only difference between these comparable cohorts
were the difference in the origins of the donor marrow: matched sibling vs identical
twin. This implied that something in an allogeneic graft in contrast to a syngeneic graft

was responsible for the significant decrease in relapse risk.

Weiden had also pointed out the anti-leukaemic effect of chronic GVHD in contributing
to an improved survival after allogeneic transplantation (Weiden et al. 1981), (Weiden
et al. 1979). This data was corroborated by Sullivan who demonstrated that GvHD,
both acute and chronic, improved the probability of disease free survival (Sullivan et al.
1989). There have also been anecdotal reports of leukaemia remission during episodes
of acute GvHD (Higano et al. 1990). Conversely, the absence of GVHD predicted a
higher chance of relapse, especially in patients with chronic myeloid leukaemia (CML)
patients. The fact that T cell depletion was associated with an increased chance of
relapse indicated that T cells responsible for GVHD were also capable of mediating the
anti-leukaemia effect (Horowitz et al 1990). This anti-leukaemic effect correlates best
with the presence of chronic GvHD but the lowest rate of relapse is seen in patients
with both acute and chronic GVHD. As for the donor, syngeneic transplants are rarely
complicated wuth GvHD but have a significantly higher risk of relapse than allogeneic

transplant recipients. (Gale et al 1984). Conversely, patients transplanted from
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unrelated donors have a significantly higher rate of GvHD and a lower risk of relapse
compared to matched sibling transplants (Gajewski et al. 1990). In other words, the
greater the degree of antigen mismatching and potential for alloreactivity, the greater
the likelihood for more severe GvHD, but also for a more potent GvL effect. Any
immunosuppresive treatment designed to prevent or treat GVHD such as cyclosporin or
methotrexate also diminishes the GvL effect (Barrett et al 1997), (Bacigalupo et al.
1991). The advent of donor leukocyte infusions (DLIs) has provided the strongest

evidence so far of the importance of a GvL effect (Kolb et al. 1995).

The GvL response has been best characterised and described for CML and extended to
the acute leukaemias. Since then, the more embracing term: “graft versus tumour
(GVT) effect has been coined to include the range of applicable diseases like multiple
myeloma (Verdonck et al. 1996), myelodysplasia (Porter et al. 1996) and lymphoma

(Jones et al. 1991).

1.2 Graft versus host disease:

1.2.1 Incidence and characteristics:

GvHD is a pathophysiological process caused by alloreactive donor T cells which
culminates in multi-organ system dysfunction and destruction. This is a reflection of
exaggerated but normal physiological inflammatory mechanisms occurring in a setting
where they are undesirable. RE Billingham’s prerequisites from 1966 regarding the
key characteristics of the process which define GvHD still holds true (Billingham

1966) and remain crucial to the development of our graft engineering strategy:
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“the graft must contain immunologically competent cells”, meaning it is immune
mediated and initiated by mature functional donor cells in the graft.

“the host must possess important transplantation alloantigens that are lacking in the
donor graft, so that the host appears foreign to the graft” implying an all