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Abstract

Haematopoietic Stem Cell Transplantation (HSCT), using unrelated donors (UD), is 

now a common modality of treatment for individuals with a variety of different 

diseases. In spite of years of experience, and obvious improvements in outcome, 

unresolved issues remain. One of the reasons is the highly complex nature of this 

treatment modality and the many aspects which affect outcome. These may be patient 

specific (e.g. age, performance status); donor specific (e.g. genetic disparity, gender) 

or treatment specific (e. g. conditioning regimen, GvHD prophylaxis).

The aim of this study was to analyse the impact of clinical and immunogenetic factors 

on the complications and outcome in a cohort of UD HSCT pairs. In the analysis of 

genetic factors, emphasis was placed on the typing of six highly polymorphic 

transplantation loci (HLA-A, -B, -C, -DRBl, -D Q Bl, -D PBl) to the allele level.

This study includes 423 unrelated UK patient/donor pairs (with a donor provided by 

the Anthony Nolan Trust). The degree and type of HLA mismatch was found to be a 

significant factor affecting transplantation outcome. In view of the paucity of 

information concerning the impact of DPBl on outcome, I focussed on this molecule 

and was able to report a number of novel findings. In the light of these, I developed a 

cellular assay, to facilitate better understanding of the function of the DPBl molecule. 

I was able to demonstrated a HLA-DPBl specific response between DPBl disparate 

individuals, evidenced by the production of IFNy in an ELI Spot assay. In addition to 

the HLA analysis, I developed an assay for the typing of TNFA promoter 

polymorphisms (positions -308 and -238). The clinical impact of these was studied 

in a subset of pairs.

Based on the findings of this study, it is possible to offer certain advice concerning 

the choice of an unrelated donor.
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Chapter 1: Introduction

Section 1: The clinical application of Unrelated Donor Haematopoietic Stem

Cell Transplantation

History of Unrelated Donor Haematopoietic Stem Cell Transplantation

It was in the 1970s that the first successful unrelated donor (UD) haematopoietic stem 

cell transplants (HSCT) were performed. The first case report was of a patient with 

Severe Combined Immunodeficiency Disease (SCID), who achieved sustained 

engraftment after receiving cells from an unrelated donor in 1972 (O'Reilly, et al 

1977). Thereafter cases were reported of a child with chronic myeloid leukaemia 

(Foroozonfar, et al 1977) and one with acute lymphoblastic leukaemia (Hansen, et al 

1980) receiving successful transplants from unrelated donors. Other reports of 

transplants done at this time also established the feasibility of the use of unrelated 

donors for these indications (Howard, et al 1990, Speck, et al 1973).

Nevertheless it was clear that these transplants were much more problematic than 

those from sibling donors, and the progress and general acceptability of these 

procedures for the treatment of haematological disorders was slow. Two main issues 

which needed to be addressed were the increase in the immune complications 

associated with UD (such as graft versus host disease (GvHD), primary or secondary 

graft failure and delayed immune reconstitution) and the availability of volunteer 

donors. The current enormous improvement in the success of these procedures is due 

to two major advancements in the field: the improved understanding of molecular 

factors (especially the Human Leukocyte Antigens (HLA)) and the impact they have 

on transplantation outcome, and the establishment of large international volunteer 

donor registries (with well characterised donor tissue typing).

Indications for Unrelated Donor Haematopoietic Stem Cell Transplantation

The number of UD transplants performed in Europe annually has increased over the 

years, from 7 in 1983 to 2054 in 2001 (Gratwohl, et al 2002a). In addition, the
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indications for transplantation have changed with time (and indeed fluctuate 

depending on current best practice). This applies not only to the diseases for which 

transplantation is indicated, but also for the stage at which transplants are performed. 

Disease stage at the time of transplantation is the single most important recipient 

factor determining transplant outcome. More advanced disease stage is associated 

with an increase in post-transplant relapse as well as an increase in transplant related 

mortality (TRM) (The EBMT Handbook 2004). In 2001 the most common indication 

for UD-HSCT was Acute Myeloid Leukaemia (AML), with 552 first transplants 

being performed in Europe that year. More than half of these patients were 

transplanted for disease beyond first complete remission (CR) (Gratwohl, et al 

2002a). Acute Lymphoblastic Leukaemia (ALL) was the second most common 

indication, with 490 transplants being performed. Two-thirds of these were for 

disease beyond first remission (Gratwohl, et al 2002a). The transplant outcome is 

stratified, as expected, by disease stage with an overall survival of around 50% at 10 

years for those transplanted in first CR and less than 20% for those beyond second 

CR (The EBMT Handbook 2004). In 2001 there were 342 transplants for patients 

with Chronic Myeloid Leukaemia (CML). The majority of these were for patients 

with stable disease in first Chronic Phase (CP), the outcome of which is around 50% 

at 10 years. The outcome for patients transplanted at a later stage is much worse, 

particularly for those in blast crisis (BC) (The EBMT Handbook 2004). CML is a 

good example of a disease where indications for transplantation have changed over 

time. In 1995 CML in first CP was the most common indication for an allogeneic 

transplant (Gratwohl, et al 1997). The drop off in transplant activity over recent years 

is due to the introduction of the tyrosine kinase inhibitor, Imatinib (Goldman and 

Druker 2001).

Other malignant diseases for which UD-HSCT are performed include Myelodysplasia 

(MDS), Chronic Lymphocytic Leukaemia (CLL), Multiple Myeloma (MM), 

Hodgkin’s Disease (HD) and Non-Hodgkin’s Lymphoma (NHL) (206, 36, 56, 17 and 

94 transplants performed in 2001 respectively) (Gratwohl, et al 2002a). In general 

these are diseases which more commonly affect an older group of patients. The age of
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the patient is thought to be the second most important recipient characteristic 

determining transplant outcome, with older patients faring less well (The EBMT 

Handbook 2004). This is one of the reasons that transplantation has been slower to 

develop as a universal treatment strategy for patients with diseases such as these. The 

advent of reduced intensity conditioning (RIC) regimens (see below) has broadened 

the range of patients to which transplants can safely be offered.

In 2001, 83 UD-HSCTs were performed for Severe Aplastic Anaemia (SAA). The 

treatment of choice for individuals with this disease is a transplant from an HLA 

matched sibling, however, in young patients the use of a well-matched unrelated 

donor is acceptable. The outcome in this disease is dependant on the length of time 

that the aplasia has been present, with overall survival in excess of 60% at 10 years 

for those transplanted within three months of diagnosis, and less than 40% in those 

transplanted after 12 months of disease (The EBMT Handbook 2004).

Non-malignant diseases for which UD-HSCT are performed include thalassaemia, 

SCID and inborn errors of metabolism (17, 22 and 82 transplants in 2001 

respectively) (Gratwohl, et al 2002a). Age, performance status and other disease 

specific factors pre transplantation have a significant impact on outcome (Sullivan, et 

al 2000).

Currently it is uncommon for UD transplants to be performed for the treatment of 

solid tumours or auto-immune diseases, however transplants have been performed in 

this setting, and as the safety and outcome of the procedure becomes clearer it is 

possible that this practice will increase (Chiang and Lazarus 2003, Hentschke, et al 

2003, Sullivan, et al 2000).

Complications of Unrelated Donor Haematopoietic Stem Cell Transplantation

The extent of the complications following an UD-HSCT depends primarily on the 

degree of HLA disparity between the recipient and donor, the type and intensity of 

conditioning used and the performance status (including age, amount of prior
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treatment and virological status) of the recipient prior to the transplant procedure 

(Cornish, et al 1998).

Engraftment/ graft failure

Rejection of the graft is mediated by immunocompetent host cells which survive 

conditioning. Stable and durable myeloid engraftment is a factor essential to a 

successful outcome in HSCT. Rapid myeloid engraftment is an indicator of a superior 

outcome (Davies, et al 2000) due to decreased infection, shorter hospital stay and the 

use of fewer blood products. Amongst others, important factors known to impact on 

engraftment and/or the speed thereof, include HLA matching (Kernan, et al 1993, 

Petersdorf, et al 1997), cytomegalovirus (CMV) serostatus (Davies, et al 2000, 

Leung, et al 2001), donor gender, CD34 (stem cell) numbers infused (Favre, et al 

2003, Storb, et al 1977) and source of harvested cells (Remberger, et al 2001), 

conditioning regimen (Vriesendorp 2003), tumour necrosis alpha (TNFa) levels 

(Nagler, et al 1995) and GvHD prophylaxis (Davies, et al 2000, Leung, et al 2001, 

Petersdorf, et al 2001b).

Graft versus Host Disease

Graft versus Host Disease (GvHD) is the main complication of allogeneic HSCT, 

particularly prevalent following the use of an unrelated donor (due to greater genetic 

disparity than is found with sibling donors). One theory of the pathogenesis of 

aGvHD is that it occurs in three phases: the triggering event is tissue damage through 

chemoradiotherapy conditioning, resulting in the release of cytokines. This is 

followed by the activation of immunocompetent T (and Natural Killer (NK)) cells in 

the graft in response to HLA and other genetic (e.g. minor histocompatibility antigens 

(mHags)) incompatibilities (Billingham 1966). The activation of these cells result in 

the so called ‘cytokine storm’ (Antin and Ferrara 1992, Xun, et al 1994).

The incidence of acute GvHD (defined as that occurring within the first 100 days 

after transplant) varies widely dependant on conditioning protocol, GvHD 

prophylaxis and type of donor used. The use of T cell depletion (see below) is
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currently the most efficient method of GvHD prophylaxis (Ho and Soiffer 2001). 

Chronic GvHD classically occurs after day 100 and is frequently preceded by acute 

GvHD. It has many features in common with auto-immune diseases and auto

antibodies are not infrequently found.

Transplant related mortalitv

Organ specific transplant related mortality (TRM)

Every organ in the body can be affected by the chemoradiotherapy conditioning, as 

well as the drugs used peri-transplant such as antimicrobials and immunosuppressive 

agents. The more common early complications which can result in mortality include 

veno-occlusive disease (VOD), pulmonary complications and microangiopathic 

syndromes (such as thrombotic thrombocytopaenic purpura (TTP) and haemolytic- 

uraemic syndrome (HUS)).

Infectious causes of transplant related mortality (TRM)

In the peri-transplant period the recipient is profoundly immunosuppressed. During 

this time they have increased susceptibility to all classes of infectious agents 

(including bacteria, viruses, fungi and other pathogens), both newly acquired or 

through reactivation of latent infections. Historically, CMV has been a major cause of 

infectious deaths following SCT. Consequently much work has focused on the use of 

prophylactic antivirals for CMV (LJungman 2002, Prentice, et al 1994, Prentice, et al 

1997), as well as the regular monitoring for CMV reactivation with subsequent pre

emptive therapy (Avery, et al 2000, LJungman 2002, LJungman, et al 1993). 

Although these approaches have resulted in a dramatic reduction in the incidence of 

CMV disease and mortality, there remains significant morbidity associated with 

CMV reactivation and the treatment thereof. In addition, it is not entirely clear if the 

increased morbidity is due only to CMV reactivation and the consequent treatment 

(Goodrich, et al 1993, Nichols, et al 2002), or if CMV is an independent risk factor 

for complications, whether or not the recipient has had viral reactivation (Kroger, et 

al 2001). Some authors have shown an increased mortality due to increased acute 

GvHD (in sibling donor transplants) (Broers, et al 2000) or non-CMV infections to be
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the cause of inferior outcome (Craddock, et al 2001). Thus, CMV latency prior to 

unrelated donor HSCT is known to be one of the most important recipient factors in 

HSCT, resulting in an inferior outcome due both to reduced overall survival and 

increased TRM (Cornelissen, et al 2001).

Pre-emptive and prophylactic approaches have been/are being developed for many of 

the other infections commonly seen after transplantation.

Immune reconstitution

The risk of overwhelming infections persists until such time as the immune system in 

the recipient is reconstituted by donor cells. There are two distinct mechanisms of 

reconstitution, first the peripheral expansion of immunocompetent cells received with 

the graft, and second the thymic dependant pathway resulting in education of naïve 

lymphocytes which have developed from stem cells received in the graft. The rate at 

which different cells reconstitute post transplant varies. NK cells are generally the 

first to reconstitute, usually within a month of transplantation (Shilling, et al 2003). It 

may take up to a year post transplant to achieve normal T and B cell number and 

function (Lamb 2002) as well as numbers of dendritic cells (Klangsinsirikul, et al

2002). Recipients who receive a graft from an unrelated donor take longer to 

reconstitute their immune system (Small, et al 1999), as do older recipients, those of 

T cell depleted (Ho and Soiffer 2001) or bone marrow grafts (as compared to 

peripheral blood stem cells (PBSC)) and those who suffer from GvHD or infections 

post transplant (in particular related to the use of immunosuppressive drugs in this 

group).

Disease relapse

Disease relapse is a common cause of treatment failure following HSCT, even if the 

patient is transplanted in the early stage of the disease. The three year probability of 

relapse after HSCT for acute leukaemia (AL) in first CR or CML in first CP is in the 

range of 10 to 30% (Hansen, et al 1998, Sierra, et al 2000). After this point the risk of 

relapse decreases for those transplanted for AL, but may increase for those with
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CML. Factors which increase the rate of relapse include: later disease stage, reduced 

intensity conditioning regimens, GvHD prophylaxis (e.g. T cell depletion (TCD)) and 

complete (or near) genetic compatibility (such as is seen in syngeneic transplants). 

Besides frank haematological relapse which may easily be diagnosed by examination 

of the bone marrow, or even peripheral blood, earlier evidence of disease recurrence 

can be sought. Cytogenetic and molecular tools can be powerful methods for 

detecting very early relapse, minimal residual disease or mixed chimeric states, 

allowing treatment strategies to be initiated at an earlier time period.

Donor Lymphocvte Infusions

One of the methods for dealing with relapse post HSCT is the use of Donor 

Lymphocyte Infusions (DLI), as a form of adoptive immunotherapy from the original 

donor. These were first shown to be effective in inducing complete remissions in 

patients with recurrent CML (Kolb, et al 1990), but have since been tested in a 

variety of haematological malignancies. AML can respond to DLI, and responses 

have been shown in diseases such as myeloma (though these may not be durable). In 

contrast ALL responds poorly to DLI. The exact mechanism by which DLI works 

(i.e. exploiting the graft versus leukaemia/malignancy (GvL) effect) is poorly 

understood, but is thought to be an alloimmune reaction involving donor T cells, NK 

cells and possibly dendritic cells, which target and kill residual malignant cells in the 

recipient (Jiang, et al 1993). An additional benefit of DLI is that it can be given pre

emptively, particularly in the setting of RIC transplants, in order to convert the 

recipient to a full donor chimera.

Principles of conditioning regimens

The prime objectives of the conditioning regimen are three fold: immunosuppression, 

disease eradication and ‘space-making’. The immunosuppressive effect is required to 

prevent rejection of the graft by residual host haematopoiesis. Disease eradication is a 

direct result of the ‘strength’ of the conditioning regimen used, but this benefit is 

offset by the concomitant increase in the organ toxicities which may be seen 

following the transplant. Without conditioning most bone marrow niches are
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occupied and do not accept stem cells, but ‘space’ can be secured with low doses of 

TBI, due to the extreme radiosensitivity of haematopoietic stem cells (Vriesendorp

2003).

Recent advances in the understanding of the biology of HSCT and the GvL effect 

have allowed transplanters to experiment with the relative importance of 

immunosuppression and myelosuppression (disease eradication). One of the results of 

this has been the development of RIC regimens. These regimens emphasise the use of 

immunosuppressive drugs, while decreasing the myelosuppressive drugs used. This 

results in much lower toxicity from the procedure, extending the applicability of 

transplantation to elderly or compromised patients. The flipside may be an increase in 

disease relapse. The use of RIC has increased massively over a relatively short time. 

Prior to 2000 this treatment was virtually non-existent, while in 2001 it represented 

nearly a quarter of all allogeneic transplant activity (Gratwohl, et al 2002b). Although 

many reports have focussed on the use of RIC there are as yet no long term data on 

the superiority of this approach over conventional HSCT.

Route of stem cell donation

Traditionally, stem cells harvested from the bone marrow cavity under anaesthetic, 

was the only route by which an unrelated donor could donate. The use of PBSC for 

allogeneic HSCT was first reported in 1989 (Kessinger, et al 1989) using PBSC from 

an HLA-identical sibling. Since then the use of PBSC has increased rapidly, although 

its widespread use in the unrelated donor setting was hampered by the ethical issues 

surrounding the use of a drug (Granulocyte Colony Stimulating Factor, GCSF) in 

healthy volunteers. Since addressing the ethical issues, by 2000 39% of donations 

from unrelated donors were PBSC donations (Gratwohl, et al 2002b). PBSC grafts 

contain more cells than bone marrow grafts (both CD34-H cells and T cells) and have 

been associated with faster engraftment, but not with acute GvHD (Miflin, et al 1997, 

Remberger, et al 2001, Ringden, et al 1999). There is however concern that the 

incidence of chronic GvHD may be increased in HLA-identical siblings who receive 

PBSC (Scott, et al 1998b, Storek, et al 1997), although studies in unrelated donors
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have not confirmed this (Remberger, et al 2001, Ringden, et al 1999). There is 

currently no evidence to suggest any differences in TRM, relapse or Disease Free 

Survival (DFS) dependant on the route of stem cell donation using unrelated donors.

T cell depletion

As mentioned, GvHD is one of the most problematic issues related to HSCT. The 

development of acute GvHD requiring treatment is associated with significantly 

decreased survival. In addition, chronic GvHD may be extensive and is associated 

with a very high incidence of morbidity and mortality, related mostly to infections, 

due to the prolonged and severe immunosuppressed state of the patient (Ferrara, et al 

1997). When pharmacological methods of immunosuppression are used (such as 

cyclosporin or methotrexate) the incidence of severe acute GvHD may remain as high 

as 70% (Ho and Soiffer 2001, Nash, et al 2000). The most effective means of GvHD 

prophylaxis is to reduce the number of T cells in the graft -  T cell depletion (TCD) 

(Ho and Soiffer 2001). T cell depletion was pioneered in the early 1980s, with 

different methods of depletion reported by different groups (Prentice, et al 1982, 

Rodt, et al 1981). The early reports and trials showed T cell depletion to be an 

extremely effective method of preventing GvHD, however it soon became clear that 

there was a price to pay: increased graft rejection, delayed immune reconstitution 

with consequent increases in infections and increased disease relapse (Apperley, et al 

1986, Ho and Soiffer 2001). It remains unclear, despite years of experience with 

TCD, what dose of T cells is optimal to balance these complications. One of the 

reasons for this may be the number of different approaches to TCD which are 

practised and the lack of good comparative trials (Ho and Soiffer 2001).

Currently, one of the most common methods of TCD, in the UK, is the use of the 

monoclonal antibodies against CD52, CAMPATH-1. CD52 is highly expressed on 

human lymphocytes, monocytes and macrophages and is a good target for cell lysis 

by antibody using complement. These antibodies were developed in the 1980s 

(Waldmann, et al 1984) and are classified by their immunoglobulin subtype and 

origin. CAMPATH-1 antibodies are useful for both in vitro and in vivo TCD as they
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can bind human as well as rabbit complements. As a result they can lyse virtually all 

lymphocytes in human donor serum. In addition they spare bone marrow colony 

forming cells (Hale, et al 1983). The incidence of grade II to IV aGvHD is shown to 

be greatly reduced using this approach (Hale, et al 1988, Marks, et al 2000). One 

problem, however, with this approach is that it is difficult to estimate the final T cell 

dose which the patient receives. It is also difficulty to know how much of the 

CAMPATH-1 is retained in the patient’s circulation and for how long. An additional 

problematic issue is the widespread tissue expression of CD52 on many cells of the 

haematopoietic lineage, thus resulting in a major impact on immune reconstitution of 

all cell sets following HSCT.

Another frequently used method of in-vivo T cell depletion is the incorporation of 

anti-thymocyte/anti-lymphocyte globulin (ATG/ALG) into the conditioning 

regimen. ATG consists of rabbit immunoglobulins and exerts a direct effect on 

lymphoblastic T cells, resulting in T cell depletion by opsonization and lysis 

following complement activation (Kroger, et al 2003). The effect of ATG has been 

shown to be dose dependant and in addition long lasting, such that ATG infused 

during conditioning would not only deplete the recipient T cells, but also the donor T 

cells in the incoming graft. A report of two randomized prospective studies using 

ATG or no T cell depletion in unrelated donor transplants (Bacigalupo, et al 2001) 

has shown significant reductions in acute and chronic GvHD in those receiving ATG, 

but no reduction in TRM due to the increased risk of infections in the ATG group. 

Although there may be a negative impact on T cell reconstitution, other cell types are 

not affected (cf. CAMPATH).

Probability of finding a good HLA match and donor registries

As only about a third of those requiring an allogeneic transplant will have an HLA 

matched sibling (Madrigal, et al 1997), it is essential for transplant physicians to have 

access to a large number of unrelated donors, on well maintained registries, with 

diverse tissue types and who are readily available. The establishment of large and
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easily accessible volunteer donor registries, which collaborate globally, is one of the 

key reasons for the increased applicability of HSCT from unrelated donors.

In May 2004 there were more than nine million volunteer donors and cord blood units 

available on 53 stem cell donor registries in 39 countries and 36 cord blood registries 

in 21 countries. The Anthony Nolan Trust (ANT) in London was the first unrelated 

donor registry to be set up. This was in 1974 when Shirley Nolan initiated a search 

for an unrelated donor for her son, Anthony, who suffered from Wiskott-Aldrich 

Syndrome. This registry paved the way for the development of registries world wide 

and remains the largest bone marrow registry in the UK and third largest in the world. 

Currently, there are 350 385 donors on the ANT register, of which 73% are HLA-A, 

-B, -DR typed; 20 1991 are DNA typed for HLA Class II and 79 471 are DNA typed 

for HLA Class I (personal communication; S. Cleaver, ANT). In 2002 over ten 

thousand new patients were referred for searches on worldwide registries and this 

resulted in over 5 800 donations (www.bmdw.org). The World Marrow Donor 

Association (WMDA; www.worldmarrow.org) ensures good communication and 

shared practice between all the registers. In Europe (http://www.ebmt.org/index.htm) 

one in four allogeneic transplants is performed using HSC from an unrelated 

individual.

The probability of finding a serologically well matched unrelated donor (i.e. using a 

low resolution typing method) has increased over the years, to a probability of greater 

than 90% in 1997 (Hansen, et al 1997). However, as tissue typing techniques have 

improved and the importance of HLA allele level matching has become apparent, it 

has become more difficult to find a well HLA matched volunteer donor (i.e. one who 

matches at the sequence level). A study from 2000 (Tiercy, et al 2000) investigating 

the possibility of finding an HLA-A, -B , -C , -D R B l, -DRB3, -DRB5, -D QBl 

compatible donor, estimated this at 38.4% (of those for whom at least one 

ABDR-matched donor is recruited). Another 30.2% of patients had donors if single 

mismatches for HLA-DQ, -DRB3 or -C  were accepted. The latest data from the 

same group (Tiercy, personal communication) is that in 129 searches, involving 557
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donors, there was a 40.3% of finding a 10/10 allele matched donor, with an additional 

16.3% found if a 9/10 donor was acceptable.

Section 2: Major Histocompatibility Complex

The Major Histocompatibility Complex (MHC) was discovered during studies in 

mice by Peter Gorer and George Snell (Gorer 1937, Gorer, et al 1948). These studies 

uncovered an antigen (antigen II) which they found to be involved in the rejection of 

a tumour. They subsequently showed the presence of antigens related to antigen II in 

other strains of mice and recognised that these were probable alleles of the same 

‘tumour resistance’ gene. This first major histocompatibility locus they named H 

(later renamed H-2). The identification of similar antigens in humans followed the 

description of anti-leukocyte antisera, detectable by agglutination assays, in the sera 

of patients who had received multiple blood transfusions (Dausset 1954). Unlike in 

laboratory mice, the human population is completely outbred, increasing the 

complexity of identification of human histocompatibility antigens enormously.

Genetic organisation

The Major Histocompatibility Complex (MHC) contains more than 200 genes, most 

of which have functions related to immunity, and is contained within 4.2 Mbp of 

DNA on the short arm of chromosome 6 at 6p21.3 (Figure 1.1) (The MHC 

sequencing consortium 1999). It is divided into three main regions: at the telomeric 

end, the HLA Class I region, at the centromeric end, the HLA Class II region and 

lying between these, the Class III region. A comprehensive map of the HLA region 

has been published and is periodically updated (Campbell and Trowsdale 1997). Of 

principal interest in transplantation are the six ‘classical’ HLA genes which encode 

the highly polymorphic loci: HLA-A, -B  and -C  (in the Class I region) and 

HLA-DR, -DQ and -D P (in the Class II region).

A number of other important molecules are present within these two clusters, such as 

the MHC Class I Chain related (MIC) family of genes and the genes for both subunits
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of the Transporter associated with Antigen Processing (TAP). The Class III region is 

densely packed with genes including those encoding complement factors and TNF. 

The TNFA gene lies at the telomeric end of Class III, 200 kb centromeric of HLA-B, 

its closest classical HLA gene.
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known function) (Campbell and Trowsdale 1997)
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Polymorphism

The HLA region is the most polymorphic (with HLA-B the most polymorphic gene) 

currently known in the human genome (The MHC sequencing consortium 1999) 

(http://www.sanger.ac.uk/HGP/Chr6/). The HLA Class I genes encode an a  chain 

which is highly polymorphic. The Class II molecules consist of both an a  and a (3 

chain, encoded by separate genes. The p chain of each locus is highly polymorphic 

while there is limited polymorphism exhibited in the a  chains. In June 2004 there 

were 1748 named HLA alleles (Table 1.1) (http://www.ebi.ac.uk/imgt/hla).

Table 1.1: The number of HLA alleles currently named at each locus

HLA Locus Number of 
Class I Alleles

HLA Locus Number of 
Class II Alleles

HLA-A 309 HLA-DRBl 368
HLA-B 563 HLA-DRB3,4,5 71
HLA-C 167 HLA-DQAI 27

HLA-DQBI 56
HLA-DPAl 20
HLA-DPBI no

This extensive polymorphism is thought to be a result of balancing selection due to 

the need for the immune system to keep up with and control infectious pathogens 

(Hughes and Nei 1988, Parham and Ohta 1996, The MHC sequencing consortium 

1999). The polymorphism is concentrated in the areas which encode the peptide- 

binding groove (thus influencing its conformation) and the sites of interaction with 

the T cell receptor, which supports the contention that there is evolutionary pressure 

which drives the generation of this diversity (Parham, et al 1989).

Two broad categories of selection are postulated. Overdominant selection 

(heterozygous advantage), in which the evolution of allotypes that bind increasingly 

nonoverlapping populations of peptides is favoured. Heterozygotes can present up to 

twice the number of peptides as can homozygotes and the vast majority of humans 

are heterozygous for their HLA molecules. Frequency-dependant selection refers to 

the selection pressure on a population in the face of an epidemic disease, where one 

allele by chance provides better immunity. Thus, selection in this model may favour
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this allele to the point that it may dominate the locus, however in this situation the 

pathogen is likely to develop an evasive strategy against this allele, thus again 

selecting for individuals with rarer alleles (Parham and Ohta 1996). Human 

populations from different geographical regions have different allele types and 

frequencies, which may reflect differences in environmental (pathogenic) pressure. 

Other factors besides selection are also believed to play a role in the generation of 

polymorphism. The four main mechanisms giving rise to new alleles are allele 

conversion, gene conversion, recombination and point substitution (Marsh, et al 

2000).

HLA Nomenclature

The nomenclature for the HLA system has changed over the years reflecting not only 

the changing techniques for defining HLA types (serological tests versus DNA 

methodologies), but also the importance of a precise nomenclature: that is, defining 

HLA alleles at nucleotide level. The need for continuity was recognised at an early 

stage in the history of HLA and a series of international conferences (and workshops) 

were initiated. A standardised HLA nomenclature was derived from these. Although 

the first official meeting of the nomenclature committee took place in New York in 

1968 (Walford 1990), the basis for the nomenclature as we currently recognise it was 

accepted at the 6* International Histocompatibility Workshop (IHW) in 1975 (for 

HLA Class I loci) and the to 9‘*’ workshops (for HLA Class II loci) (WHO 

Nomenclature Committee 1975, WHO Nomenclature Committee 1977, WHO 

Nomenclature Committee 1980, WHO Nomenclature Committee 1985).

Up to this time the nomenclature had been based on serological specificities or those 

defined by cellular assays. At the 10* IHW the naming of HLA alleles based on 

nucleotide sequencing was addressed. The first HLA allele designations were made at 

this time, with the gene name being followed by an asterisk (which acts as a 

separator) and then a four digit allele name. The first two digits indicate the 

serological group to which the allele belongs and the second two indicate the number 

of the allele within the group (WHO Nomenclature Committee 1988). Since that
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time, the complexity of the HLA system has required that the original four digit allele 

name be extended. In the current nomenclature the allele name can extend to eight 

digits, with the fifth and sixth digits representing synonymous mutations, the seventh 

and eighth representing intronic (or other non-coding) variants and the addition of an 

optional letter at the end of a sequence to indicate a major alteration in its expression 

(e.g. an ‘N’ for a null allele) (Table 1.2) (Marsh, et al 2002).

Table 1.2: An example of HLA Nomenclature and its relation to tissue typing 
techniques

Typing Method Nomenclature
Serological A1
DNA-based: low resolution A*01
DNA-based: medium resolution A*0101/0104N
DNA-based: high resolution A*0101

Linkage disequilibrium

A haplotype is defined as a chromosomal combination of genes (Ceppellini, et al 

1967). Certain combinations of alleles occur on HLA haplotypes within the 

population at a higher frequency than expected. This is due to the phenomenon of 

non-random gametic association (genetic linkage disequilibrium). The Linkage 

Disequilibrium (LD) between alleles at different loci is dependant on the magnitude 

of the recombination fraction observed between loci (Cavalli-Sforza and Bodmer 

1999). In the human MHC LD is more frequently observed between loci that are in 

close proximity, although in many cases it may extend across the entire Class 1,11 and 

111 regions.

Thus, very strong LD is displayed between the a  and (3 subunit of each of the HLA 

Class 11 molecules (Bodmer, et al 1992, Hurley, et al 2000, Petersdorf, et al 1996, 

Sage, et al 1994). Likewise, HLA-B and HLA-C display strong LD, as do 

HLA-DRBl and HLA-DQBl. The fact that the HLA-C and -D QBl type could be 

inferred from the HLA-B and DRBl types respectively, explains why tissue typing at 

these loci lagged behind that for HLA-A,-B and -DRBl. However, as knowledge of 

the polymorphism seen in HLA increased, it became clear that there were numerous
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circumstances in which LD was not completely predictive. It has been shown that a 

number of HLA-C alleles may associate with certain HLA-B alleles and that HLA-C 

mismatches are common in HLA-A and -B serologically matched pairs (Scott, et al 

1998a), as well as in pairs matched at HLA-A, -B, -DRB and -D Q Bl (El Kassar, et 

at 2001, Petersdorf, et at 1994). For example, while over 95% of Caucasoid 

individuals who have HLA-B*0702 will have HLA-Cw*0702, those who express 

B*1801 may express either Cw*0701 (38%), Cw*1203 (38%) or Cw*0501 (34%) 

(Bunce, et al 1996). This phenomenon is present for a large proportion of the 

common HLA-B and -C  alleles, making it essential to perform accurate high 

resolution tissue typing at both loci. Likewise, DRB 1*0401 may be seen in 

association with either D Q Bl*0301 or D Q Bl*0302 in roughly similar proportions 

(Stastny, et al 1997).

In view of the evidence for LD extending, in many cases, across the Class 111 region 

to incorporate alleles in the Class 1 and Class 11 regions (for example the common 

Caucasoid haplotype: A*0101, Cw*0701, B*0801, DRB1*0301, D Q B l*0201 

(Vorechovsky, et al 2001)), the question arises as to whether this predicts for 

complete identity in the intervening region. Recombination events are known to occur 

with increased frequency at certain points within the MHC (Foissac, et al 2000). One 

of these points lies in the region between the HLA-DP loci and the other Class 11 

loci, explaining the lack of LD between HLA-DP and the rest of the extended 

haplotype (Begovich, et al 1992). Another involves the TNF genes (Vorechovsky, et 

al 2001). Nevertheless, it is likely that in many cases the loci within the Class 111 

region (e.g. TNF) may be in LD with at least the closest HLA loci (Hajeer and 

Hutchinson 2001). There are a number of reports, for example, of strong LD being 

found between the HLA-A 1, -B8, -DRB 1*0301 haplotype and the TNFA AG allele 

(Wilson, et al 1993). The TNF microsatellites are located between the ô-block (within 

the introns of the DRB genes) and p-block (centromeric of HLA-B) matching 

sequences in the MHC, and matching for these has been shown to be associated with 

matching for the non-HLA sequences found in these areas (Witt, et al 1999), 

suggesting identity in the intervening sequences.
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structure and function of HLA molecules

HLA Class I and II are molecules of the immune system that are essential to T cell 

mediated adaptive immunity, in the context of particular peptides bound to the HLA 

molecule. Their primary role is to present peptide to T cells thus enabling them to 

recognise and eliminate ‘foreign’ particles present in an individual, as well as to 

prevent the recognition of ‘self’ as foreign. These natural functions need to be 

overcome (or manipulated) in order to allow grafts between allogeneic individuals to 

be accepted.

Expression and distribution of HLA molecules

HLA molecules are expressed on the cell surface. Class I molecules are more widely 

expressed than Class II and are found on most nucleated cells and on platelets. HLA 

-A  and -B  molecules are found at a density of up to 250 000 copies on the cell 

surface (Parham and Ohta 1996). HLA-C is expressed to a lesser extent. Differences 

in the efficiency of assembly and the rate of exocytosis, and in the stability of the C- 

locus a  chain-P 2 microglobulin-peptide complex may account for the lower cell 

surface expression (Neefjes and Ploegh 1988). Class II molecules are generally 

restricted to cells of the immune system, such as B cells, dendritic cells and some 

endothelial cells. There are differential levels of expression of Class II molecules, 

with the expression of DP believed to be much lower than that of the other loci 

(Potolicchio, et al 1996). Both Class I and II molecules can be induced on other cell 

types, and their levels can be increased, during an immune response.

Structure

The overall structure of the Class I and Class II molecules is similar, with most of the 

polymorphism (as previously mentioned) located in the peptide binding groove 

(Parham, et al 1988).

The crystal structure of Class I molecules was first determined in 1987 (Bjorkman, et 

al 1987) using HLA-A2 molecules isolated from the cell line JY. Class I molecules
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consis t of  an a  chain which is non-covalent ly associated with |32 microglobulin (p im)  

(a non po lymorph ic  protein encoded on ch romosom e  15 in humans).  Th e a  chain  

conta ins  a short  cytoplasmic  tail, a t ransm em embrane  do main  and an ext racel lu lar  

region which consists  o f  three domains ,  named a , ,  and a , .  The  d om ain  is 

proximal  to the cell m em brane,  a longside (Tm, and is fo lded to fo rm a ser ies o f  

(3-sheets held together  by a single disulphide bond. The f loor  of  the pept ide b inding 

groove com pri ses  of  a sheet  of  eight (3-pleated st rands  fo rmed  f r om  the amino-  

terminal segments  of  the a ,  and a?  domains.  The carboxy-terminal segments  of  these 

dom ains  adopt  an a - h e l i c a l  conformat ion that forms the two f lanking walls o f  the 

groove (Figure 1.2).

Figure 1.2: Schematic representation o f  the top view of  the HLA Class I peptide binding site 

showing the a-carbon backbone of  the a ,  and a? domains

The pept ide binding groove is d ivided into six pockets  named  A, B, C, D, E and F. 

Bound pept ides interact with the Class 1 molecule through these pockets,  in particular 

the B and F pockets  which harbour ,  respect ively,  the N- and C- terminal  c o m m o n
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motifs of the peptide. Because bound peptides are held by their ends, their length is 

limited to 8-10 amino acids (with the majority of peptides consisting of nine 

residues). Consequently, the peptides which can bind to individual HLA molecules 

are determined by the type of amino acid residues present in these key positions. The 

exposed middle portion of the peptide, and the upper faces of the two a-helices of the 

Class I molecule to which it is bound, form a planar surface which interacts with the 

CDS T-cell receptor. From X-ray crystallography studies (Ding, et al 1998), it can be 

seen that the T-cell receptor a  and p chains contact both the a-helices and the 

exposed residues of the bound peptide.

The T-cell receptor engages the Class I molecule in a diagonal orientation that is 

parallel to the strands of p-pleated sheet of the a^ and a 2  domains and it slots 

between the high points of their a-helices. The CDS co-receptor interacts with the 

domain (Norment, et al 1988).

The Class II molecule consists of two transmembrane glycoproteins, the a  and p 

chains. Amino acids in each chain are folded into two domains, a^ and a j  and pi and 

P2 . The a 2  and P2  chains are membrane proximal (and roughly analagous to the a^ 

domain and P2 m in Class I molecules) with the a^ and Pi domains being membrane 

distal and forming the peptide binding groove in a similar way to the Class I molecule 

(Stern and Wiley 1994).

The amino terminal portions of a^ and Pi fold into P-pleated strands that form the 

floor of the groove, while the carboxy terminal regions adopt an a -h e lica l 

conformation and form its two walls (Figure 1.3).
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Figure 1.3: Schem atic representation o f  the top view of  the H L A -D R  peptide binding site 

showing the cx-carbon backbone o f  the a ,  and cxj domains

Unlike Class 1, the pept ide binding site of  Class II molecules  has open ends  which 

al low the pept ide to hang out of the groove at both ends,  while being gripped in the 

middle.  Pept ides can therefore be much longer (classically 12 - 2 4  amino acids) than 

those which are bound by Class 1. Th e most  prominent  pocket  in the H L A - D R  

groove is a large hydrophobic subsite near one end, which is formed by residues f rom 

the a  and (3 chains.  Th e pocket has di fferent  specificities depend ing  on the amino  

acid residue at posi tion 86 of the (3 chain,  thus determining the type of  pept ide that  

will bind (Stern, e t  a l  1994). All binding of  peptide to H L A - D R  molecules  appears 

dependant  upon this pocket  interacting with a s ide-chain of  an amino  acid residue in 

the peptide. The pept ide is presented by the M H C  Class II molecule to C D 4  T cells,  

in much the same way as that described for Class I molecules.

Ant igenic structure/epi topes

The minimal structural  unit that is recognised by the T cell receptor is an epi tope.  

HL A  ep i topes  can be def ined,  in the labora tory ,  wi th a l lo an t ib o d ies  and/  or
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monoclonal antibodies and/ or cloned T lymphocytes (Marsh, et al 2000). 

Serologically defined epitopes can be divided into two types: private epitopes and 

public epitopes. Private epitopes were originally those that were thought to occur 

only in a single gene product, however it has become clear that these ‘private’ 

epitopes really define clusters of highly related HLA alleles (such as the HLA-A2 

group of alleles) and are thus better referred to as ‘group epitopes’ (Rodey 2000). 

Public epitopes refer to those epitopes which are found on many antigens in the 

population (Rodey and Fuller 1987). A good example of high frequency public 

epitopes are the HLA-Bw4 and -Bw6 specificities. All individuals express either or 

both of these alleles (approximately one third of HLA-B allotypes have the Bw4 

epitope, while the remainder have the Bw6 epitope). These are encoded by the amino 

acid sequence present from position 79-83 in the domain of the HLA-B allele 

(Wan, et al 1986). A similar, though less well defined, situation occurs in HLA-A 

where all alleles except HLA-A23, 24, 25 and 32 share a public antigen (3G11). This 

is thought to be influenced by the amino acid residue at position 79 in the domain 

(de Waal, et al 1988). These epitopes play an important role in the immune system 

related to natural killer cell function (see below), as well as having a role in 

transplantation.

Function

MHC molecules bind peptides produced by protein degradation (antigen processing) 

and then present these as antigens on the cell surface (antigen presentation) to T cells. 

While each MHC allele can bind and present hundreds or thousands of different 

peptides, the T cell receptor recognises the peptide sequence only if it is presented by 

the same MHC molecule as encountered during priming, a concept known as MHC 

restriction (Zinkernagel and Doherty 1974).

In general. Class I molecules present foreign antigens (such as viruses) to the T cells. 

Cytoplasmic proteins undergo proteolytic degradation (a major part of which is 

played by the proteasome, a large, multicatalytic protease complex) and the peptides 

derived are transported by TAP (which resides in the membrane of the endoplasmic

36



reticulum (ER)) to the lumen of the ER. Here they are bound by the Class I molecule, 

the chains of which have been assembled with P2 m. The delivery of peptide from 

TAP to immature Class I molecules is facilitated by tapasin, which forms a bridge 

between TAP and the HLA molecule. HLA Class I molecules are not stable until they 

have bound peptide, after which they leave the ER and move through the stacks of the 

Golgi to the plasma membrane.

Although the Class II chains also assemble in the ER, they do not bind peptide in this 

location. Instead the a  and |3 chains assemble with a third polypeptide called the 

invariant chain (Ii). This has the dual function of stabilising the Class II molecule as 

well as preventing the binding of peptide. Class II molecules then leave the ER and 

move through the Golgi, towards specialised endocytic vesicles called MHC Class II 

compartment. Here the invariant chain is degraded, though part of it (called the CLIP 

peptide) remains bound to the peptide binding site. The action of the HLA-DM 

molecule, found specifically in these vesicles, facilitates the removal of CLIP and 

replacement by a peptide derived from degradation in the endosomes or lysosomes of 

endocytosed material. The molecule can then move to the plasma membrane.

This MHC/peptide complex on the cell surface is the natural ligand for the a|3 T cell 

receptor (TCR) found on T cells. When T cells in the thymus have matured to the 

point that they express a|3 receptors on their surface they are subjected to positive and 

negative selection (Sebzda, et al 1999). Negative selection eliminates cells bearing 

receptors that interact too strongly with self MHC Class I or II molecules. In contrast, 

positive selection drives the maturation of cells receptors that interact with 

intermediate affinity with a self Class I or II allotype. Cells that interact poorly with 

all self Class I and II allotypes fail to mature and die by the process of apotosis. The 

consequence of this is that less than 1% of T cells succeed in becoming mature, 

circulating T cells. Positive selection of these T cells would have involved a single 

self Class I or II allotype, thus rendering all mature cells functionally monoclonal. 

The a (3 T cells express either CDS or CD4 cell surface glycoproteins, which restricts 

their interaction to either HLA Class I or Class II respectively (von Boehmer, et al
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1989). The CD4 and CDS molecules are co-receptors because they too need to 

interact with the HLA molecule for T cell activation to occur. CDS T cells (cytotoxic 

T lymphocytes, CTLs) have a cytotoxic function that enables them to kill cells 

infected with intracellular pathogens (O'Rourke and Mescher 1992). CD4 (helper) T 

cells cause the targeted delivery of cytokines to other cells of the immune system, 

thus activating them, in response to extracellular pathogens. There are two distinct 

types of CD4 T cell (stimulated/produced by different cytokines): T„1 cells that 

activate macrophages to induce inflammation and T„2 cells that stimulate B cells to 

make antibodies. These are mutually suppressive (Mosmann and Coffman 19S9).

Like T cells, NK cells arise from a bone-marrow precursor, however, unlike T cells 

their development is thymic-independent. They form part of the innate immune 

system and mediate direct cytotoxicity as well as antibody-dependant cellular 

cytotoxicity (ADCC) (Trinchieri 19S9). They do not express TCRs, but rather a 

number of inhibitory and activating molecules on the cell surface which are encoded 

on chromosomes 19 and 12. Where it is known, these molecules have a specificity for 

HLA Class I molecules.

The best understood of these molecules are the Killer cell Immunoglobulin-like 

Receptors (KIRs). Each NK cell will express (among others) a single KIR which is 

blocked (negatively regulated) only by a certain Class I allele group. Most of the 

research thus far to understand KIR-HLA interaction has concentrated on inhibitory 

KIR that recognise HLA-C. The specific recognition of HLA-C alleles with either 

lysine or asparagine in amino acid position SO on the Class I molecule will determine 

the KIR specificity (Vilches and Parham 2002). When an inhibitory receptor engages 

a Class I ligand there is an inhibition of NK activation and killing. This mechanism 

functions to prevent the killing by NK cells of healthy cells, but targets cells (such as 

tumour cells or those which have been virally infected) which have a pathological 

loss or down regulation of Class I molecules.
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Section 3: Tissue typing techniques

The earliest tissue typing was performed using leukoagglutination (Dausset 1954, 

D a u sse t, et al 1954, Van Rood and Van Leeuwen 1963). Later the 

microlymphocytotoxicity assay was developed (Terasaki and McClelland 1964). This 

test gave comparable results to the previous assay, but was less cumbersome to 

perform, and became accepted as the standard method of histocompatibility testing. 

The microlymphocytotoxicity assay is performed by incubating lymphocytes with 

antisera (usually from multiparous women who had formed antibodies, or from 

transfused individuals). This test could detect differences at an antigenic level (i.e. 

this was a serological, or low resolution, tissue typing technique). Although this 

method of typing is highly sensitive, it lacks the specificity required pre

transplantation. Alleleic differences can generally not be uncovered. In addition, there 

was a lack of reagents with which to recognise all HLA specificities, resulting in 

‘serological silent’ alleles (e.g. HLA-Cw*12, 14, 15, 16, 17 and 18). Thus, although 

there are 309 described alleles at HLA-A, this is represented by only 24 serological 

specificities (http://www.ebi.ac.uk/imgt/hla/stats.html).

As the discovery of more HLA alleles continued, and the importance of matching for 

HLA in transplantation became more apparent, the trend moved away from 

serological techniques to tissue typing which was DNA based (Table 1.2). The 

earliest methods used included Restriction Fragment Length Polymorphism (RFLP). 

This resulted in a relatively low level of resolution (i.e. similar to that gained by 

serological techniques) and was soon superseded by PCR based technologies, which 

are currently the best and most reliable methods of tissue typing. Sequence Specific 

Oligonucleotide Probing (SSOP) (Saiki, et al 1986) and Sequence-Specific Priming 

(SSP) (Browning, et al 1993) are two examples of medium resolution tissue typing 

techniques (i.e. they can define specific allele groups, though often as a ‘string’ of 

possible alleles). SSOP involves the immobilisation of the product amplified by PCR 

onto a nylon membrane. The polymorphisms present in the amplified product are 

then detected using a number of short oligonucleotide probes, designed to react with
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these sequences. SSP uses sequence-specific primers for the PCR reaction. The 

products are then run on agarose gels and the HLA type is inferred from the presence 

or absence of specific bands from the various PCRs.

High resolution typing methods, such as Sequencing-Based Typing (SET) (Versluis, 

et al 1993) and Reference Strand mediated Conformation Analysis (RSCA) 

(Arguello, et al 1997) are employed to resolve the tissue type to allele level. High 

resolution typing methods are currently becoming easier and cheaper to perform, with 

automated systems being developed in order to provide rapid and reliable results to 

transplantation centres searching for unrelated donors.

Since 1990 DNA based techniques have become the method of choice for typing at 

Class II, after these methods were included in the IP^ IHW. It was only later that 

DNA technologies for matching at Class I were developed, once it became clear that 

serological typing was seldom able to discriminate at the level of individual alleles. 

Currently, it is the HLA laboratories involved in HSCT who are typing the largest 

number of samples. For unrelated donors typing is now performed at medium to high 

resolution at the outset and serological typing only is certainly not acceptable pre

transplantation.

Functional assays

Although initially the mixed lymphocyte culture (MLC) and cytotoxic T lymphocyte 

precursor assay (CTLp) were widely employed by tissue typing laboratories as a form 

of cellular crossmatch pre-transplantation, to predict for HLA Class II and Class I 

incompatibility respectively, this has largely been superseded by DNA typing 

methods. This is due both to the speed and accuracy which DNA methodologies offer 

over functional assays, as well as the fact that the MLC or CTLp were not found to 

reliably predict for transplant complications (El Kassar, et al 2001).

Newer assays are being developed which hope to provide additional and reliable, 

predictive information prior to transplantation (Imami, et al 1998, van der Meer, et al
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1999). Ideally a functional test should be rapid and include reactions due to non-HLA 

genetic factors as well as identifying permissive mismatches.

Section 4: The clinical impact of matching for HLA Class I and II

As mentioned above, serological tissue typing techniques only very superficially 

identify the enormous degree of polymorphism exhibited at the HLA loci. Thus 

typing at DNA level is essential to uncover all allelic differences which exist at any 

polymorphic locus between recipient and donor. In the past, when employing only 

serological (or even medium resolution) typing techniques pre-transplantation, many 

mismatches remained ‘hidden’, thus making the interpretation of transplant 

outcomes, based on HLA matching status, confusing and inaccurate. As tissue typing 

techniques have improved, and from a number of retrospective studies, it has become 

clear that comparisons between groups, and the impact of a single HLA locus on 

outcome cannot be accurately stated unless assessed on the background of an 

otherwise complete HLA match. It has also become clear that extremely large 

numbers of pairs are necessary to evaluate the impact of a single type of mismatch 

(on a matched background) -  given the very nature of donor selection.

It has been shown, in addition, that a phenotypic match does not always result in a 

genotypic match. Pairs serologically matched pre-transplantation for HLA-A, -B  and 

-DRBl have been found to be allele mismatched (at these loci) in up to 27% of cases 

(Sasazuki, et al 1998, Scott, et al 1998a). In one study (Varney, et al 1999) 40% of 

ABDR serologically matched pairs were found to be mismatched for HLA-A, -B, 

-C , -D RB l, -D Q Bl at allele level. Of 364 DRBl serologically matched transplant 

pairs, 59 were found to be mismatched at allele level (Petersdorf, et al 1995). In 

addition, 78% of samples encoding two distinct HLA-C alleles (by sequencing), had 

only one type assigned serologically (Petersdorf, et al 1994) due to antigenically 

‘silent’ alleles.
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That HLA matching influences the outcome in UD-HSCT is generally accepted. 

What remains unclear is not only the extent to which transplant pairs are required to 

be matched, but also the relative importance of mismatches at individual loci. There 

is now strong evidence for a significant impact due to the five main HLA loci: 

HLA-A, -B, -C, -D R B l, -DQBl. Conversely, there is little clinical evidence for an 

impact due to the Class II a-chain polymorphism or that seen at DRB3, 4, 5. Multiple 

HLA mismatches are clearly associated with increased complications and decreased 

overall survival following transplantation (in particular if they involve mismatches at 

both Class I and Class II).

In preliminary data from the 13̂  ̂IHW, which included an analysis of 2399 transplant 

pairs (with high resolution typing data for HLA-A, -B, -C , -D RBl, -DQBl), it has 

been shown that the best outcome was observed in those pairs that were completely 

matched for 10/10 alleles and that the outcome deteriorated in a stepwise manner with 

increasing numbers of HLA mismatches (Petersdorf, et al 2004). It was also observed 

that single locus mismatches may be well tolerated (with regards to overall survival), 

however this differed according to the ethnicity of the population studied. For 

example, in the ‘Asian’ cohort (submitted by Japanese Marrow Donor Program 

(JMDP) centres. Department of Internal Medicine, Japanese Red Cross Nagoya First 

Hospital, Japan) single HLA-A mismatches were significantly associated with 

decreased overall survival, whereas HLA-A mismatches were well tolerated in the 

‘Caucasoid’ cohort. It is interesting to note that the majority of HLA-A mismatches 

in the Asian group are intra-allelic e.g. A*0207/*0206 or A*0201/*0206 allele 

mismatches (in fact, 76% of all HLA-A mismatches were intra-allelic mismatches 

involving A*02). In contrast, HLA-A mismatches seen in the Caucasoid group were 

inter-allelic in more than half of the pairs (and only 15% of the mismatches involved 

A*02 subtypes, in almost all cases one of the alleles being A*0201). The opposite 

situation was observed with HLA-C mismatches (thus, an HLA-C mismatch was 

‘tolerated’ in the Asian cohort, but not in the Caucasoid). Thus the ethnicity and 

racial background of the cohort being studied are likely to have a great impact on the
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outcome seen, due in part to the striking differences in antigen, allele and haplotype 

frequencies present

The first two large studies to consider transplant pairs typed to allele level at five loci 

were reported in the mid-nineties from the JMDP and the Fred Hutchinson Cancer 

Research Centre (FHCRC) in Seattle. The study from Japan reported on 440 patients 

who received UD-HSCT for a variety of haematological diseases. Matching at 

HLA-A was associated with significantly better overall survival. There was a 

significant increase in severe aGvHD in the presence of an HLA-A or -C  mismatch. 

In addition, a match at HLA-C was shown to be associated with a higher rate of 

disease relapse. When mismatches in the Class II alleles were considered, on a 

background of HLA-A and -B  matching, they were not found to be significant risk 

factors for aGvHD or death (Sasazuki, et al 1998).

The study from the FHCRC in the same year, considered a cohort of 300 patients 

with CML who had received UD-HSCT. Single or multiple Class I allele mismatches 

did not have a significant impact on severe aGvHD, but multiple Class I mismatches 

did predict for graft failure and decreased overall survival. Although not significant, 

recipients with a single Class II mismatch appeared to have a higher risk of aGvHD 

than matched recipients. Mismatches for Class I and Class II were significantly 

associated with a worse overall survival, increased graft failure and severe aGvHD 

(Petersdorf, et al 1998). This study showed that single HLA Class I or II allele 

mismatches were not associated with a worse overall survival than matched 

transplants, suggesting that these may be tolerated.

A later study, from France, reported a significantly better overall survival in 

recipients who received a transplant matched at allele level. The authors did not 

comment on the impact of single locus mismatches or Class I versus Class II 

mismatches (perhaps non-significant due to the small number (69) of pairs included 

in this paper) (El Kassar, et al 2001).
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The JMDP have published a follow up to their earlier report, now including 1298 

unrelated donor pairs with high resolution tissue typing at five loci (Morishima, et al 

2002). This study confirms and extends their previous observations. The key finding 

remains the association of a mismatch at any Class I locus with increased aGvHD (in 

addition the risk is cumulative). HLA-A or -B mismatches were also significantly 

associated with increased cGvHD and reduced overall survival. In contrast, 

mismatching at Class II was not found to be associated with GvHD or overall 

survival. Unlike the previous report, they were not able to detect a correlation 

between HLA-C mismatches and disease relapse. Once again the deleterious impact 

of multiple mismatches, on all outcome measures, is made.

Most recently published is a study including 1874 UD pairs who had transplants 

performed under the auspices of the NMD? between 1988 and 1996 (Romenberg, et 

al 2004). The analysis demonstrates a significant survival disadvantage and increase 

in severe aGvHD in pairs mismatching for any Class I locus or for DRBl. Conversely 

there is no impact of DQBl mismatches on these outcomes. Multiple mismatches are 

associated with the worst outcome. Although they found a greater effect due to low- 

resolution mismatches (by implication antigenic) than due to high-resolution 

mismatches (allelic), there is still a worse outcome in those with high resolution 

mismatches compared to those with no mismatches.

Others studies have not, in general, either considered all the relevant alleles or typed 

all alleles using DNA methodologies. Although these have shown that matching at 

HLA-DRBI (Hansen, et al 1998, Petersdorf, et al 2001c, Petersdorf, et al 1995) and 

DQBl (independent of a match at DRBl) (Petersdorf, et al 1996) or HLA-A (Leung, 

et al 2001), reduces the risk of aGvHD, and/ or increases overall survival, they should 

be interpreted with caution on account of the above mentioned limitations.

In addition to an impact on overall survival and GvHD, certain quantitative or 

qualitative mismatches have been associated with other complications such as 

engraftment and disease relapse. Both myeloid and platelet engraftment have been
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shown to be more prompt in patients who are matched at least at HLA-A, -B  

(serological) and -DRBl (Davies, et al 2000).

Graft failure and disease relapse have been shown to be associated with HLA-C 

matching (Petersdorf, et al 1997, Sasazuki, et al 1998). One explanation for the role 

that HLA-C may play in graft rejection and disease relapse relates to the interaction 

between HLA-C and the receptors expressed on NK cells, KIRs. If the recipient and 

donor are mismatched for Class I alleles (especially HLA-C), the recipient’s Class I 

alleles may not block the donor NK cells. Thus, NK cell cytotoxicity will be triggered 

and may result in donor alloreactive NK cells being generated. Therefore, HLA-C 

may be involved in the regulation of NK-mediated lysis of target cells (either residual 

leukaemic cells recognized by the graft, or graft cells which are recognized by the 

recipient T or NK cells.). This may be of particular importance as NK cells are 

amongst the first cells to reconstitute following HSCT (Shilling, et al 2003). In the 

TCD setting, NK cell effects may predominate (i.e. not be overshadowed by the more 

vigorous T cell effects).

In haplo-identical transplants (from related individuals) it has been shown that NK 

cells are alloreactive in the presence of KIR ligand incompatibility and that these cells 

could eliminate leukaemic relapse and graft rejection, without resulting in GvHD 

(Ruggeri, et al 2002). A study of 175 recipients of unrelated donor HSCT (Davies, et 

al 2002) failed to confirm these observations, in contrast they showed a trend towards 

an increase in severe GvHD in those with a KIR ligand incompatibility as well as a 

significant survival disadvantage. However, a later study (Giebel, et al 2003) showed 

that in UD-HSCT where AT G was uniformly used as part of the pre-transplant 

conditioning, overall survival and disease-free survival were significantly better in the 

KIR disparate group. Although a full explanation for these differing effects is 

outstanding, it seems that the reasons may include: the different disease groups 

treated, the use of T cell depletion (in particular with ATG), the type of post

transplant immunosuppression and the CD34 cell dose infused.
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Class I and II alleles and antigens

As a general rule, the difference between HLA allele and antigen mismatches lies in 

the fact that antigen mismatches are characterised by amino acid substitutions 

important in both peptide binding and T cell recognition, whereas allelic mismatches 

are characterised by amino acid substitution only in the peptide binding regions 

(Bjorkman, et al 1987). It has been shown that while a single HLA Class I antigen 

mismatch significantly increases the risk of graft rejection, a single allele mismatch is 

tolerated. This risk was exacerbated if the recipient was HLA homozygous at the 

mismatched HLA locus (Petersdorf, et al 2001b). In a study of the impact of DQBl 

mismatches (in the context of serologically matched pairs for HLA-A, -B), the 

transplant pairs had been typed to medium resolution for DRBl pre-transplantation, 

and selected only if matched. In the analysis the impact of DRBl mismatching on 

aGvHD was seen to be less than that with DQBl mismatching. A possible 

explanation for this finding is that all of the mismatches for DRBl were allelic, in 

contrast to those at DQBl which were, in addition, antigenic (Petersdorf, et al 1996).

Class I and II hypervariable regions

Although some have suggested that antigenic mismatches appear to be associated 

with more complications than allelic mismatches, it is not yet clear if the nature of the 

mismatch, or the number of amino acid substitutions present in a particular 

mismatched pair, significantly impacts on outcome. The concept of ‘permissive’ and 

‘non-permissive’ HLA mismatches is one which has begun to be explored in UD- 

HSCT, and has its background in solid organ transplantation (van Rood, et al 1993). 

This type of analysis takes into account amino acid sequence polymorphisms as 

critical components of immunogenic epitopes that can elicit alloantibodies. These 

sequences are therefore found in positions accessible to alloantibodies (the a-helices 

and |3-loops) (Duquesnoy 2002). These antigenic determinants have been 

serologically defined as private and public (or cross-reactive antigen groups, CREG) 

epitopes and they have been extensively utilised in studying the impact of HLA 

matching in solid organ transplantation, especially in highly immunised patients 

(Takemoto, et al 1997). In addition, computer programs have been generated which
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can predict the number and type of mismatch present, thus removing the need for 

extensive serum screening (http://tpis.upme.edu) (Duquesnoy 2002). These 

algorithms have been shown to be clinically useful in a renal transplant setting 

(Duquesnoy, et al 2003).

This type of analysis may be of particular relevance in the HSCT setting as the 

immune response can occur in both directions (i.e. the graft versus host response as 

well as the host versus graft response), and both may result in a deleterious transplant 

outcome. A recent software tool, Histocheck, has been developed in order to attempt 

to estimate the allogeneic potential between HLA mismatched stem cell 

donor/recipient pairs (http://www.mh-hannover.de/institute/transfusion/histocheck) 

(Eisner, et al 2004). A score is generated for any given single allele mismatch. This is 

based partially on whether the polymorphic positions are involved in TCR or peptide 

binding, and also scores according to the similarity between the single pairs of 

exchanged amino acids as measured by the distance matrix (Risler, et al 1988). This 

scoring system is not based on any clinical outcome data. In particular it does not take 

into account any individual amino acid mismatches which might be thought to impact 

significantly on outcome. One group have considered the presence and nature of a 

mismatch at position 116 of the HLA Class I heavy chain on transplant outcome 

(Ferrara, et al 2001). In 100 recipients of UD HSCT, they found a significant increase 

in grade III/IV aGvHD and TRM in those pairs who had a substitution at amino acid 

position 116. Amino acid 116 forms the floor of the F pocket, specifically interacting 

with residue P9 of the bound peptide (Silver, et al 1992). Thus, differences in the 

amino acid present at this position may modify the set of bound peptides, and hence 

impact on T cell recognition. Although the authors felt their study group was too 

small for such an analysis, they suggest that the type of amino acid substitution at this 

position may have additional impact on transplant outcome. Naturally there are other 

key amino acid positions within the Class I molecule which warrant similar study and 

analysis, both to assess their impact on complications, but also to uncover any 

cumulative effect due to multiple mismatches (Ferrara, et al 2001, Petersdorf, et al 

2001b).
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The clinical impact of specific Class I and II alleles

Although, as we have seen, precise matching between donor and recipient is an 

important determinant of transplant outcome, it has also been suggested in a number 

of studies that the actual HLA allele of the patient is important too. Unfortunately the 

studies published do not have coherent findings, and all to date have been performed 

in sibling donor transplants. An example is HLA-B7 which was found to be 

associated with an increase in grade II-IV GvHD in one study (Remberger, et al 

2002b), but a decreased incidence of GvHD in another (Smyth, et al 1993). Other 

HLA types which have been correlated with an increased risk of GvHD are A 10 

(Remberger, et al 2002b), A3 (Clark, et al 2001), A26 (Weisdorf, et al 1991), B18 

(Storb, et al 1983) and B44 (Smyth, et al 1993); and with a decreased risk of GvHD 

are B27 (Remberger, et al 2002b), B8, B35 (Storb, et al 1983), DRl (Clark, et al 

2001) and DR3 (Weisdorf, et al 1991). The study populations are disparate in these 

reports which may explain some of the variation between them. There are a number 

of possible explanations for the impact of the patient HLA allele on outcome. One 

may be the presence of mHags which show varying degrees of HLA restriction (see 

below). Alternately, or in addition, this may reflect the activity of other MHC-linked 

genes which modulate the effect of non-specific inflammatory mediators (and which 

may differ between different ethnic groups).

Section 5: HLA-DPBI

The characterisation and analysis of HLA-DPBI lagged behind that of the other 

classical transplantation loci for a number of reasons.

First, the DP series of antigens were defined after the other Class II antigens had 

already been reasonably well characterised. HLA-DP was first described using the 

primed lymphocyte test (PLT), which involves the rechallenge of cells initially 

primed in the MLR (Shaw, et al 1980). This was technically demanding, reagents 

were not readily available and the PLT recognised only a fraction of the possible
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alleles, as evidenced by most series obtaining a gene frequency of blanks of 10-45% 

(Olerup, et al 1990).

Second, DP mismatching is predicted to be of less importance than that of the other 

Class II loci based on what is known of the role of DP in antigen specific and 

alloreactive T cell responses (Potolicchio, et al 1996). This may be explained by the 

lower levels of DP expressed by HLA Class II positive cells, or it may differ from the 

other Class II loci in other ways. However, there is evidence that HLA-DP does play 

a role in immunogenicity. An association has been shown between certain DPBl 

alleles and susceptibility to particular diseases (Begovich, et al 1989, Bugawan, et al 

1989, Tonks, et al 1992, Yu, et al 1998). In addition, DP region products have been 

shown to act as restriction elements for T cell recognition of viral products, as well as 

peptides derived from other HLA molecules (Higgins, et al 1992, Moreau and 

Cesbron 1994).

Third, unlike the strong positive LD exhibited between the other HLA loci, there is 

weak LD between HLA-DP and the rest of the HLA Class II molecules (Begovich, et 

al 1992) thus lowering the probability of finding a donor who is matched at DP in 

addition to the other five HLA loci. A study investigating the mismatch frequency of 

this locus, in sibling donors, has reported a figure of 5.31% (Buchler, et al 2002). 

HLA-DP incompatibility has previously been reported to be as high as 10.9% in 

siblings (Nomura, et al 1991). Studies, in unrelated donors, have investigated the 

probability of having a match at DPBl, when retrospective DNA typing on 

transplanted pairs has been performed, and the incidence of mismatching is reported 

at between 75% and 89% (Hurley, et al 2000, Petersdorf, et al 2001a, Varney, et al 

1999).

The Impact of DPBl in Haematopoietic Stem Cell Transplantation 

Clinical studies
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For the reasons listed above, the impact of HLA-DPBl as a transplant antigen, is 

only recently becoming clearer. Some reports from the late 1980s and early 1990s 

suggested that DPBl does play a significant role in the incidence of transplant 

complications (in particular GvHD) (Odum, et al 1987), while others did not (Moreau 

and Cesbron 1994, Petersdorf, et at 1993). However, these studies had limitations due 

to low patient numbers or due to the tissue typing practices at the time (e.g. 

serological typing at Class I). Even more recent, larger studies (though still without 

complete allele level tissue typing, thus potentially masking allele mismatches) have 

questioned the significance of DPBl mismatches (Petersdorf, et al 2001c).

In contrast, studies reporting transplant outcome in pairs with high resolution tissue 

typing, and ensuring that matching is considered on an otherwise HLA matched 

background, have shown significant findings which suggest that HLA-DPBl does 

play a role in allo-reactivity following HSCT. A study from Australia (Varney, et al 

1999) reported a significantly beneficial effect on patient survival in 36 patient/donor 

pairs who were matched for HLA-DPBl. There was also an increase in the severity 

of acute GvHD in those pairs where any mismatch for DPBl was present (however 

this part of the analysis was in a larger group only serologically matched at some 

alleles). No relapse data is presented. A study from Seattle (Petersdorf, et al 2001a), 

in recipients of T cell replete UD-transplants performed for CML, found a significant 

increase in the risk of clinically severe acute GvHD in 200 recipients if HLA-DPBl 

was mismatched. A single HLA-DPBl disparity did not affect the severity of 

aGVHD, but the presence of two HLA-DPBl disparities was associated with more 

severe aGvHD than in patients with no disparity. Mild aGvHD (grade 1-2) was not 

increased in recipients with one or two HLA-DPBl disparities. There was, however, 

no survival advantage due to matching for this locus demonstrated in the study. 

Relapse data or the use of DLI was not reported. A study by Loi seau et al (Loi seau, et 

al 2002) in 57 recipients of UD HSCT for a mixture of diseases, found two DPBl 

disparities to be a risk factor for severe acute GvHD. In addition it was shown that 

two DPBl disparities predicted for worse overall survival, which could not be
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entirely explained by the impact of increased GvHD. There was no impact seen on 

disease relapse.

More recently, an algorithm for DPBl matching has been suggested, based on the 

alleles recognised by T cell clones isolated from one individual at the time of 

rejecting their graft from a mismatched family donor (Zino, et al 2004). This 

algorithm was tested retrospectively on 118 recipients of HLA-A, -B , -C, -D RBl, 

-D Q Bl matched, but DPBl disparate, unrelated transplants. They report an increase 

in grade II-IV aGvHD and TRM in the recipients who received grafts with ‘non- 

permissive’ mismatches. There was a suggestion of better overall survival in the 

patients with ‘permissive’ mismatches.

Functional studies

In addition to the statistical analysis of the increased incidence of GvHD mentioned 

above, there is also functional evidence of the role of DPBl in aGvHD. HLA-DP 

specific T cells have been isolated from skin biopsies at the onset of GvHD in 

HLA-DP mismatched (but otherwise HLA matched) transplants (Gaschet, et al

1998). The authors described the presence of a single DPBl mismatch (DPBl*1001) 

which prompted the development of activated T cells specific for this DPBl allele in 

the skin lesions. They suggest that, in addition, this shows DPBl to be a potential 

target for the GvL reaction. Further evidence for the GvL effect being mediated, in 

part, by DPBl was reported by Ibisch et al (Ibisch, et al 1999). They showed that 

DPBl was expressed on the majority of leukaemic cells, which were able, in addition, 

to be killed by allogeneic HLA-DP-specific T cells. Anti-DP monoclonal antibodies 

were used to confirm the specificity of the killing.

DPBl hypervariable regions

In the HLA-DPBl gene there are six hypervariable regions (HVR) in exon two, 

which encodes for the p i domain. Each DPBl allele is characterised by a specific 

combination of the sequences of these six regions. It has been suggested that the PLT 

response correlates with particular amino acid differences in the HVRs, such that not
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all DP mismatches are ‘equal’ in terms of their ability to elicit a T cell response 

(Naruse, et al 1995).

Amino acid position 69 is located within the fourth HVR and there is a great deal of 

evidence to show that the amino acid present at this position has an important role to 

play in the immunogenicity of this locus. Although there is not as yet a crystal 

structure of the HLA-DPBl molecule, a comparison of HLA-DRBl and -D PBl 

sequence alignments indicates that position 69 in DPBl is homologous to position 71 

in DRBl (Marsh 1998), in view of a two amino acid deletion in the p chain of DPBl. 

The residue at DRBl 71 points into the peptide-binding groove and is known to be 

critically important in T cell recognition (Sterkers, et al 1989) and may also have an 

impact on peptide binding (Krieger, et al 1991). A glutamic acid substitution at 

position 69 in DPBl has been associated with a number of diseases (Lombardi, et al 

2001, Lympany, et al 1996, Richeldi, et al 1993, Rihs, et al 1996). Thus, Glutamic 

acid may influence the peptide which is bound in the groove, thus impacting on the 

CD4+ T cell receptor recognition of the peptide.

Functional assays have been important in attempting to understand the impact of 

mismatches at the amino acid level in the Class II molecule. Both Helper T 

Lymphocyte precursor (HTLp) and MLR assays have been used for this purpose. 

Although the DR region gene products are thought to be the primary stimulating 

molecules in the MLR and HTLp assays, DP molecules do appear to some extent to 

be stimulators of the responses seen (Amar, et al 1987, Penzes, et al 1998, 

Schroeijers, et al 1988). It is however also recognised that a number of DP 

mismatches may result in a negative MLR response (Awdeh, et al 1995, Cesbron, et 

al 1992, Biermann, et al 1992, Farrell, et al 1988, Pawelec, et al 1982), thus 

emphasising the relevance of the type of DP mismatch (i.e. at amino acid level).

Using an HTLp assay in unrelated donors, allele matched for DRBl and serologically 

for Class I, Potolicchio et al (Potolicchio, et al 1996) saw no significant differences in 

the frequency of IL-2 producing cells. They next looked at the influence of particular
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amino acid positions and found a significant correlation between HTLp frequencies 

and amino acid differences at position 69. A study by Nicholson et al (Nicholson, et 

al 1997) examined the MLR in 50 HLA-A, -B , -D R and -D Q  matched pairs. 

Predictably they found a low incidence of DP identity between the pairs. They found 

a significant difference in the range of relative responses (RR) between the pairs with 

no DPBl mismatches and those with mismatches. Interestingly, there was no 

difference in the RR seen between one or two allele mismatches. In addition, they 

showed an important role for the presence or absence of a glutamic acid residue at 

position 69, with this type of mismatch giving highly significant increase in RR. 

There were, however limitations to this study, the Class I loci (HLA-A and -B) were 

only typed at a serological level and HLA-C typing was not performed at all. It is 

important to have allele level matching at Class I in addition to Class II as it is 

possible that Class I difference could stimulate a low level of reactivity in the MLR 

(Nicholson, et al 1997).

A study by Olerup et al (Olerup, et al 1990) found significantly higher RRs in MLRs 

from DP incompatible individuals, and found that this was twice as high in those 

pairs with two mismatches as compared to those with one mismatch. They did not 

report on specific amino acid differences in their study. Once again the tissue typing 

performed at the other loci was not of high enough resolution to exclude allelic 

mismatches (and typing for HLA-C was not included).

It may also be possible to predict outcome simply by assessing the mismatches at a 

sequence level. In kidney transplantation, the number of matches for DPBl have been 

accessed in each of the six HVRs, on an additive basis, and correlated with clinical 

outcome. It has been shown that patients with more than three epitope mismatches 

have significantly worse graft survival than those with less than two mismatches 

(Laux, et al 2003).
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Section 6: The Clinical Impact of Matching for non-HLA genetic factors

Even when the MHC loci are identical between the donor and the recipient, GvHD 

and graft rejection may still occur. Thus, it is likely that other genetic factors exist, 

which may be mismatched between recipient and donor, and which may mediate 

transplant complications.

Minor Histocompatibility Antigens

mHags are immunogenic peptides derived from polymorphic cellular proteins. These 

peptides bind to HLA antigens (many in an HLA restricted manner) and can be 

recognised by allogeneic T cells. They are only of clinical importance if they are 

immunogenic and occur at a moderately frequent distribution in the population 

(Goulmy, et al 1996). To date, most studies of the influence of mHags in HSCT have 

been done in HLA-identical sibling transplants. Best studied are the non-sex-linked 

HA antigens which are presented in the context of HLA-A 1 or A2 and the male 

specific antigen H-Y presented in the context of HLA-A2 and -B7. HA-1 and -2  are 

expressed only on cells derived from the haematopoietic precursors (including 

dendritic cells), while H-Y antigens occur on haematopoietic and non-haematopoietic 

cells (Goulmy, et al 1996).

Mismatches at HA-1, -2, -4, -5 and -8 have been shown to correlate with the 

occurrence of GvHD in recipients of HLA identical sibling transplants (Akatsuka, et 

al 2003, Goulmy, et al 1996). There is indirect evidence to support the role of H-Y as 

a mHag relevant in both GvHD and GvL following HLA-identical transplantation for 

CML (Gratwohl, et al 2001). Specific CTLs against HA-1 and H-Y have been 

detected early post transplant. They are seen to increase significantly with the 

occurrence of GvHD, and to decrease with successful treatment of the GvHD (Mutis, 

et al 1999). Pre-transplant typing of these antigens may be helpful in prediction of 

immunogenic complications (Dupont 1998, Goulmy, et al 1996). In addition, a 

therapeutic role in enhancing the GvL effect has been shown to be possible (Simpson, 

et al 1998).

54



Cytokine Gene Polymorphisms

The proinflammatory cytokines, their receptors and related inhibitors have been 

implicated in a large number of immunological diseases, including GvHD following 

allogeneic HSCT. There are hundreds of Single Nucleotide Polymorphisms (SNPs) 

found in the regions of DNA encoding the cytokine genes and their promoter regions. 

These may be important for a number of reasons, but especially if they result in a 

variation in the functional level or activity of the cytokine produced. Numerous 

studies have reported on aspects of disease and treatment responses related to the 

cytokine polymorphisms in an individual (Waterer and Wunderink 2003).

Cytokine gene polymorphisms studied in the transplant context include 

Interleukin-10 (IL-10), the Interleukin-I (IL-1) gene family, Interleukin-2 (IL-2), 

Interleukin-6 (IL-6), interferon-y (IFNy), TGF-(3 1 and TGF-j3 1 receptor (Cavet, et al 

2001, Cavet, et al 1999, Cullup, et al 2003, Cullup, et al 2001, Hattori, et al 2002, 

Lin, et al 2003, MacMillan, et al 2003a, MacMillan, et al 2003b, Middleton, et al 

1998, Nordlander, et al 2002, Takahashi, et al 2000). Not all of these polymorphisms 

have been studied in the unrelated donor stem cell transplant setting.

TNFa polvmorphisms

TNFa is a proinflammatory cytokine that is released due to damage to host cells 

during radiotherapy and chemotherapy conditioning (Xun, et al 1994). TNFa 

increases MHC expression, facilitates cell mediated cytotoxicity and is itself 

cytotoxic via apotosis (Piguet, et al 1987).

Polymorphisms within the promoter region of the TNFA gene have been shown to 

result in alterations in the levels of TNFa produced. In particular, the allele having a 

substitution of an adenine (A) for the guanine (G) at position -308 has been reported 

to result in a two fold greater level of transcription (Kroeger, et al 1997) and in 

higher TNFa levels in-vivo (Juszczynski, et al 2002, Nordlander, et al 2002). Though 

less well characterised, it has also been suggested that an A at position -238 is 

associated with alterations in TNFa levels. This polymorphism is located within a
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region of the promoter with a sequence similar to the Y box, a regulatory motif 

typical of the promoter region of HLA Class II genes (D'Alfonso and Richiardi 1994). 

The Y box is essential for HLA Class II promoter transcriptional activity, and it has 

been reported that a single nucleotide polymorphism of the HLA-DQBl promoter 

causes alterations in transcriptional activity (Haas, et al 1995). Thus, a similar effect 

may occur in the TNFA promoter region.

A number of microsatellite repeat sequences have been mapped around the TNFa 

gene locus (Udalova, et al 1993). One of these is TNFd, a (GA)n-repeat sequence, the 

d3 allele of which has been associated with a higher production of TNFa (Turner, et 

al 1995). The impact of these genetic factors on transplant outcome has been studied 

by some groups. With regards to the polymorphism at position -308, the presence of 

an ‘A ’ has been associated with transplant complications in some studies (Mayer, et 

al 1996, Takahashi, et al 2000), but not in others (Middleton, et al 1998, Nordlander, 

et al 2002). There are no transplant studies published about the impact of position 

-238, however, a number of other single nucleotide polymorphisms (SNPs) have 

been reported to impact on transplant outcome (Ishikawa, et al 2002). The presence 

of particular TNFd microsatellite alleles has been associated with aGvHD 

(Middleton, et al 1998, Nordlander, et al 2002) and early mortality (Cavet, et al

1999) in HLA-identical sibling transplants, but not in unrelated donor transplants 

(Nordlander, et al 2002). A proportion of the reactivity seen in CTLp assays in 

unrelated individuals, has been associated with mismatching for a particular TNF 

microsatellite which may predict for GvHD post transplantation (Hanifi Moghaddam, 

et al 1998).

Section 7: The Clinical Impact of Matching for patient/donor characteristics

Age, gender, parity and CMV serostatus of the donor

There is controversy about the relative importance of these donor factors on 

transplant outcome, with some studies reporting a significant impact due to a 

particular factor, but others showing no impact at all. Younger and male donors tend
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to be preferred due to the ability to yield higher cell numbers (Buckner, et al 1984) 

and to be associated with less GvHD (Kollman, et al 2001). A large NMDP analysis 

found younger age to be the only significant donor factor to affect overall survival 

irrespective of the recipient age (Kollman, et al 2001). That older donors may predict 

for increased GvHD suggests that tolerance may decrease over time, with increased 

replacement of naïve T cells by memory T cells (Miller 1996). It has recently been 

suggested that the overall survival in older patients (>39yrs) may be better if 

transplanted with stem cells from a younger unrelated donor as compared to an older 

sibling donor, in the context of a five locus HLA match (Ottinger, et al 2003). Female 

donors may be associated with a higher incidence of GvHD due to immunisation 

during previous pregnancies or, in the case or female into male donation, the presence 

of sex-linked mHags. Female into male grafts have shown an association with 

aGvHD (in fully HLA matched pairs) (Hansen, et al 1998, Petersdorf, et al 1996). 

Multiparous women have been associated with a higher incidence of chronic GvHD 

(Kollman, et al 2001). In addition, the use of male donors has been associated with 

faster neutrophil engraftment (Davies, et al 2000, Kollman, et al 2001). The impact of 

donor CMV status is the subject of some controversy. Historically a CMV negative 

donor has been preferred (to prevent transfer of infection), even in a seropositive 

recipient (LJungman, et al 2003, Meyers, et al 1986), although some groups in the 

1980s did suggest the use of a CMV positive donor to be associated with a decrease 

in CMV morbidity and mortality in CMV positive recipients (in HLA-identical 

sibling transplant) (Grob, et al 1987). In a CMV positive recipient, a CMV positive 

donor will transfer immunity (CMV-specific T cells) to the recipient, thus controlling 

reactivation and preventing CMV disease directly, as well as potentially abrogating 

the immunosuppressive effects of active/ replicating CMV, and thus improving 

overall survival. Therefore, it is now suggested by some groups that choosing a CMV 

positive donor for a CMV positive recipient in the unrelated donor T cell replete 

HSCT setting is more appropriate (Kroger, et al 2001, LJungman, et al 2003). For a 

CMV negative recipient, a CMV positive donor has been reported to be associated 

with an increased mortality due to invasive bacterial and fungal infections in T cell 

replete related and unrelated donor transplants (Nichols, et al 2002). Not surprisingly.
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the effect of donor CMV status has been seen to disappear when the inoculum is 

vigorously T cell depleted (Craddock, et al 2001, LJungman, et al 2003). No donor 

factors have been reported to significantly affect disease relapse.
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Chapter 2: Materials and methods

Patient/donor recruitment

All donors provided by the Anthony Nolan Trust (ANT) and their recipient, if 

transplanted in the UK, were considered eligible for inclusion in this study. The 

timing of each transplant was obtained from the Operations Department (CD) at the 

ANT. Requests, sample tubes and information was sent to a contact person at each 

centre (see appendix 1). Informed consent (see appendix 2) was obtained by the 

harvest or transplant physician at each individual centre prior to obtaining the 

samples requested.

Normal donors, from the ANT panel, were approached to provide blood samples for 

the functional study of DPBl (ELISpot assays). These donors were identified from 

the panel as they were homozygous for the common Caucasoid HLA haplotype: 

A*0101, Cw*0701, B*0801, D R B l*0301, D Q B l*0201. Informed consent (see 

appendix 2 ) was obtained by the practitioner who took the blood sample.

Collection of samples

Harvest Physicians obtained blood samples from the donor at the time of the medical 

examination. When samples could not be obtained at the medical they were requested 

at the time of the stem cell harvest. Patient samples were obtained from the transplant 

centre (TC) when the patient was admitted to begin their conditioning regimen.

A 50 ml sample of blood was requested from each individual, however if the 

physician deemed this unreasonable in individual cases (e.g. children or patients 

having many other samples taken) any smaller amount was acceptable. Of the sample 

taken, 40 ml was placed in transport medium: 168 ml of Trisodium citrate (3.3%) in 

700 ml of RPM I-1640 (containing glutamine) (BioWhittaker, Walkersville, 

Maryland, USA), with 7 ml of 5 p.M mercaptoethanol; and 10 ml was collected in
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EDTA (1.6 mg/ml of blood). All harvest centres, and any London transplant centre, 

sent the blood samples back to the Institute by courier. Blood samples from outside 

London were sent by Royal mail.

Processing of samples

Separation of peripheral blood mononuclear cells

The 40 ml of blood in transport medium (1:1 dilution) was used to obtain Peripheral 

Blood Mononuclear Cells (PBMCs) using the Lymphoprep gradient cell separation 

system (Robbins Scientific, Sunnyvale, CA, USA). Each Universal tube (Bibby 

Sterilin Ltd., Staffordshire, UK) containing 10 ml of Lymphoprep had 10-15 ml of 

blood layered onto it. This was centrifuged at 2200 rpm for 22 minutes (with the 

brake released at 500 rpm) and the layer of PBMCs removed into 20 ml fresh 

RPMI-1640. The cells were then washed twice in a total volume of 50 ml 

RPMI-1640 and pelleted by centrifugation: first wash at 1800 rpm for 10 minutes, 

and second at 1600 rpm for 5 minutes. Cell counts were performed and the cells 

stored in liquid nitrogen (LN2 ) in HIPCS (Heat inactivated (at 56°C for 30 minutes) 

foetal calf serum. Serum Supreme, BioWhittaker) with 10% DMSO (Dimethyl 

Sulfoxide, BDH, Poole, UK) at a concentration of 10x10^ PBMCs/ml.

DNA extraction from blood

The 10 ml of blood in EDTA were used for the extraction of DNA and for storage of 

additional material as blood or plasma. Blood samples were centrifuged at 1600 rpm 

for 5 minutes. Plasma and packed red cells were placed in 1 ml aliquots in labelled 

cryovials (Nunc A/S, Roskilde, Denmark).

DNA was extracted using a salting-out technique (Miller, et al 1988). Between 1 and 

2 ml of blood was placed in a 15 ml Falcon tube (Becton Dickinson, Le Pont De 

Claix, France) and filled using Red Cell Lysis Buffer (RCLB; 10 mM Tris pH 8.0, 5 

mM MgCl2 , 10 mM NaCl -  made in house and sterilized by autoclaving). This was 

incubated at room temperature for 10 minutes. The cell lysate was then centrifuged
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for 10 minutes at 3500 g. The supernatant was discarded, the pellet broken up by 

vortexing and then resuspended in RCLB. These steps were repeated until such time 

as a white pellet and clear supernatant were obtained, indicating lysis of all red blood 

cells. To the pellet, 240 pi of distilled water and 80 pi of Enzyme Buffer (10 mM Tris 

pH 7.5, 10 mM EDTA pH 8.0, 50 mM NaCl) were added and the pellet was 

dissociated by manipulation with a 1000 pi Gilson pipette. Next 30 pi of 10 mg/ml 

Proteinase K (Sigma-Aldrich, St. Louis, MO, USA) and 20 pi 10% SDS (Sodium 

Dodecyl Sulfate Solution, Invitrogen, Scotland, UK) were added. The tube was then 

incubated in a water bath at 55°C for 45 minutes (or alternately left overnight in an 

incubator at 37“C). Following incubation, the cell lysate was transferred to a sterile 

1.5 ml microcentrifuge tube (Sarstedt, Nurembrecht, Germany). 100 pi of 5M NaCl 

was added and the tube vortexed for 15 seconds at high speed, then centrifuged at 

13000 g for 5 minutes. The supernatant was transferred to a new 15 ml falcon 

(Becton Dickinson) containing 1 ml of 99% ethanol and placed on ice. The solution 

was gently mixed until strands of genomic DNA were seen to precipitate. DNA was 

extracted from the tube by spooling onto a sealed glass pasteur pipette (Merck Ltd., 

Leicestershire, UK) before being allowed to air dry. Dried DNA was dissolved in 50- 

100 pi of sterile water. If the DNA failed to precipitate, the falcon was placed at 

-20°(C overnight after which it was spun at 13000 rpm for 20 minutes. The 

supernatant was discarded and the pellet resuspended in 50 pi of water.

Storage of samples

PBMCs were stored in a LN2  container dedicated only to the patient/donor project. 

The position of all samples was recorded in the BMT_DB (see below). For back-up 

purposes a hard copy was also kept. Blood and plasma were stored at -70°C in 

labelled cryovials. The position was recorded in the BMT_DB. Once DNA had been 

extracted this was stored at -20°C in boxes, according to the unique sample number 

generated in the BMT_DB.
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DNA quantification by Spectrophotometry

DNA purity was assessed by spectrophotometry using a UV/Vis Spectrophotometer 

(Perkin Elmer Life, Zaventem, Belgium). Optical density was measured at 260 nm 

and 280 nm to determine purity and concentration. Ideal purity was given as 

OD2 6 0 nm-0 ^ 2 8 0 nm = 1 61 . 8  and an ideal concentration of more than 200 ng/p.1. 

Samples of acceptable purity and concentration were stored at -20°C. In addition an 

aliquot of DNA was diluted to a working concentration of 200 ng/p.1 in sterile water.

DNA purification

Samples which were not of adequate purity were purified using GFX columns 

(Amersham Biosciences Ltd., Little Chalfont, UK). DNA was purified following the 

instructions provided with the GFX purification kit. Briefly, one GFX column was 

used per sample to be purified. This was placed into a labelled 1.5 ml collection tube, 

then 500 |li1 of Capture Buffer was added to the tube and a maximum of 100 pi of the 

sample to be purified was added and thoroughly mixed. The column and tube were 

centrifuged at 13000 g for 30 seconds. 500 pi of Wash Buffer was added to the 

column and it was centrifuged as previously described. The column was then 

transferred to a labelled microcentrifuge tube and 50 pi (or less, depending on final 

concentration required) elution buffer (sterile water for DNA) was added. The 

column was incubated at room temperature for one minute after which the column 

and microcentrifuge tube were centrifuged for a further minute and the DNA product 

was collected for storage.

Polymerase Chain Reaction

Patient/donor samples for HLA

All Polymerase Chain Reactions (PCR) were performed in a volume of 25 pi 

containing 0.5 -  2.5 pi of genomic DNA (200 ng/pl). For HLA Class I the reagents 

were prepared and stored as TDMH (lOX NH4  buffer, 12.5 mM dNTP, 50 mM
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MgClz, sterile water), while all were added individually for HLA Class II. These 

reagents were from Bioline, UK. Primers (Table 2.1) used had either been developed 

in house or previously published (Cereb, et al 1995). Exons 2 and 3 were amplified 

for HLA Class I (with the 5' and V  primers placed in intron one and intron three 

respectively), and exon 2 for HLA Class II (with the 5 ' and 3" primers placed in 

intron one and intron two respectively).

Table 2.1: Primers used for PCR of HLA loci

HLA locus Primer sequence

HLA -A 5"

y

GAAACSGCCTCTGYGGGGAGAAGCAA

TGTTGGTCCCAATTGTCTCCCCTCCTTGTGGGAGGC

HLA-B 5 '

y

GGGAGGAGCGAGGGGACCSCAG

GGAGGCCATCCCCGGCGACCTATAGGAGATGGGG

HLA -C 5 '

y

AGCGAGGKGCCCGCCCGGCGA

GGAGATGGGGAAGGCTCCCCACTGCC

H LA -D R B l 5 '

y

y

CCGGATCCTTCGTGTCCCCACAGCACG

CCGCCCCGCGCCGCGCT

CCGCCCGCGGCCATGCT

H LA -D Q B l 5 '

y

ACTGACTGGCCGGTGATTCC

AGAGGGGCGACGCCGCTCACC

H LA -D PB l 5 '

y

GAGAGTGGCGCCTCCGCTCAT

GCCGGCCCAAAGCCCTCACTC

The amplifications were carried out on a PTC-200 Peltier Thermalcycler (MJ 

Research, Watertown, Massachusetts, USA). PCR parameters, for all loci except 

DRBl, were dénaturation at 95“C for 5 minutes, followed by 32 cycles of 

dénaturation for 30 seconds at 95°C, annealing for 50 seconds at 65°C, extension for 

I minute at 72°C and a final extension of 8  minutes at 72°C. For DRBl PCR 

parameters were dénaturation at 95°C for 10 minutes, followed by 35 cycles of 

dénaturation for 50 seconds at 95“C, annealing for 50 seconds at 64°C, extension for 

50 seconds at 72°C and a final extension of 10 minutes at 72°C.
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The generation of a PCR product was confirmed after loading 5 |il (mixed with 1 pi 

of 5X loading buffer: 15% Ficoll, 0.25% Xylene Cyanol, 0.25% Bromophenol Blue 

in distilled water) onto a 2% agarose gel and running at 130 volts for 30 minutes. 

Ethidium Bromide (10 mg/ml) (Sigma-Aldrich) was added at 5 pi/100 ml of IX TBB 

(Tris-Borate EDTA, BioWhittaker) to the gel, allowing products to be visualised by 

ultra-violet light using a transilluminator. The size of the product was inferred by the 

inclusion of a molecular weight marker, XIV (Boehringer Mannheim, Germany) 

which has products ranging from 100 bp to over 2 KB, each band separated by 100 

bp.

Patient/donor samples for Tumour Necrosis Factor Alpha

PCR were performed in a volume of 25 pi containing 0.5 pi of genomic DNA (200 

ng/pl), 0.5 pi each of 5' and 3' primers (25 pMol), 0.75 pi of 50 mM MgClz, 0.4 pi of 

dNTP (12.5 mMol), and 0.15 pi of Tag polymerase (5U/pl). The amplifications were 

as described previously for HLA. PCR parameters were dénaturation at 94°C for 3 

minutes, followed by 35 cycles of dénaturation for 30 seconds at 94“C, annealing for 

50 seconds at 53°C, extension for 30 seconds at 72°C and a final extension of 5 

minutes at 72°C. The primers were chosen to amplify the entire promoter region as 

follows: sense 5 '-  TTCCTGCATCCTGTCTGG and antisense: 5 -

TGGGTGTGCCAACAACTGCC ( 5 -position: 681-697; 3 -position: 1056-1075; 

EMBL accession number: AY274897). Agarose gel electrophoresis was as described 

for HLA.

Reference Strand mediated Conformation Analysis for HLA loci

Reference strand mediated conformation analysis (RSCA) is a technique for the allele 

level typing of HLA alleles, which was developed at the Anthony Nolan Research 

Institute (Arguello, et al 1997). RSCA differs from other sequence based typing 

methodologies in that the HLA type is assigned on the basis of differences in DNA 

conformation between different heteroduplexes of HLA alleles. Locus specific PCR
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is performed on samples to be typed and the PCR product mixed with a locus specific 

Fluorescent Labelled Reference (FLR) strand. DNA molecules are allowed to 

reanneal and the duplexes formed are separated by non-denaturing polyacrylamide 

gel electrophoresis (PAGE). Only duplexes which possess the fluorescent labelled 

reference strand are detected using an automated DNA sequencer.

As many hetroduplexing techniques can be complicated by problems which include 

intra and inter gel variability, RSCA gels can be standardised in a number of ways. 

First, defined reference strands, of known sequence, are used for each locus allowing 

the assignment of a fixed mobility when this reference is hybridized to a particular 

allele. Second, an internal control can be added to each lane. These are DNA 

fragments of known sequence which can be allocated an arbitrary mobility (one 

slower and one faster than all the samples to be tested). Thus the gel can be aligned to 

these peaks resulting in predictability of allele mobility. Third, external controls 

(ladders) may be run on each gel. These take the form of a number of common alleles 

hybridised with FLR, running a fixed distance apart, which are loaded into the lanes 

flanking the samples prepared with the same FLR, once again allowing 

standardisation.

All reagents used for RSCA, as described below, were made in-house. 

B-Lymphoblastoid Cell Lines (B-LCL) used for the generation of FLRs, ladders and 

mobility tables were all kept and maintained by the ANRI (Neema Mayor) (Marsh, et 

al 1997). All cell line DNAs were used at a concentration of 200 ng/pil.

Preparation of Fluorescent Labelled References

Fluorescent Labelled References (FLRs) are fragments of locus specific DNA 

(generated by PCR using a Cy5 labelled sense or antisense primer (Pharmacia)), but 

otherwise an identical PCR protocol to that used for the samples) and thus are 

different for each of the genetic products for which typing was performed by RSCA. 

For DRBl an SSP reaction was carried out before the FLRs were generated in order 

to obtain a cleaner product. For HLA-C a different primer set was used for each FLR
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(Table 2.2). For each of the HLA loci the appropriate FLRs had been determined to 

optimise separation of alleles (Arguello, et al 1998). FLRs were generated from 

B-LCL known to be homozygous for the HLA locus of interest.

At least 2 FLRs were used for each locus:

HLA-A:

HLA-B:

HLA-C:

HLA-DRBl:

HLA-DQBl:

HLA-DPBl:

A*0102 (cloned template); A*0205 (cloned template) 

B*4201 (cloned template); B*4402 (cloned template) 

B*2705 (HOM); B*5701 (WJR076) 

DRB1*1001(REN); DRBl*0802 (SPL)

DQBl*0604 (WT47); DQBl*0603 (OMW)

D PBl*0202 (QBL); DPBl* 1501 (PLH)

Table 2.2: Primers used for PCR of Fluorescent Labelled References

HLA locus Primer sequence

H LA -A 5 ' Cy5-GAAACSGCCrCTGYGGGGAGAAGCAA

y TGTTGGTCCCAATTGTCTCCCCTCCTTGTGGGAGGC

HLA-B 5 ' Cy5-GGGAGGAGCGAGGGGACCSCAG

y GGAGGCCATCCCCGGCGACCTATAGGAGATGGGG

HLA -C

HOM 5 ' GAGCGAGGGGACCGCAGGCGG

y Cy5-GGAGATGGGGAAGGCTCCCCACT

WJR076 5 ' Cy5-GAGCGAGGGGACCGCAGGCGG

y GGAGATGGGGAAGGCTCCCCACT

H L A -D R B l 5 ' Cy5-CCGGATCCTTCGTGTCCCCACAGCACG

y CCGCCCCGCGCCGCGCT

H L A -D Q B l S ' Cy5-ACTGACTGGCCGGTGATTCC

y AGAGGGGCGACGCCGCTCACC

H LA -D PB l 5 ' Cy5-GAGAGTGGCGCCTCCGCTCAT

y GCCGGCCCAAAGCCCTCACTC
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Generation of Internal controls (bottom and top markers)

Primers for all internal controls are given in Table 2.3. For HLA-A, the top and 

bottom marker are the heteroduplex and homoduplex (respectively) of a hybridisation 

of a hybrid HLA-A*2501 exon 2 and Patr-A  exon 3 Chimpanzee MHC molecule 

(created by overlapping extension (Pel Freez, Brown Deer, WI, USA)) unlabelled 

PCR product and a short A*0102 Cy5 sense strand labelled PCR product. Plasmid 

cloned templates for both these amplicons were used (Pel Freez). 40 pi of Cy5 

labelled short A*0102 PCR was hybridised to 120 pi top marker allele PCR product. 

Next, 10 pi of Cy5 sense labelled short A*0102 product was added to the 

hybridisation product to increase the intensity of the bottom marker signal.

For HLA-B, the top and bottom marker are the heteroduplex and homoduplex 

(respectively) of a hybridisation of short HLA-B*4501 unlabelled PCR product and 

short HLA-B *4201 Cy5 sense strand labelled PCR product. Plasmid cloned 

templates for both these amplicons were used (Pel Freez). 40 pi of Cy5 labelled short 

B*4201 PCR product was hybridised to 120 pi top marker allele PCR product. Next, 

10 pi of Cy5 sense labelled short B*4201 product was added to the hybridisation 

product to increase the intensity of the bottom marker signal.

For HLA-C, the top and bottom marker are the heteroduplex and homoduplex 

(respectively) of a hybridisation of Cw*1601 (DNA from B-LCL PF97387) 

unlabelled PCR product (for primers see table 2.1) and B*5701 Cy5 sense strand 

labelled PCR product. DNA from B-LCL WJR076 (HLA-B*5701) was amplified 

using HLA-B specific primers Cy5 sense labelled (table 2.3). 6  pi of the B*5701 

FLR was hybridised to 18 pi of the concentrated Cw*1601 PCR product. Finally, 

additional B*5701 was added to the hybridisation product (ratio 16:1) to increase the 

intensity of the bottom marker signal.

For HLA-DRBl, the bottom marker was produced by amplifying a 185 bp fragment 

corresponding to MICA*006 exon 5 using genomic DNA from the B-LCL KAS116.
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The top marker was produced by amplifying a 750 bp fragment corresponding to a 

HLA-B*4201 using genomic DNA from the B-LCL RSH.

In each case the bottom and top markers were added to 6 X loading buffer (0.75g 

Ficoll, 3.05 ml distilled water, 1 ml 5% dextran blue), at a 1:1 ratio, to generate locus- 

specific loading buffer to be used in each lane. Internal controls were not used for 

HLA-DQBl or -D PBl RSCA. In both cases the relatively small number of common 

alleles were included in ladders allowing standardisation of the mobilities.

Table 2.3: Primers used for PCR of top and bottom markers

HLA locus Primer sequence

HLA-A 5 '

3 '

Cy5-CTCTGCGGGGAGAAGCAAGGGGCC

CCTCCTTGTGGGAGGCCAGCCCGG

HLA-B 5 '

3 '

Cy5-GGCGGGGGCGCAGGACCTGAGG

CCCGGCGACCTATAGGAGATGGG

HLA -C 5 '

3 '

Cy5-TGGCCTCTGCCGGGAGGAGCGAGGGGACCGCAGGCGG

CTCCTCTTCTCGTGGGAGGCCATCCCCGGCGACCTAT

H L A -D R B l 

Top marker

Bottom marker

5 '

3 '

5 '

3 '

Cy5-AGGGGCCGGAGTATTGGGAC

GGAGGCCATCCCCGGCGACCTAT

CCTTACCATCTCCAGAAACTGC

Generation of External controls Haddersl

In general one ladder was generated per FLR per HLA locus. For each locus alleles 

were amplified by PCR from B-LCLs. These were hybridised to the FLR at a ratio of 

3:1. Alleles were chosen if they were commonly found in our population, as well as if 

they resulted in an even distribution of peaks between the top and bottom markers. 

The product was then run in a number of lanes, usually flanking the samples 

hybridised with the same FLR. The mobilities within the ladder allowed
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standardisation of the gel as well as comparison of individual allele mobilities in the 

ladder and the samples.

Hybridisation of PCR products

Following amplification, 3-5 p,l of the sample was hybridized to 1 p,l of the 

appropriate FLR. The program used for all loci except DRBl was: 95°C for 5 

minutes, 55°Cfor 5 minutes and then kept at 15°C. DRBl was as follows: 95°C for 5 

minutes, 55°C for 10 minutes and then 50°C for 5 minutes.

Polyacrylamide gel preparation and electrophoresis

Gels were polyacrylamide and non-denaturing and differed depending on the HLA 

locus in question.

For HLA class I analysis a 6 % gel was optimal: 9.6 ml Long Ranger gel solution 

(FMC BioProducts, Rockland, Maine, USA), 8  ml lOX TBE buffer (BioWhittaker), 

48 p.1 TEMED (Amersham Pharmacia Biotech) and 480 p-1 10% ammonium 

persulphate (Amersham Pharmacia Biotech) made up to a total volume of 80 ml with 

sterile water.

For HLA class II analysis MDSequagel (National Diagnostics, Atlanta, Georgia, 

USA) was used at 0.5X: 20 ml MDSequagel, 8  ml lOX TBE buffer, 48 \x\ TEMED 

and 480 p.1 10% ammonium persulphate made up to a total volume of 80 ml with 

sterile water.

All gels were 21 cm in length and 0.5 mm in thickness. RSCA was performed using 

the ALFexpress Automated Sequencer (Amersham Pharmacia Biotech). Between lp.1 

and 2  fxl of appropriate loading buffer (containing internal controls) was added to 

each of the hybridised products, and between 0.5 and 4 p,l were loaded onto the 

polyacrylamide gel.
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Electrophoretic conditions were 30 W constant power at a temperature of 40°C 

maintained by an external cooling system, with the exception of HLA-DRB1, where 

gels were run at 20°C, to obtain optimal separation of the complexes. Gels were run 

for 300-580 minutes (depending on the mobility times of the duplexes). Gels were 

used no more than three times with fresh running buffer (IX TBE) added on each 

occasion.

The Cy5 fluorescent label crossing the laser was excited and the signal detected 

represented as a peak in the electropherogram. The peaks generated represent the 

homoduplex and heteroduplexes. These were assigned arbitrary mobility values by 

adjusting to the internal and external controls (see above).

Assigning HLA types based on mobilitv tables

For three Class I and three Class II loci alleles were assigned according to mobility 

charts which had been developed in house. Samples which were not able to have 

alleles assigned according to these mobility charts were repeated by RSCA and then 

sequenced by SBT (see below). In most cases this represented an allele which had not 

previously been assigned an RSCA mobility (this only occurred in DRBl and DQBl 

typing).

Setting up RSCA for TNFA gene analysis

For the purpose of separating the three alleles of TNFA by RSCA, FLRs were 

initially created using human cell lines of known homozygous TNFA type (QBL, 

JVM, LWAGS, PITOUT, PLH, VAVY, STEINLIN, PF04015, LUY). Despite 

numerous alterations to gel, run and hybridisation conditions, there was no 

combination of FLRs which would unambiguously separate all three alleles. For this 

reason an alternative source of DNA was sought. The Rhesus monkey (Macaca 

mulatta) TNFA gene (EMBL accession number AF195667) was found to share 93% 

sequence homology with the human gene, thus generation of FLRs using this DNA
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was undertaken as mobilities by RSCA were predicted to be easier to separate into 

individual alleles.

DNA from Macaca mulatta was used to generate the FLRs using Cy5 labelled 

primers in the same region as those used in the human PCR product (as described). 

The oligonucleotide in the antisense conformation was altered by two nucleotides (5' 

-  TGGGTGTGCAAACAACTGCG), as these positions differed in human and 

Macaca mulatta TNFA sequences. The sense primer was as described, with the 

addition of a Cy5 label. PCR products were hybridized to each FLR in a ratio of 3:1 

at 95°C for 5 minutes, 55°C for 10 minutes and then 50°C for 5 minutes. To this 6 X 

RSCA loading buffer was added, and 2 \x\ were loaded onto a non-denaturising 12% 

polyacrylamide gel using an ALFexpress automated sequencer (Amersham 

Pharmacia Biotech). Electrophoresis was performed at 30W and maintained at 20°C 

for 200 minutes. A panel of cell lines were used initially to generate mobilities for 

each of the three haplotypes (QBL, JVM, LWAGS, PITOUT, PLH, VAVY, 

STEINLIN, PF04015, LUY). In addition at least one cell line representing each 

haplotype was run alongside samples on every gel as an external control.

Each of the haplotypic conformations seen could be assigned visually without 

ambiguity.

Sequencing-Based Typing

In a number of situations sequencing-based typing as well as RSCA was performed. 

In some cases this was to confirm the presence of described alleles with mobilities 

previously not seen by RSCA (HLA-DRBl and -DQBl). In addition, prior to setting 

up the RSCA conditions for TNFA, cell lines were sequenced to confirm the 

polymorphisms present, for their use as controls. Finally, a number of recipient/donor 

pairs who were homozygous for their DPBl alleles by RSCA were sequenced to 

confirm homozygosity.
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SBT was performed using an ABI 377 DNA sequencer (ABI, Foster City, CA, USA) 

and using Standard Operating Procedures (SOP) generated in-house by Steve Cox. 

Briefly, PCR products were generated using the locus specific primers and conditions 

previously described. PCR products were purified in a GFX column and, as PCR 

yield was generally good, diluted 1:3 with water. Forward and reverse cycle 

sequencing reactions were set up on ice, in a total volume of 10 pi, using a Big Dye 

Terminator sequencing kit (ABI). Appropriate primers were added at 1.6 pmol/pl (in 

each case the primers used for SBT were identical to those used for PCR). Reactions 

were performed on the Perkin Elmer 9600 (Global Medical Instrumentation. Inc., 

Minnesota, USA) as follows: 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds 

and 60“C for 4 minutes. Following amplification, tubes were removed from the 

thermal cycler and 60 pi of 80% isopropanol added to each. These were inverted 

gently to mix and incubated at room temperature for 15 minutes. The samples were 

centrifuged at 3200 rpm for 30 minutes, immediately thereafter tubes were inverted 

onto tissue and spun for 1 minute at 1500 rpm. Just prior to loading the gel, loading 

buffer (1:5 dilution of Blue dextran /EDTA (ABI) with formamide (BDH)) was added 

to the samples, which were then denatured at 94°C for 2 minutes and placed directly 

on ice.

Sequencing gels were prepared in a total volume of 50 ml. 18 g of urea (Biorad, 

Hercules, CA, USA) and 0.5 g of resin - amberlite (ABI) were added to 5 ml of Long 

ranger solution (FMC BioProducts) and 27 ml of distilled water, in an endothermie 

reaction. The solution was then de-gassed in a filtration device (Sartolab RF150 Filter 

Unit, Vivascience, Hannover, Germany), with 5 ml of lOX TBE (BioWhittaker) for 5 

minutes. Immediately prior to pouring the gel, 250 pi of 10% APS and 25 pi of 

TEMED were added. The gel was cast and allowed at least 2 hours to dry, after which 

the samples were loaded using a 36 toothed comb.

Forward and reverse sequences were analysed for each sample using MT Navigator 

PPG (Version 1.0.1, Perkin Elmer) to create a consensus sequence. This was then
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entered into a blast search tool (www.ebi.ac.uk/blast2 /nucleotide.html) to assign 

identity to the alleles for TNFA, or using MatchTools (ABI) for DPBl sequencing.

ELISpot Experiments

PBMCs were separated from the blood sample provided by Lymphoprep gradient cell 

separation system as previously described, and the cells were frozen in LNj. For each 

assay cells from two separate individuals were thawed (stimulator and responder), 

resuspended in 10% HIFCS (filtered through 0.45 pm, Sartorius, Goettingen, 

Germany) in RPMI-1640 (with 1% Penicillin/Streptomycin, stock concentration: 

10 000 U/ml Penicillin, 10 mg/ml Streptomycin) and a cell count was performed. The 

cells were kept on ice for the remainder of the preparation. The stimulators were 

irradiated for seven minutes (3000 rads). All ELISpot assays were performed on 

uncoated 96 well plates (Millipore, Billerica, Mass, USA).

One day prior to setting up the assay the plate was prepared by diluting IFNy Capture 

Antibody (R&D Systems, Minneapolis, MN, USA) at 1:60 in IX PBS (BioWhittaker) 

and adding 100 pi to each well. The plate was covered with a lid and incubated 

overnight at 4°C. Immediately prior to adding the cells, the capture antibody was 

aspirated from each well and the plate was washed three times using IX PBS (200 

pl/well). The responder cells were added first, at various concentrations of cells/well, 

by adding the top concentration to the first well and then using a double diluting 

technique across all 12 wells in one row. Stimulator cells were then added (after 

irradiation) at various concentration of cells/well.

Controls included a negative control (10% HIFCS in RPMI-1640 alone), responders 

alone, stimulators alone and a positive control (responders at the top concentration 

with 1 pi of purified Phyto-haemagglutinin A (PhA) (Bio-stat Diagnostic systems, 

Stockport, UK). Autologous controls were set up using the same donor’s cells as both 

responder and stimulator (irradiated as above). For the DP blocking experiments a 

commercially available purified anti-HLA-DP antibody (B7/21, Becton Dickinson)
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was used. This was added to the test wells at various concentrations. An isotype 

control (MOPC-31C, Becton Dickinson) was used in the same concentrations as the 

anti-HLA-DP antibody to ensure the specificity of blocking. Reactions were set up 

in triplicate.

The plate was covered with a lid and incubated at 37°C for 72 hours (in the majority 

of cases). The plate was then washed three times using PBS. IFNy Detection 

Antibody (R&D Systems) diluted at 1:60 in Reagent Diluent (1% BSA (Sigma) in 

PBS pH 7.2-7.4) was added to each well (100 pl/well) and the plate was incubated 

overnight at 4°C. The plate was washed as described and Streptavidin-AP (R&D 

Systems) diluted at 1:60 in Reagent Diluent was added to each well (100 pl/well). 

The plate was incubated at room temperature for two hours, after which it was again 

washed and 100 pl/well of BCIP/NBT Chromogen (R&D Systems) was added. The 

plate was incubated for about 1 0  minutes in the dark, after which the reaction was 

stopped by washing with tap water. Plates were inverted and allowed to dry. Spots 

were quantified using an ELISpot plate reader (AID, Strassberg, Germany). The 

mean number of Spot Forming Cells (SFC) was determined for each triplicate. This 

figure was presented as the number of SFC per one million responder cells.

Data Collection

Initial data on each transplant pair was provided to us by the Operations Department 

(CD) at the ANT. This information was used to generate a unique patient/donor pair 

record (see below). This included all of the donor demographic data that was required 

for the study, so that donors at no point needed to be contacted for additional 

information. The procedure for data collection changed early on in the study. Prior to 

the end of 2001 the data was being collected by the registry staff (OD). The purpose 

of data collection at this time was largely in order to inform the donor of the 

recipients progress (in cases where this was requested) and advise them on the 

likelihood of being asked for a second donation. These data were inadequate for the
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purpose of clinical analyses, particularly with regards to such issues as conditioning 

regimen used (transplant protocol) and GvHD prophylaxis.

In light of this, soon after I became involved in the project, I initiated a change in 

both the data request forms (in conjunction with the OD of the ANT), as well as the 

procedure for collecting data. Requests for data were now sent out to the TCs from 

the Anthony Nolan Research Institute by a designated data collector. The clinical data 

were applied for at regular intervals (six weeks, three months, six months, one year 

and then annually) from the transplant centres, on standard data collection forms (see 

appendix 3). A number of timed reminders were sent for outstanding forms, followed 

by a phone call to the Centre if they were not returned in a certain time period. On 

their return I checked every form to ensure that the data were complete. Incomplete 

forms were returned to the Centre with a request for the specific missing data. Only at 

this point was the data entered onto the BMT_DB.

Towards the end of the study period, and while setting up the statistical data base for 

analysis, it became clear that a large bulk of clinical data was missing. This was more 

specifically the case with the recipients transplanted prior to the end of 2001. In order 

to remedy this situation I applied a number of strategies. First, I went through the 

paper records of every donor (and/or patient) with outstanding data (held within the 

ANT). Second, I searched the ANT donor and patient demographic database (Solar) 

for details relating to requests from the TCs for products specific to a donor/recipient 

pair. Third, we approached all the TCs with individual requests for missing data on 

certain pairs. This was either done by myself or by the designated data collector at the 

Trust.

In so doing I hoped to collect as complete a dataset for analysis as possible, however 

in many cases the data could not be completed for unavoidable reasons. These 

included, amongst others: destroyed notes, notes unobtainable and patients lost to 

follow up.
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Database usage

A comprehensive database (BMT_DB) was maintained in Filemaker Pro software 

(Filemaker Inc., Santa Clara, CA, USA). In this database each patient/donor pair was 

linked in the same record and using a unique coding number. This database stored all 

demographic, clinical, genetic and material storage data which was used in the 

project. It was password protected with a limited number of users. The database was 

backed-up on a weekly basis.

Statistical analysis

Clinical outcome analysis

All statistical analysis of clinical outcome in the transplant pairs was done using 

SPSS (v.IO.O) software (SPSS Inc., Chicago, USA). In these cases data was entered 

directly into SPSS from the BMT_DB. The association between variables was 

assessed using the Chi-squared test. Overall survival, disease free survival, chronic 

graft versus host disease and disease relapse rates were analysed using Kaplan-Meier 

methods (Kaplan and Meier 1958) and were compared using the log-rank statistic. In 

chapter three and four, probabilities are quoted at three years unless otherwise stated. 

Further, to investigate possible factors associated with these outcomes, Cox 

proportional hazards models were used. As an exact time to the development of acute 

graft versus host disease was only infrequently reported, the incidence of this 

complication was analysed as a binary variable using logistic regression models. The 

statistical methods and output, for all parts of this thesis, were reviewed by Colette 

Smith (Department of Primary Care and Population Sciences, Royal Free Campus, 

UCL, London, UK). In addition, any of the statistics in published papers were 

reviewed by external reviewers.

Haplotype and allele frequencies

Haplotype and allele frequencies for all HLA loci and TNFA were generated by 

Hazael Maldonado (PhD student at the ANRI, using his own program. Cactus). The
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statistical analysis was performed using in-house programs which implement the 

Expectation-Maximization (EM) algorithm (Dempster, et al 1977) for calculating an 

estimate of the haplotype frequencies (Excoffier and Slatkin 1995). The sample 

consists of unrelated individuals and so we have had to calculate the haplotypes 

frequencies based on gene-counting and the EM algorithm rather than through family 

studies. The analysis calculated allele and haplotype frequencies from the genotypic 

data once the data had been shown to fit Hardy-Weinberg. The data has also been 

analysed with a number of other statistical packages including the Arlequin software 

package (Schneider, et al 2000) to verify the accuracy of the in house program.

ELIS pot analysis

All analyses of the ELISpot data were performed using Excel (Microsoft, Redmond, 

WA, USA).

Ethical approval

In view of this research project proposing the use of “patients and users of the NHS. 

(This includes all potential research participants recruited by virtue of the patient or 

user's past or present treatment by, or use of, the NHS. It includes NHS patients 

t rea ted under  cont rac t s  with pr iva te  sector  i ns t i t u t i on s ) ” 

(www.corec.org.uk/whenToApply.htm), at multiple sites in the UK, approval for the 

project was sought from the Multi-centre Research Ethics Committee (MREC). A 

proposal, as well as MREC application, were submitted and full approval for the 

project was obtained. As requested, annual review forms were submitted to the 

committee at the appropriate times. In line with the guidelines mentioned above, a 

patient information sheet and consent form were supplied to the local investigator 

with every request for a blood sample (see appendix 2 ).
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Chapter 3: The factors which impact on outcome in unrelated donor 

haematopoietic stem cell transplantation

Introduction

In this chapter large amounts of data are presented and it has therefore been divided 

into sections. The primary aim of this part of the analysis was to assess the impact of 

HLA matching on the complications and outcome of UD HSCT. It is not relevant, 

however, to look at these effects in isolation, therefore the analysis extended to and 

included many other factors known to impact on HSCT outcome. In addition, due to 

the obvious differences between diseases, I analysed the data in a disease specific 

manner. Statistical tests were used as outlined in section two (materials and methods). 

Every variable included in this study (see table 3.1 and HLA Demographics) was 

analysed in relation to every outcome, in univariate analysis. Only significant values 

were included in multivariate analysis. Statistical significance was assigned to a p 

value less than 0.05, a statistical trend was those values between 0.05 and 0.1. In view 

of the large number of tests performed for each outcome, in most cases non

significant results are not presented, or are given as NS in the tables. Section one 

deals with the overall incidence of complications and the impact of each variable on 

these. Section two deals with specific HLA mismatches. Section three deals with 

individual disease groups.

Study population

The final number of transplant pairs included in the study was 423.

No further clinical data was added after 13/04/2004.

Inclusion criteria for the study were:

1. High resolution tissue typing for recipient and donor at six HLA loci (HLA-A, 

-B , -C , -D RB l, -D QBl, -DPBl).

2. HSCT at a UK transplant centre using an Anthony Nolan Trust donor.
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In addition the following variables were present in each of the 846 individuals (423 

pairs) included in the analysis;

Recipient age, gender and disease type.

Donor age, gender, CMV status, route of donation.

Date of transplant, date of death (or date last seen if alive).

Study Period and Demographics

The transplants took place between September 1996 and January 2003, with a median 

date of August 2000 (mean. May 2000). The patient and donor pre-transplant factors 

can be seen in table 3.1. The median age of the patients was 30 with a broad range, 

including infants. The ages were grouped and for the majority of the analyses patients 

age was dealt with as above or below the median. However, in view of the well 

recognised effects of patients age on complications after HSCT, in some cases a cut

off of 40 years was used. More than half of those receiving transplants were male. 

The majority of patients were CMV seronegative prior to transplantation. A roughly 

equal number of patients received transplants for each of the diagnoses: AML, ALL, 

CML and ‘other malignant disease’ (Table 3.37 in section 3), in addition a small 

number received a transplant for a non-malignant disease (Table 3.43 in section 3). 

Early disease stage was defined as CRl in acute leukaemia and ICP in CML. 

Untreated patients (e.g. with MDS) were included in this definition. All patients with 

disease beyond this were grouped as late stage disease. In the cohort with malignant 

diseases, 217 had early stage disease and 176 had late stage disease (of the 176, 23 

received transplants in disease relapse). In this cohort the use of T cell depletion, 

myeloablative conditioning regimens and bone marrow as a stem cell source were 

most common, although other regimens were seen in a proportion of the cases. The 

donors were mostly male and had a median age of 35, although once again with a 

relatively broad range. Two thirds of the female donors were multiparous. The 

majority of donors were CMV seronegative at the time of donation. Missing data is 

included as such in table 3.1 (or more fully outlined in appendix 4).
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T ab le  3.1: S tudy  G ro u p  D em o g rap h ics

Characteristic Number (%)
Recipient Age
Median (range) 30 (<1 - 65)

Recipient gender
Male 258 (61%)

Donor gender
Male 315 (74%)

Recipient/Donor Gender
Gender matched 260 (61%)
Male/Female 53 (13%)
Female/Male 1 1 0 (26%)

Parity of donor
Multiparous 67 (62%)
Nulliparous 36 (33%)
Missing 5 (5%)

Donor Age
Median (range) 35 (21 - 56)

Recipient CMV serostatus
Negative 287 (6 8 %)
Positive 1 2 1 (29%)
Missing 15 (3%0

Donor CMV serostatus
Negative 325 (77%)
Positive 98 (23%)

Recipient/Donor CMV status
Negative/negative 241 (57%0
Negative/positive 46 (1 1 %)
Positive/negative 72 (17%)
Positive/positive 49 ( 1 2 %)
Missing 15 (4%)

Disease
Chronic Myeloid Leukaemia 93 (2 2 %)
Acute Myeloid Leukaemia 1 0 2 (24%)
Acute Lymphoblastic Leukaemia 103 (24%)
Other malignant 1 0 1 (24%)
Non-Malignant 24 (6 %)

Disease stage (excluding non-malignant)
Early 217 (54%)
Late 176 (44%)
Missing 6 (2 %)

Conditioning Regimen
Myeloablative conditioning 292 (69%)
Reduced intensity conditioning 1 0 1 (24%)
No conditioning 2 (<1 %)
Missing 28 (7%)

Stem Cell Source
Bone marrow 348 (82%)
PBSC 75 (18%,)
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T cell deletion
Yes 363 (86%)
No 29 (7%)
Missing 31 (7%)

Post transplant immunosuppression
Cyclosporin A and methotrexate 200 (47%)
Cyclosporin A alone 138 (33%0
Other 12 (3%)
None 31 (7%)
Missing 42 (10%)

HLA Demographics

52 pairs were matched for all of the HLA loci tested (i.e. 12/12 allele matched), 

however for the purposes of the HLA analysis in this chapter, the matching status at 

DPBl was ‘ignored’, therefore:

All loci:

Class I:

Class II: 

(DRBl/DQBl)

Class I and II:

282 pairs (67%) were matched for the five ‘classic’ HLA loci 

(HLA-A, -B , -C , -D R B l, -D Q B l; i.e. 10/10 matched) and 

141 were mismatched; 103 at a single allele and 38 at multiple 

alleles. In all but three cases, multiple mismatches meant 

mismatches at more than one locus. In the remaining three 

cases, there were two mismatched alleles at HLA-C, but none 

at any other locus.

301 pairs were matched for all Class I alleles.

122 pairs were mismatched at Class I; 94 at a single allele and 

28 at multiple alleles.

393 pairs were matched for both Class II alleles.

30 pairs were mismatched at Class II; 25 at a single allele and 

5 at multiple alleles.

282 pairs were matched

111 were Class I mismatched only

19 were Class II mismatched only

11 were mismatched at Class I and Class II
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In the analysis of Class I matching I only considered pairs that were Class II 

(DRBl/DQBl) matched (i.e. 393 pairs): of these, 282 were Class I matched, 8 6  had a 

single mismatched allele and 25 had multiple alleles mismatched.

In the analysis of Class II (DRBl/DQBl) matching I only considered pairs that were 

Class I matched (i.e. 301 pairs): Of these, 282 were Class II matched, 17 had a single 

mismatched allele and two had multiple alleles mismatched.

Table 3.2: Matching status according to HLA alleles

HLA-A HLA-C HLA-B HLA-DRBl HLA-DQBl Number (%)
Match Match Match Match Match 282 (67%)

Mismatch Match Match Match Match 28 (7%)
Match Match Mismatch Match Match 9(1%,)
Match Mismatch Match Match Match 52(12%)
Match Match Match Mismatch Match 1 (<1 %)
Match Match Match Match Mismatch 16 (4%)

Mismatch Match Mismatch Match Match 1  (<1 %)
Mismatch Mismatch Match Match Match 7(2%,)
Mismatch Mismatch Mismatch Match Match 1 (<1 %)
Mismatch Mismatch Match Match Mismatch 1 (<1 %,)
Mismatch Match Match Match Mismatch 1 (<1 %)
Mismatch Match Match Mismatch Mismatch 1 (<1 %)

Match Mismatch Mismatch Match Match 13(3%^
Match Match Match Mismatch Mismatch 2 (<1 %)
Match Mismatch Match Mismatch Mismatch 2 (<1 %)
Match Mismatch Match Mismatch Match 1 (<1 %)
Match Mismatch Mismatch Mismatch Match 1 (<1 %)
Match Match Mismatch Match Mismatch 1  (<1 %)
Match Mismatch Match Match Mismatch 2 (<1 %,)
Match Mismatch Mismatch Match Mismatch 1 (<1 %)
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Section 1: Results dependant on pre-transplant characteristics and HLA

matching in the whole group (n=423)

Engraftment

3.7 percent (15/404) of all patients had primary graft failure (defined as failure to 

achieve a neutrophil count of 0.5 x 10^/L before death or second stem cell infusion, in 

patients who survived at least 28 days after transplant).

The factors affecting the incidence of non-engraftment (in univariate Chi-squared 

analysis) are given in table 3.3. Primary graft failure was significantly increased in 

patients receiving transplants for CML or non-malignant disease as compared to the 

other disease categories, those transplanted with a graft from a female donor as 

compared to a male donor and those receiving a graft from a donor over 30 years old 

compared to a younger donor. The highly significant result found using female HSC 

was not related to parity, as the high incidence of non-engraftment was found with 

both nulliparous (8 .6 %) and multiparous (9.3%) donors. The use of BM was 

associated with a trend towards decreased engraftment when compared to PBSC

(p=0.068).

The degree of HLA matching did not impact significantly on non-engraftment (8/270, 

3% in matched versus 7/134, 5% in mismatched pairs, Chi-squared p=0.258). This 

did not differ if single alleles mismatches were compared to those mismatched at 

multiple alleles.

In a multivariate binary logistic regression model, taking into account those factors 

significant in univariate analysis (table 3.3), a decrease in the rate of engraftment 

related to female donors remained significant as did the effect due to different disease 

groups.
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T able 3.3: Risk factors associated with prim ary graft failure in the w hole cohort (Chi 
squared and logistic regression analysis)

Variable % Univariate 
{? value)

Hazard ratio 
(95% Cl)

Multivariate 
(P value)

CML 9% O. l l  (0.0; 0.9) 0.048
Non-malignant 14% 1  0.001 0.08 (0.0; 0.9) 0.042
Female donor 9% 0.002 0.25 (0.0; 0.7) 0.018
Donor over 30 5% 0.025 0 NS
Bone marrow graft 5% 0.068 - -

The m edian tim e to engraftm ent was 18 days after stem  cell infusion (range = 4-104 

days). A num ber o f  factors w ere associated  with faste r neutrophil engraftm ent in 

univariate time dependant analysis (Table 3.4). These included; patients over 40 years 

o f  age com pared to younger patients, gender m atched o r fem ale patients w ith m ale 

donors com pared to m ale patients with fem ale donors, CM V  positive com pared to 

CM V negative patients, patients with ‘o ther m alignant d isease’ as com pared to other 

disease groups, the use o f RIC regim ens com pared to m yeloablative regim ens and the 

use o f PBSC com pared to BM (Figure 3.1 ).
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Figure 3.1; Factors associated with faster neutrophil engraftment (A) Older patients (B) male 

patient/ fem ale donor (C) Patient CM V positive (D) ‘M alignant other” d isease group (E) 

Reduced intensity conditioning (F) PBSC

W hen all significant factors were included in Cox m ultivariable analysis (Table 3.4) 

the diagnosis o f ‘o ther m alignant d isease’, use o f PBSC and use o f  a m ale donor for a 

fem ale patient o r gender m atched pairs retained significance. T here was a trend seen 

for those patien ts over 40 years. T he degree o f HLA m atch ing  did not im pact 

significantly on the speed o f engraftm ent.

Table 3.4: Risk factors associated with faster neutrophil engraftm ent follow ing HSCT 
in the whole cohort (K aplan-M eier and Cox regression analysis)

Variable Univariate Hazard ratio Multivariate
(P value) (95% Cl) (P value)

Patient over 40 <0.001 1 .28(0.9; 1.6) 0.071
Female patient/male donor or gender 0.021 1.40(1 .0; 1.9) 0.046
match
Patient CMV positive 0.043 1.21 (0.9; 1.5) NS
Other malignant disease <0.001 1.44(1 .0; 1.9) 0.019
Reduced intensity conditioning <0.001 1.05(0.7; 1.4) NS
PBSC 0.002 1.37(1 .0; 1.8) 0.023
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Acute Graft versus Host Disease

All patients who achieved neutrophil engraftment were eligible for the analysis of 

acute Graft versus Host Disease (aOvHD). The overall incidence of aOvHD in this 

cohort was 52% (194/372). This was reported to be grade I in 89 cases (46%), grade 

II in 84 cases (43%), grade III in 15 cases (8 %) and grade IV in six cases (3%). Thus, 

the overall incidence of clinically significant aGvHD (grade III/IV) in this cohort was 

6 % (21/372).

The factors associated with aGvHD in univariate analysis are given in table 3.5. 

Younger patients (under 40) were more likely to develop aGvHD compared to older 

patients. This was evident as an increase in both grade I/II disease (51% versus 37%) 

and grade III/IV disease (7% versus 3%). Those patients who had myeloablative 

regimens had a higher incidence of aGvHD compared to those who had reduced 

intensity conditioning regimens. Once again this represented an increase in all grades 

of GvHD (I-II, 51% versus 38%; III/IV, 7% versus 3%). Although the use of T cell 

depletion did not result in a significant difference in the overall incidence of aGvHD 

(very small numbers received no TCD), those who did not receive TCD had an 

incidence of grade III/IV disease of 14%, while those who did receive TCD had an 

incidence of only 4%.

Table 3.5: Risk factors associated with an increased incidence and severity of acute 
GvHD in the whole cohort, in univariate analysis (Chi-squared, Fisher’s Exact test if 
numbers are under 5)

Variable % Univariate % grade III/IV P value
aOvHD (P value) aOvHD

Patient under 40 58% 0.002 7% NS
Myeloablative conditioning 
T cell replete

58%
61%

0.005
NS

7%
14%

NS
0.049

Single HLA mismatch 
Multiple HLA mismatch

59%
67% }  0.040

5%
18%

NS
0.001

All groups of mismatches for HLA loci resulted in an increase in aGvHD (Tables 3.5 

and 3.6). The incidence in matched pairs was 48% (121/253) compared to 61%
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(73/119) in pairs with one or more mismatched allele. This was dependant on the 

number of mismatched alleles. In addition, the incidence of severe aGvHD (III/IV) 

was significantly higher in those with multiple allele mismatches, while a single 

allele mismatch did not result in more severe aGvHD compared to a matched pair. 

HLA Class I matching resulted in an decrease of aGvHD (121/253, 48% versus 

55/92, 60%, Chi-squared p=0.049). Although the incidence of aGvHD was not 

significantly different when comparing matched (48%) versus one mismatch (59%) 

versus multiple mismatched (64%) pairs (p=0.133), there was a significant increase in 

the incidence of severe aGvHD in multiple mismatch pairs (18%) compared to one 

mismatch or matched pairs (3% and 4%). The incidence and grade of aGvHD when 

comparing the type of HLA mismatch overall is seen in table 3.6.

Table 3.6: The impact of the type HLA mismatch on the incidence and severity of 
acute GvHD in the whole cohort (Logistic regression)

Variable %
aOvHD

Univariate 
(P value)

% grade III/IV 
aOvHD

P value

HLA match 48% - 4% -

Class I mismatch 60% 0.050 7% NS
Class II mismatch 67% NS 11% NS
Class I and II mismatch 67% NS 22% 0.032

In a multivariate logistic regression model (Table 3.7) the effect of HLA matching 

and patients age retained significance.

Table 3.7: Risk factors associated with an increased incidence and severity of acute 
GvHD in the whole cohort, in multivariate analysis (Logistic regression)

Variable Overall aOvHD 
Hazard ratio 

(95% Cl)

P
value

Grade III/IV 
Hazard ratio 

(95% Cl)

Multivariate 
(P value)

Patient under 40 1.80(1.0; 2.9) 0.021 - -

Myeloablative conditioning 1.43 (0.8; 2.4) NS - -

T cell replete - - 3.85 (1.1; 12.8) 0.028
Single HLA mismatch 1.49 (0.8; 2.4) NS - -

Multiple HLA mismatch 2.06 (0.9; 4.4) 0.068 4.4.6 (1.4; 13.5) 0.008
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Transplant Related Mortality

Transplant Related Mortality (TRM) was analysed at day 100 and at one year, 

patients who had follow-up less than the period indicated were excluded from 

analysis.

The day 100 TRM was 17% ( 6 8  patients had died). The only factors to have an 

impact on this outcome were patient CMV status and the degree of HLA matching 

(Tables 3.8 and 3.9). Patients with positive CMV serostatus had a trend towards an 

increased TRM compared to CMV negative patients. Patients with multiple alleles 

mismatched in the graft (as compared to none and/or one mismatch) had a trend 

towards increased TRM. The one year TRM was 36% (125 patients had died). The 

effects noted to be related to an increase in TRM at day 100 were enhanced at one 

year (Tables 3.8 and 3.9). Thus, patient CMV status and HLA matching retained their 

impact and in addition, patient age was now also seen to have a impact (Figure 3.2).

Patients over the age of 40 years had a significantly greater TRM compared to 

younger patients. This was a trend if the cut off age was 30, with those above this age 

having an increased TRM (p=0.058). The impact of HLA matching was now seen to 

be related to single and/or multiple allele mismatches. Mismatched pairs had a 

significantly higher TRM compared to matched pairs (45% compared to 31%, 

p=0.005).

Table 3.8: Risk factors associated with an increased incidence of TRM at day 100 and 
one year in the whole cohort, in univariate analysis (Kaplan-Meier analysis)

Variable Day 100 TRM P One year TRM P
value value

Patient CMV positive 21% 0.092 45% 0.009
Patient over 40 - NS 44% 0.042
Single HLA mismatches - NS 40%

}  0.003Multiple HLA mismatch 27% 0.080 58%

88



Table 3.9: The im pact o f the type o f HLA m ism atch on the incidence o f day 100 and 
one year TRM  (Cox regression analysis)

Variable Day 100 TRM P
value

One year TRM P value

HLA match 15% - 31% -

Class I mismatch 18% NS 44% 0.020
Class II mismatch 18% NS 44% NS
Class 1 and 11 mismatch 45% 0.006 60% 0.018
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Figure 3.2; Factors associated with an increased TRM at one year (A) Single or multiple 

HLA mismatches (B) CMV seropositive patients (C) Patients over 40 years old.

In a Cox m ultivariate analysis including patient age, patient CM V  status and HLA 

m atching, the effect due to HLA m ism atching rem ained significant as did the CM V 

status o f the patient (Table 3.10).
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Table 3.10: Risk factors associated with an increased incidence of TRM at one year in 
the whole cohort, in multivariate analysis (Cox regression analysis)

Variable Hazard ratio (95% Cl) P value
Patient CMV positive 1.50(1.0; 2.1) 0.033

Patient over 40 1.38 (0.9; 2.0) 0.086

HLA mismatched 1.52(1.0; 2.1) 0.025

The presence of grade III or IV aGvHD was associated with an higher incidence of 

TRM compared to those with no aGvHD or grade I or II. This was not significant at 

day 100 (24% versus 12%, p=0.133), however was significant at one year (61% 

versus 31%, p=0.004). Those with limited cGvHD were significantly protected from 

TRM at one year (4/91, 4%), compared to those with no cGvHD (32/136, 24%) or 

extensive cGvHD (18/48, 38%) (p<0.0001).

There was no significant difference seen in the individual cause of death dependant 

on these significant factors (Table 3.II), although there was an increase in deaths due 

to infection in the HLA mismatched group and the CMV positive group. There was 

an increase in ‘other’ causes in the group over 40 (these deaths generally related to 

organ failure).

Table 3.11: The cause of TRM at one year dependant on HLA matching, patient 
CMV status or age

HLA
matched

(72)

HLA
mismatch

(53)

Patient CMV 
negative (74)

Patient CMV 
positive (45)

Patient 
under 40 

(80)

Patient over 
40(45)

GvHD 5(7%,) 4 (7 % ) 6(8% 0 2(4% ) 7(9% 0 2(4% )

VOD/TTP 5 (7% ) 3(6% ) 7 (10%) 1(2% ) 7(9% 0 1(2% )

Infection 41 (57%) 36 (68%) 43 (58%) 31 (69%) 50 (62%) 27 (59%)

Other 21 (29%) 10(19% ) 18 (24%) 11 (25%) 16 (20%) 15 (33%)
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Chronic Graft versus Host Disease

Within this cohort, 343 patients remained alive at day 100 (81%).

Those who had engrafted were eligible for analysis. The probability of developing 

chronic Graft versus Host Disease (cGvHD) at three years was 55% (median = 460 

days), this was reported to be limited in 101 patients (6 6 %) and extensive in 52 

(34%). The incidence of cGvHD was highly significantly associated with the 

presence of prior aGvHD (Chi-squared, p<0.0001). This was, in addition, strongly 

correlated with the extent of aGvHD (p<0.0001) (i.e. 34% cGvHD in those with no 

aGvHD, 48% with grade I, 64% with grade II, 73% with grade III and 100% with 

grade IV). Higher grades of aGvHD predicted for more extensive cGvHD. Of those 

with grade III/IV disease, 69% developed extensive disease compared to 30% in 

those with mild disease and 29% in those with no aGvHD (Chi-squared, p=0.015).

Significant factors which influenced the occurrence of cGvHD are in table 3.12. 

Patients transplanted for AML had the highest probability at three years of 

developing cGvHD, next those with ‘other malignancy’, then CML and ALL, and the 

lowest incidence was seen in the non-malignant disease group (log rank, p=0.050). 

Those receiving PBSC grafts were significantly more likely to develop cGvHD than 

were those who received BM. There was a trend towards increased cGvHD in those 

who did not receive T cell depleted grafts compared to those who did. Pairs who had 

one or more HLA allele mismatched were more likely to develop cGvHD than those 

who were matched (Figure 3.3). Class I mismatches were significantly associated 

with an increase in cGvHD at three years (6 8 % compared to 50% with matched 

grafts, p=0.008). Class II mismatches did not show an association. There were no 

obvious associations seen between any of these factors and the severity of cGvHD.
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Figure 3.3: Factors associated with an increased incidence o f  chronic G vH D  (A) Disease  

subtype (B) PBSC' (C) Non-'!' cell depleted graft (D) HLA mismatched for one or more loci

All these factors retained significance in a Cox m tiltivariate regression model (Table 

3.12), although only the incidence o f cG vH D  in the ‘other m alignant d isease’ group 

was significant com pared to the disease with the lowest incidence (non-m alignant).

Table 3.12: Risk factors associated with an higher incidence chronic G vH D  in the 
w hole cohort (K aplan-M eier and Cox regression analysis)

Variable % Univariate 
(P value)

Hazard ratio 
(95% Cl)

Multivariate 
(P value)

CML 52%' 2.09 (0.7; 6.0) NS
AML 64%. 1  ().()5() 2.41 (0.8; 6.9) NS
‘Other malignant disease’ 61%. 2 .89 (1 .0 ;  8.2) 0.047
PBSC 64%, 0.023 1.53 (1.0; 2.2) 0.033
T cell replete 75% 0.080 2.17 (1.2; 3.8) 0.007
HLA mismatched 64% 0.015 1.65 (1.1; 2.3) 0.005
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Disease relapse

R ecipients who received transplants for non-m alignant diseases, and those who failed 

to achieve neutrophil engraftm ent were excluded from  the analysis o f disease relapse. 

The three year probability o f disease relapse was 59%  (m edian: 537 days). Factors 

s ign ifican tly  associa ted  with d isease  re lapse w ere patien t age, d isease  type and 

disease stage (F igure 3.4). Patients over the age o f 30 years were significantly  m ore 

likely to relapse com pared to those under 30 (67%  versus 52% , log rank p=0.031). 

T hose with C M L were m ost likely to relapse (77% ), com pared to those with AM L 

(62% ), A LL (47% ) and ‘o ther m alignancies’ (52% ) (p=0.030). Patients receiving a 

transplant w hile in relapse (active disease) were significantly  m ore likely to relapse 

post transplant (85%  versus 57% , log rank p<0.0001). HLA m atching status did not 

have a significant impact on disease relapse.
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Figure 3.4: Factors associated with an increase in disease relapse (A) Patients over 30 years 

old (B) disease subtype (C) disease stage at transplant
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In a Cox multivariate analysis all these factors retained significance (Table 3.13).

Table 3.13: Risk factors associated with an increased incidence of relapse in the 
whole cohort, in multivariate analysis (Cox regression analysis)

Variable Hazard ratio (95% Cl) P value
‘Other malignant disease’ - -

CML 2.33 (1.4; 3.7) <0 . 0 0 1

AML 1.63(1.0; 2.6) 0.039
ALL 1.52 (0.8; 2.5) NS

Patient over 30 1.48(1.0; 2.0) 0.025
Transplant in relapse 4.25 (2.4; 7.5) <0 . 0 0 1

Acute GvHD was protective against disease relapse, which stratified dependant on 

the grade of aOvHD (in those with no aOvHD there was a probability of relapse of 

69% compared to 51% with grade 1/11 and 29% with grade 111/lV, p=0.015). 

Interestingly, the presence of cGvHD was not associated with relapse rate (log rank, 

p=0.156).

Disease Free Survival

The three year probability of Disease Free Survival (DPS) was 27% (median: 227). 

Using Kaplan-Meier analysis, disease free survival was significantly better in 

younger recipients, those with younger donors and in those without multiple HLA 

mismatches. The younger the recipient, the better the DPS, those under 30 years had a 

DPS of 34% compared to 21% in those over 30 (p=0.004). There was a trend to better 

DPS in those with donors under 30 years (36% versus 24%, p=0.088).

The incidence of DPS was not affected when comparing HLA allele matched to 

mismatched pairs, however the number of alleles mismatched did have a significant 

impact. There was a trend towards better DPS comparing matched versus one 

mismatch versus multiple alleles mismatches (p=0.074), however pairs with multiple 

mismatches had a significantly worse DPS (16%) compared to one allele mismatched
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or m atched pairs (29% ) (p=().()23). This effect was m irrored with C lass 1 m ism atches, 

but not seen in the small num bers o f C lass 11 m ism atches.

Overall Survival

The three year probability o f O verall Survival (OS) was 45%  (m edian: 593 days; six 

year OS: 40% ). The mean follow -up is 1013 days (range 89-2697). Factors affecting 

OS are seen in table 3.14 and figure 3.5. OS was significantly better in patients under 

40 years com pared to those over 40 years, a trend to the sam e was seen in those under 

30 (p=0.()88). This was significant in donors under 30 com pared to those over 30, and 

in transp lan t pairs w here both the patient and d o n o r w ere under 30 years old  

com pared to all o ther age group m atches (63%  versus 41%  respectively , log rank, 

p=0.009).

Patients who were CM V negative had a significantly better overall survival. The type 

o f disease was significant, those with non-m alignant d isease had the best O S, then 

C M L, ‘o ther m alignancies ', ALL and worst AM L. There was a trend tow ards better 

survival in those with early stage disease com pared to late stage. There was a trend to 

w orse OS in those transplan ted  with late stage d isease com pared  to  early  stage 

disease (p=0.060).
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Figure 3.5: Ftictors associated with better overall survival (A) Younger patients (B) Younger 
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T hose m atched to r their HLA loci had a significantly  better OS than m ism atched 

pairs (47%  versus 40% , p=0.040). T his did stratify  depend ing  on the num ber o f 

alle les that were m ism atched, in patients w ith a single HLA m ism atch the OS was 

43% , com pared to 30%  in those with nuiltiple m ism atches, how ever there was no 

statistically  significant d ifference between m atched pairs o r those with one m ismatch. 

A m atch at C lass I predicted fo r sign ificantly  better O S, w hich stra tified  fo r the 

num ber o f m ism atches (47%  m atched versus 44%  with one m ism atch versus 26% 

w ith tw o m ism atches, p= 0.036). C lass II m atch ing  w as not a sso c ia ted  w ith a 

sign ifican t d ifference in O S, though the num ber o f m ism atches w as very sm all. 

H ow ever, C lass II m ism atched pairs had the sam e OS as C lass I m ism atched pairs
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(40%), which was better than pairs mismatched for both Class I and Class II (36%). 

All the significant pre-transplant factors were included in a Cox multivariate analysis; 

younger patients, CMV negative patients, those with a non-malignant disease and 

those without multiple HLA mismatches retained significance in this model (Table 

3.14).

Table 3.14: Risk factors associated with worse overall survival in the whole cohort, in 
univariate and multivariate analysis (Kaplan-Meier analysis)

Variable % Univariate Hazard ratio Multivariate
(P value) (95% Cl) (P value)

Patient over 40 36% 0.009 1.36(1.0; 1.8) 0.048
Donor over 30 40% 0.024 1.34(0.9; 1.8) 0.086
Patient CMV positive 34% 0.014 1.37 (1.0; 1.8) 0.027
Disease subtype
ALL 37% 2.63 (1.1; 6.1) 0.024
AML 36% 2.42 (1.0; 5.6) 0.041
‘Other malignant’ 44% I  0.016 1.84 (0.7; 4.4) NS
CML 54% 1.62 (0.6; 3.8) NS
Non-malignant 75% - -

Late disease stage 39% 0.060 - -

Multiple HLA mismatch 30% 0 . 0 1 1 1.53(1.0; 2.3) 0.045
Multiple Class I mismatch 26% 0.015 - -

Kaplan-Meier univariate analysis to assess the impact of post transplant

complications on OS were performed (Figure 3.6).

The incidence of neutrophil engraftment was not significantly associated with OS, 

however the speed of engraftment was associated. Interestingly, engraftment after the 

median of 18 days was associated with a better OS (53% versus 39%, p=0.039).

The presence of acute GvHD per se did not impact on OS, but when split according 

to grade this was found to have a significant effect on survival. The best OS was seen 

in those with grade I disease (58%), next grade zero (46%) and grade II (46%), with 

the worst overall survival in those with grade III (27%) or grade IV (17%) disease 

(p=0.026). The presence of chronic GvHD was a significant factor determining OS.
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T hose with cG vU D  had an OS o f 65%  com pared to those w ithout, 48%  (p=0.0006). 

T his could be split accord ing  to severity , w ith lim ited cG vH D  offering  a highly 

significant survival benefit com pared to either no cG vH D  or extensive disease (78% 

versus 48%  versus 41% , p<0.0()()l). D isease relapse was associa ted  with a w orse 

overall survival (38% ) than in those who did not relapse (50% ).
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Figure 3.6: The impact o f  post transplant complications on overall survival (A) Acute GvHD  

(B) Chronic G v i i i )  (C) Disease relapse

The cause o f death was relapse in 84 (37% ) cases, infection in 85 (38% ) cases, 

vascular endothelial com plications in eight (3% ) cases, G vH D  in 13 (6% ) cases and 

‘o th er’ in 36 ( 16% ) cases.
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Section 2: Results dependant on the degree and type of HLA mismatch in the

whole group (n=423)

HLA demographics

The number and frequency of alleles at each locus were determined for the patients 

and the donors (see appendix 5 and 6 ). In addition haplotype frequencies were 

generated for a number of different combinations of loci (see appendix 7). In this 

predominantly Caucasoid population, the frequencies were as expected from reports 

in the literature.

HLA allele matches versus antigen matches 

HLA Class I

Of the 111 pairs who were mismatched for Class I (on a Class II (DRBl/DQBl) 

matched background), 8 6  were mismatched for a single allele and 25 for multiple 

alleles. In the pairs with multiple mismatches, one pair each had three allele 

mismatches (one at HLA-B, two at HLA-C) or four allele mismatches (one at 

HLA-A, one at HLA-B, two at HLA-C), while the rest had two allele mismatches. 

In these 25 pairs, 13 pairs had only antigenic mismatches and 12 had allelic and 

antigenic mismatches. None of the multiply mismatched pairs had allelic mismatches 

alone. In the pairs with a single mismatch, 28 were allelic and 58 were antigenic.

In order to compare the effects of antigenic versus allelic mismatches, the group of 

single Class I mismatches were examined. There was no difference in the overall 

survival when comparing allelic to antigenic mismatches (log rank, p=0.822). 

Likewise there was no difference noted in the incidence of either acute or chronic 

GvHD. There was a trend towards increased disease relapse in the allele mismatched 

group compared to the antigen mismatched group (55% versus 31%, p=0.073).

The number of multiple mismatches was low and precluded statistical analysis.
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HLA Class II (DRBl/DQBl)

Only 19 pairs were mismatched for Class II alone, 17 single allele mismatches and 

two multiple. The mismatch was antigenic in three cases (all involved DQBl) and 

allelic in the remainder. These small numbers precluded statistical analysis.

Effects of mismatches at individual HLA loci

HLA-A

There were 40 pairs mismatched at this locus (Table 3.15). In all 40 pairs only one 

allele was mismatched. In 27 pairs the mismatch was antigenic and in 13 cases it was 

allelic. Excluding pairs with mismatches at any other locus, 28 of 310 pairs were 

HLA-A mismatched, i.e. there were 28 pairs with a mismatch only at HLA-A on an 

otherwise HLA matched background. Of these 11 were allelic and 17 antigenic 

mismatches.

A statistical analysis of the impact of mismatching for these 28 pairs failed to reveal 

any impact on any of the transplant complications studied.

Table 3.15: HLA-A mismatches

Patient Donor Number Patient Donor Number
Allele allele of pairs Allele allele of pairs

A*0101 A*1101 1 A*2901 A*2902 1

A*0101 A*0102 1 A*2901 A*3101 1

A*0102 A*0101 1 A*2902 A*2602 1

A*0201 A*0205 4 A*3001 A*3201 1

A*0201 A*0101 1 A*3101 A*3201 1

A*0201 A*6802 1 A*3101 A*0201 1

A*0205 A*0201 1 A*3101 A*0101 1

A*0301 A*0101 1 A*3201 A*3001 1

A*0301 A*0201 1 A*3201 A*2401 1

A*0302 A*0301 2 A*3301 A*3101 1

A*1101 A*0201 2 A*3301 A*2902 1

A*1101 A*0101 1 A*6601 A*2301 1

A*2301 A*3301 1 A*6801 A*6802
A*2402 A*2301 1 A*6801 A*6803 1

A*2402 A*2501 1 A*6801 A*0201 1

A*2501 A*0301 1 A*6802 A*6801 1

A*2601 A*2901 1 A*6901 A*0201 1
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HLA-B

There were 27 pairs mismatched at this locus (Table 3.16). In all 27 pairs only one 

allele was mismatched. In seven pairs the mismatch was antigenic and in 20 cases it 

was allelic. Excluding pairs with mismatches at any other locus, nine of 291 pairs 

were HLA-B mismatched, i.e. there were nine pairs with a mismatch only at HLA-B 

on an otherwise HLA matched background. Only one of these was antigenic, the 

remainder being allelic.

In the nine mismatched pairs there was an highly significant survival disadvantage to 

an HLA-B mismatch (log rank, p=0.0005). This seemed to be contributed to by an 

increase in TRM at one year in the mismatched pairs (p=0.072) as well as an 

increased rate of grade III/IV aGvHD (11% versus 4%), although these were not 

statistically significant findings.

Table 3.16: HLA-B mismatches

Patient Donor Number
Allele allele of pairs

B*0702 B*0705 1
B*1301 B*4402 1
B*1401 B*4001 1
B*1401 B*1402 1
B*1501 B*1524 1
B*1517 B*5501 1
B*2702 B*2705
B*3501 B*3503 1
B*3503 B*3501 1
B*3504 B*3506 1
B*3508 B*3501 1

Patient
Allele

Donor
allele

Number 
of pairs

B*3508 B*3503 1
B*3701 B*4402 1
B*3801 B*3901 2
B*3901 B*3906 1
B*3906 B*3901 1
B*4001 B*4002 1
B*4402 B*4403 4
B*4402 B*4001 1
B*4403 B*4402 2
B*5801 B*5802 1

HLA-C

There were 81 pairs mismatched at this locus (Table 3.17). In 75 pairs only one allele 

was mismatched, and in six pairs both alleles were mismatched. In 67 pairs the 

mismatch was antigenic, in 1 1  cases it was allelic and in three cases there was both an 

allelic and antigenic mismatch.
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Excluding pairs with mismatches at any other locus, 52 of 334 pairs were HLA-C 

mismatched, i.e. there were 52 pairs with a mismatch only at HLA-C on an otherwise 

HLA matched background. In this cohort, nine pairs had allelic mismatches, 43 had 

antigenic mismatches and 282 pairs were HLA-C matched.

Although HLA-C mismatched pairs were not shown to have a statistically different 

rate of OS, TRM, engraftment or disease relapse compared to matched pairs, there 

were a number of positive findings related to GvHD. The incidence of aGvHD was 

increased in the mismatched group compared to the matched group (57% versus 

48%), furthermore there was a trend towards a significant difference when comparing 

the matched pairs to antigenic and allelic mismatched pairs (48% versus 50% versus 

8 8 % respectively, p=0.087). There were no cases of grade III/IV aGvHD in the allelic 

mismatches, 3% in the antigenic mismatched pairs and 4% in the matched pairs. The 

impact of this locus on chronic GvHD was even more striking. Mismatched pairs had 

a significantly greater risk of developing cGvHD than did matched pairs (p=0.002). 

This was reflected by an increased in limited (43% versus 28%) as well as extensive 

disease (21% versus 15%). In addition, those antigen mismatched were much more 

likely to develop this complication than were those with allelic mismatches or those 

matched (p=0.002). There were no cases of extensive disease in the allele 

mismatched group, compared to 26% in the antigenic mismatched group and 15% in 

the matched group (p=0.048).

The 52 pairs which were mismatched for HLA-C on an otherwise HLA matched 

background were scored for KIR ligand incompatibility according to the Cl or C2 

specificity of the alleles. Of these, 25 pairs were matched, 13 had an incompatibility 

in the GvH direction (i.e. the donor has a specificity not shared by the patient) and 14 

had an incompatibility in the HvG direction (i.e. the patient has a specificity not 

shared by the donor). Analysis showed those with a GvH incompatibility to have a 

highly significant survival disadvantage compared either to those who matched or had 

an HvG incompatibility (log rank, p=0.0002). This appeared to be due to both a 

decrease in engraftment and an increase in TRM. None of the patients with matched
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specificities or HvG incompatibility failed to engraft, while two of those with GvH 

incompatibility did (18%). The TRM at 100 days was 38% in those with GvH 

incompatibility (compared to 8 % in matched pairs and 14% in HvG incompatibility, 

p=0.051) and at one year was 73% (compared to 23% and 31% respectively, 

p=0.004). This was double the one year TRM in the whole cohort (36%). There was 

no significant impact seen on acute or chronic GvHD or on disease relapse.

Table 3.17: HLA-C mismatches

Patient Donor Number
Allele allele of pairs

Cw*0102 Cw*1402 1

Cw*0102 Cw*0303 3
Cw*0102 Cw*1502 1

Cw*0102 Cw*0501 1

Cw*0102 Cw*0202 1

Cw*0102 Cw*0304 1

Cw*0202 Cw*0701 1

Cw*0202 Cw*0102
Cw*0202 Cw*0303
Cw*0202 Cw*1502 1

Cw*0202 Cw*0802 1

Cw*0202 Cw*1601 1

Cw*0303 Cw*0304
Cw*0303 Cw*0302 1

Cw*0304 Cw*0303
Cw*0304 Cw*0702 1

Cw*0304 Cw*0501
Cw*0304 Cw*0401 1

Cw*0304 Cw*0202 1

Cw*0401 Cw*1601
Cw*0401 Cw*0302 1

Cw*0501 Cw*0303 1

Cw*0501 Cw*0704 1

Cw*0501 Cw*1601
Cw*0501 Cw*0401 1

Cw*0501 Cw*0701 1

Cw*0602 Cw*0304 1

Cw*0602 Cw*0802 1

Cw*0602 Cw*0501 2

Patient Allele Donor allele Number 
of pairs

Cw*0701 Cw*0702 1

Cw*0701 Cw*1203 1

Cw*0701 Cw*0501 1

Cw*0701 Cw*0303 1

Cw*0702 Cw*0701 1

Cw*0702 Cw*1505 1

Cw*0702 Cw*0304 1

Cw*0704 Cw*0501
Cw*0704 Cw*1601 1

Cw*0704 Cw*0102 1

Cw*0704 Cw*0202
Cw*0304, *0501 Cw*0303, *0704 1

Cw*0202, *0802 Cw*0102, *0304 1

Cw*0303, *0702 Cw*0304, *0304 1

Cw*0401, *0704 Cw*0303, *0501 1

Cw*1203 Cw*0702
Cw*1203 Cw*0401 1

Cw*1203 Cw*0701 1

Cw*1402 Cw*1502 1

Cw*1402 Cw*0202 1

Cw*0702, *0702 Cw*0701,*1203 1

Cw*1502 Cw*0202
Cw*1502 Cw*0102 1

Cw*1601 Cw*0602 1

Cw*1601 Cw*0501 1

Cw*1602 Cw*0501 1

Cw*0701,*1504 Cw* 1203, *1502 1

Cw*1601,*1601 Cw*0304, *0304 1
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HLA-DRBl

There were only eight pairs mismatched at this locus (Table 3.18). In each case only 

one allele was mismatched and in each case the mismatch was allelic.

In only one case was the HLA-DRBl mismatch in a pair that was otherwise HLA 

matched. This precluded any analysis at this locus.

Table 3.18: HLA-DRBl mismatches

Patient Allele Donor allele Number of pairs

DRB1*0103 DRB 1*0101 1

DRB1*0401 DRB 1*0404 1

DRB 1*0407 DRB1*0401 1

DRB1*1104 DRB1*1113 1

DRB1*1301 DRB 1*1302 1

DRB 1*1302 DRB1*1301 1

DRB1*1502 DRB1*1501 2

HLA-DQBl

There were 27 pairs mismatched at this locus (Table 3.19). In 25 pairs only one allele 

was mismatched and in two pairs both alleles were mismatched. In four pairs the 

mismatch was antigenic and in 23 cases it was allelic.

Excluding pairs with mismatches at any other locus, 16 of 298 pairs were 

HLA-DQBl mismatched, i.e. there were 16 pairs with a mismatch only at 

HLA-DQBl on an otherwise HLA matched background. Of these, four were 

antigenic and 1 2  allelic.

There were no statistically significant results seen when comparing the matched to 

the mismatched group. There was a non-significant increase in the TRM at one year 

in the mismatched group (46%) compared to the matched group (31%). All of those 

with antigenic mismatches had died, while only half of those with allelic mismatches 

had died by the end of the study.
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Table 3.19: HLA-DQBl mismatches

Patient Allele Donor allele Number of pairs

DQB1*0201 DQBl *0303 2

DQBl *0301 DQBl *0302 4
DQBl *0301 DQBl *0503 1

DQBl *0302 DQB1*0301 1 1

DQBl *0501 DQBl *0301 1

DQBl *0601 DQBl *0602 1

DQBl *0602 DQBl *0603 2

DQBl *0603 DQBl *0602 2

DQBl *0603 DQBl *0604 1

DQBl*0302, *0609 DQBl*0301, *0603 1

DQB1*0501, *0602 DQBl*0504, *0601 1

Sections: Results dependant on pre-transplant characteristics and HLA

matching in individual disease subgroups

Study group

A roughly equal number of each of the malignant diseases was found in the overall 

group, with a smaller number of patients receiving transplants for a non-malignant 

disease. For characteristics of each individual disease see tables 3.20. For a 

comparison of disease outcomes dependant on disease subgroup see table 3.21.
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Table 3.20: Characteristics dependant on disease subgroup (Chi-squared analysis)

Characteristics CML AML ALL Malignant Non-Malig P
(93) (102) (103) other (101) (24) value

Recipient gender
Male 62% 58% 65% 60% 54% 0.791Female 38% 42% 35% 40% 46%

Donor gender
Male 72% 75% 73% 81% 58% 0.186
Female 28% 25% 27% 19% 42%

Recipient/Donor
Gender matched 60% 57% 61% 65%, 71%
Male/Female 15% 13% 16% 7% 12% 0.566
Female/Male 25% 30% 23% 27% 17%

Recipient CMV serostatus
Negative 71% 70% 70% 65%, 63%
Positive 26% 27% 23%, 34% 33% 0.683
Missing 3% 3% 7% 1% 4%

Donor CMV serostatus
Negative 75%, 77% 74% 83%, 67% 0.360
Positive 25%, 23% 26% 17%, 33%

Recipient/Donor CMV status
Negative/negative 55%, 57% 58%, 59%, 50%
Negative/positive 13%, 13% 12% 6% 13%
Positive/negative 17% 20% 10%, 23%, 13% 0.399
Positive/positive 12%, 8% 14%, 11%. 21%
Missing 3%, 3%, 7% 1%' 4%

Disease stage
Early Phase 81%, 48% 32%, 66%, -

Late Phase 11%, 44% 61%, 20%, -

<0.001
Act ivc/re lapse 8%. 8%, 7% 12%, -

Missing 4% 2%, -

Conditioning Regimen
Myeloablative 94% 73% 83% 33%, 54%
Reduced intensity 6%, 24% 3% 64%, 13% <0.001None - - - - 8%
Missing 4% 15% 3% 25%

Stem Cell Source
Bone marrow 89% 77% 83% 76%, 96% 0.034
PBSC 11% 23% 17%, 24% 4%

T cell Depletion
Yes 96% 91% 73%, 91% 58%
No 3%, 4% 13% 5%, 17% 0.002
Missing 1%, 5% 15%, 4%, 25%

GvHD prophylaxis
Cyclosporin A/ methotrexate 69% 49% 43% 39%, 13%
Cyclosporin A alone 19% 32% 29% 48%, 38%
Other 3%, 1% 4% 1%, 13% <0.001
None 6%, 8% 9% 5%, 13%
Missing 2%, 10% 16% 8%, 23%
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T able 3 .2 1 : C om plications dependant on disease subgroup  (log rank and  C hi-squared  
analysis)

CML AML ALL Malignant
other

Non-
malignant

P value

Pri m a ry n o n - e n g raft ment 9% 1% 2% 1% 14% 0.001
Median day to engraftment 21 18 19 16 18 NS
Acute GvHD 59% 50% 54% 51% 31% NS
Severe aOvHD 6% 5% 3% 8% 0 NS
Chronic GvHD (3 yr) 52% 64% 47% 61% 29% 0.050
Extensive cGvHD 20% 12% 11% 23% 6% 0.078
Day 100 TRM 17% 19% 15% 14% 22% NS
One year TRM 31% 38% 37% 38% 26% NS
Relapse (3 yr) 77% 62% 47% 52% - 0.030
Disease free survival (3 yr) 15% 25% 37% 32% - 0.187
Overall survival (3 yr) 54% 36% 37% 44% 75% 0.016

C M L  s u b g ro u p  

S tu d y  g ro u p

T here w ere 93 pairs w here the patient received a transp lan t fo r C M L . P atien t/donor 

and transp lan t charac teristics can be seen in T able 3.20. T hese transp lan ts  took place 

betw een  S ep tem b er 1996 and N o v em b er 2002  (m edian : S ep tem b er 1999). T he 

m edian patien t age w as 33 (range: 2-58), and the m edian do n o r age w as 36 (range: 

22-52).

H L A  m a tc h in g

O f the 93 pairs, 62 w ere m atched for their H LA  loci, 25 had a C lass I m ism atch only 

(five o f  these w ere m ultip le), th ree  w ere m ism atched  fo r C lass II on ly  (none w ere 

m ultip le) and three had a C lass I and C lass II m ism atch.

Engraftment

Five rec ip ien ts  d ied  prio r to  day 28. O f the 88 rem ain ing  patien ts , e ig h t (9% ) had 

prim ary engraftm ent failure.
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Factors associated with non-engraftment in CML in univariate analysis (Chi-squared 

test, fisher’s exact test for numbers below 5) include the use of a female donor 

compared to a male donor (p=0.046), a CMV positive patient compared to a negative 

patient (p=0.021) and RIC compared to myeloablative conditioning (p=0.091). None 

of these factors remained significant in a multivariate logistic regression analysis.

The median day to neutrophil engraftment was 21 (range: 7-40). Factors impacting on 

this complication are seen in table 3.22.

Table 3.22: Factors associated with faster engraftment in CML in univariate (Kaplan- 
Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patient age over 40 0.019 1.5 (0.8; 2.7) NS
RIC conditioning <0 . 0 0 1 2.8 (0.8; 9.2) 0.075
PBSC <0 . 0 0 1 46(1.9; 10.8) <0 . 0 0 1

Cyclosporin alone 0 . 0 0 2 2.2 (1.2; 4.0) 0.009

Acute Graft versus Host Disease

The overall incidence of aGvHD was 59% (47/80). This was grade I in 14 cases, 

grade II in 28 cases and grade III in five cases. No grade IV disease was seen. Thus 

the overall incidence of severe disease was 6 %. Factors impacting on this 

complication are seen in table 3.23.

Table 3.23: Factors associated with increased aGvHD in CML in univariate analysis 
(Chi-squared test, fisher’s exact Test for numbers below 5)

Variable Percentage
aGvHD

P Value Percentage severe 
aOvHD

P Value

Donor over 30 years 65% 0.048 6 % NS
HLA mismatch 67% NS 15% 0.042
Class I mismatch 67% NS 19% 0 . 0 2 1

In those with no HLA mismatches the incidence of severe aGvHD was 2%. Single 

versus multiple HLA mismatches showed an incremental increase in severe GvHD
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(10% versus 33% respectively), though they showed no difference in the overall 

incidence of aGvHD. Likewise an effect of single versus multiple Class I mismatches 

on the severity of aGvHD was seen (11% versus 6 6 % respectively). There were only 

three pairs mismatched for Class II (on a Class I matched background). All three 

developed mild (grade l/ll) aGvHD. Correcting for donor age, HLA mismatching 

remains associated with severe aGvHD (HR=9.2; Cl 0.91; 90.0, p=0.054) as did 

mismatches at Class I (HR=12.2; Cl 1.2; 117.5, p=0.030), although the confidence 

intervals are very broad.

Transplant Related Mortality

The TRM at day 100 was 17% and at one year was 31%. Factors impacting on this 

complication are seen in table 3.24.

Table 3.24: Factors associated with increased TRM in CML in univariate analysis 
(Kaplan-Meier test)

Variable Day 100 TRM 
(P Value)

1 year TRM 
(P Value)

Patient CMV positive 0.079 NS
Late stage disease NS 0.081
Multiple Class I mismatch NS 0.031

Correcting for disease stage, multiple Class I mismatches show a trend towards 

increased one year TRM (HR=3,0; 95% Cl: 0.8; 10.4; p=0.077). Severe aGvHD was 

significantly associated with increased TRM at one year (80%) compared to those 

with none or mild disease (23%) (log rank, p=0.002). Limited cGvHD showed a trend 

towards protection against TRM at one year (5%), compared to those with no cGvHD 

(16%) or those with extensive disease (36%) (p=0.053).

Chronic Graft versus Host Disease

The three year probability of developing cGvHD was 52% (median: 596 days), 

limited in 60% and extensive in 40%. The presence of prior aGvHD was highly
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predictive for cGvHD (log rank, p=0.0007). The only pre-transplant factor to be 

significantly associated with this complication was HLA matching. There was a trend 

towards higher cGvHD in mismatched pairs (6 8 %) compared to matched pairs (46%) 

(log rank, p=0.051). Class I mismatched pairs were significantly more likely to 

develop this complication than were matched pairs (78% versus 46%) (p=0.016). 

This was similar for single or multiple mismatched pairs. Class II mismatching was 

not associated with this complication. In matched pairs 15% developed extensive 

disease, while this was 30% in the HLA mismatched pairs and 39% in the Class I 

mismatched pairs.

Disease Relapse

The three year probability of relapse was 77% (median: 348 days). There was no 

protective effect on relapse due to the presence of cGvHD. No pre-transplant factors 

were significantly associated with this complication. Of those who suffered relapse, 

40 (83%) received DLL Of the eight who did not receive DLI, five have died due to 

disease and three remain alive. All three were transplanted for disease in first CP. Of 

those 40 who received DLI, 30 (75%) remain alive. The remaining ten have died, four 

due to relapse (three transplanted in late stage disease), two due to GvHD and four 

due to infection.

Disease Free Survival

The three year DFS was 15% (median: 226 days).

Overall Survival

The mean follow up was 1278 days (SD: 622 days) (range: 291-2697). The three year 

OS in this group was 54% (four year, 50%), with a median time to death of 1230 

days. Pre- and post-transplant factors impacting on this complication are seen in 

tables 3.25 and 3.26.
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Table 3.25: Factors significantly associated with worse OS in CML in univariate 
(Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate Multivariate Multivariate
(P Value) Hazard ratio (95% Cl) (P Value)

Patient CMV positive 0.014 1.9 (1.0; 3.7) 0.036
Late disease stage <0 . 0 0 1 3.0 (1.5; 5.9) 0 . 0 0 2

Multiple Class I mismatch 0.019 2.3 (0.7; 6 .8 ) NS

Table 3.26: Post transplant factors associated with worse OS in CML in univariate
(Kaplan-Meier) analysis

Variable Percentage OS P Value
Non-engraftment 
Severe aGvHD

25%
2 0 %

0.083
0.008

AML subgroup 

Study group

There were 102 pairs where the patient received a transplant for AML. Patient/donor 

and transplant characteristics can be seen in table 3.20. These transplants took place 

between January 1997 and October 2002 (median: November 2000). The median 

patient age was 32 (range: 2-65), and the median donor age was 35 (range: 19-56).

HLA matching

Of the 102 pairs, 63 were matched for their HLA loci, 32 had a Class I mismatch only 

(eight of these were multiple), five were mismatched for Class II only (none were 

multiple) and two had a Class I and Class II mismatch.

Engraftment

Five recipients died prior to day 28. Of the 97 remaining patients, only one (1%) had 

primary engraftment failure. This patient received a reduced intensity transplant
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(fludarabine, melphalan, CAMPATH) for AML in first CR using bone marrow with 

no post-transplant immunosuppression. Both patient and donor were male, over 30 

years old and CMV negative. There was one HLA-A allelic mismatch present in 

these pairs.

The median day to neutrophil engraftment was 18 (range: 11-42). Factors associated 

with faster engraftment in AML in univariate (Kaplan-Meier) analysis include 

patients over 40 (compared to younger patients; p=0.026), donors over 30 (compared 

to younger donors; p=0.092) and the use of PBSC (compared to BM; p=0.024). None 

of these retained significance in a multivariate model.

Acute Graft versus Host Disease

The overall incidence of aGvHD was 50% (46/92). This was grade I in 28 cases, 

grade II in 13 cases, grade III in three cases and grade IV in two cases. Thus the 

overall incidence of severe disease was 5%. Factors impacting on this complication 

are seen in tables 3.27, 3.28 and 3.29.

Table 3.27: Factors associated with increased aGvHD in AML in univariate analysis 
(Chi-squared test, fisher’s exact Test for numbers below 5)

Variable Percentage
aGvHD

P Value Percentage severe 
aOvHD

P Value

Patient under 30 years 63% 0 . 0 2 2 1 2 % 0 . 0 2 0

Female donor 62% NS 14% 0.076
Late disease stage 58% 0.072 8 % NS
Myeloablative conditioning 58% 0 . 0 1 1 7% NS
HLA mismatch 64% 0.050 6 % NS
Class I mismatch 64% 0.056 7% NS

In those with no HLA mismatches the incidence of severe aGvHD was 5%. None of 

the patients with a single HLA mismatch developed severe GvHD, compared to 2/8 

(25%) of those with multiple mismatches. Likewise an effect of multiple Class I 

mismatches on the severity of aGvHD was seen (25%). There were only five pairs
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mismatched for Class II (on a Class I matched background). Three developed mild 

(grade I/II) aGvHD, two had no aGvHD and none developed severe disease.

Table 3.28: Factors associated with aGvHD in AML in multivariate analysis (logistic 
regression)

Variable Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patient over 30 years 0.6 (0.2; 1,7) NS
Late disease stage 2.2 (0.8; 5.7) 0.083
RIC conditioning 0.3 (0.1; 1.1) 0.076
HLA mismatch 2.5 (0.9; 6.5) 0.058

Table 3.29: Factors associated with severe aGvHD in AML in multivariate anal) 
(logistic regression)

Variable Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patient over 30 years 0 NS
Female donor 10.4(0.9; 118) 0.057
Multiple HLA mismatch 20.5 (1.2; 334) 0.034

Transplant Related Mortality

The TRM at day 100 was 19% and at one year was 38%. The only factors associated 

with an increased rate of TRM in this group are due to the degree of HLA matching 

(Table 3.30).

Table 3.30: The impact of HLA on 100 day TRM in AML in Cox regression analysis

Variable Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

HLA match 0 -

Class I mismatch 1.7 (0.6; 4.9) NS
Class II mismatch 4.9 (1.0; 23.3) 0.044
Class I and II mismatch 34.6 (6.5; 183) <0 . 0 0 1

At one year, those with multiple HLA mismatches had a TRM of 80%, compared to 

32% in the group of either single mismatched or matched HLA (log rank, p=0.001). 

This was also seen in the Class I mismatched pairs (multiple mismatches TRM =
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75%). The two patients with mismatches at Class I and II died prior to day 28. Both 

of the five Class II mismatched pairs who died due to TRM died prior to day 28.

The presence of chronic GvHD showed a trend to protection against TRM at one year 

(with cGvHD, TRM = 12%, without, TRM = 30%, log rank p=0.055). In those with 

limited cGvHD (25), none had died at one year, compared to 8/27(30%) in those 

without cGvHD and 4/9 (44%) in those with extensive disease (log rank, p=0.005).

Chronic Graft versus Host Disease

The three year probability of developing cGvHD was 64% (median: 375 days), 

limited in 77% and extensive in 23% of these. The presence of prior aGvHD was 

predictive for cGvHD (log rank, p=0.050). Factors impacting on this complication are 

seen in table 3.31. HLA mismatches were not significantly associated with this 

complication in the group.

Table 3.31: Factors associated with increased cGvHD in AML in univariate (Kaplan- 
Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patient age over 30 0.043 2.3(1.1; 4.7) 0.019
Donor age under 30 0.066 2.3 (1.1; 4.5) 0.015
PBSC 0.027 2.0 (0.9; 4.3) 0.059

No factor was significantly associated with the extent of cGvHD.

Disease Relapse

The three year probability of relapse was 62% (median: 537 days). There was no 

protective effect on relapse due to the presence of cGvHD. No pre-transplant factors 

were significantly associated with this complication.
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Two patients received DLI for reasons other than disease relapse (virus control, 

mixed chimerism). Of those who suffered relapse, 21 (47%) received DLL Of these 

21 who received DLI, nine (43%) remain alive. 12 have died, nine due to relapse, one 

due to infection and two due to ‘other’ causes. Of the 24 who did not received DLI, 

five remain alive, 16 died from disease.

Disease Free Survival

The three year DFS was 25% (median: 220 days).

Overall survival

The mean follow up was 1018 days (SD: 528 days) (range: 319-2414). The three year 

OS in this group was 36% (four year, 36%), with a median time to death of 362 days. 

Factors impacting on this complication are seen in table 3.32.

Table 3.32: Factors significantly associated with worse OS in AML in univariate 
(Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patients over 40 0.076 1.3 (0.7; 2.3) NS
Donor over 30 0.063 1.5 (0.7; 3.0) NS
Multiple HLA mismatch 0 . 0 0 2 2.4 (1.1; 5.0) 0.016
Multiple Class 1 mismatch 0.024 - -

The presence of limited cGvHD was associated with a significant survival advantage 

(78%) compared to those with either no cGvHD (37%) or extensive disease (33%) 

(log rank, p=0.0008).

ALL subgroup 

Study group
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There were 103 pairs where the patient received a transplant for ALL. Patient/donor 

and transplant characteristics can be seen in table 3.20. These transplants took place 

between September 1996 and January 2003 (median: November 2000). The median 

patient age was 16 (range: 2-54), and the median donor age was 35 (range: 20-53).

HLA matching

Of the 103 pairs, 67 were matched for their HLA loci, 29 had a Class I mismatch only 

(seven of these were multiple), six were mismatched for Class II only (one had 

multiple mismatches) and one had a Class I and Class II mismatch.

Engraftment

Four recipients died prior to day 28. Two (2%) had primary graft failure. Both 

received a transplant for ALL in third CR using bone marrow. Both were under 15 

and received a gender matched graft from a donor over 30. One patient had an HLA 

matched transplant and the other had multiple Class I mismatches (one antigenic 

mismatch at HLA-A and one allelic mismatch at HLA-B).

The median day to neutrophil engraftment was 19 (range: 4-104). There was a trend 

towards faster engraftment with male donors (p=0.071) and those transplanted in late 

disease stage (p=0.086) and neither were significance in multivariate analysis.

Acute Graft versus Host Disease

The overall incidence of aGvHD was 54% (47/88). This was grade I in 22 cases, 

grade II in 22 cases, grade III in one cases and grade IV in two cases. Thus the overall 

incidence of severe disease was 3%. Factors impacting on this complication are seen 

in table 3.33. No factors were significantly associated with the severity of aGvHD.
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Table 3.33: Factors associated with increased aGvHD in ALL in univariate (Chi- 
squared test, Fisher’s Exact Test for numbers below 5) and mutivariate analysis 
(logistic regression)

Variable % aGvHD P Value Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patient under 15 years 66% 0.042 1.9 (0.8; 4.9) NS
Class I mismatch 70% 0.071 2.3 (0.8; 6.7) 0.099

Transplant Related Mortality

The TRM at day 100 was 15% and at one year was 37%. Factors impacting on this 

complication are seen in table 3.34.

Table 3.34: Factors associated with higher TRM in ALL in univariate analysis

Variable Percentage 
DlOO TRM

P Value Percentage 
one year TRM

P Value

Patient over 30 32% 0.013 54% 0.060
Donor over 30 16% NS 43% 0.092
Female patient/ male donor 25% 0.094 47% NS
Transplant in relapse 33% NS 75% 0.036

When correcting for donor gender, patient age over 30 remains significantly 

associated with higher TRM at 100 days (HR=3.2, 95% Cl 1.1; 9.0, p=0.028). The 

group with both patient and donor under 30 had a much lower risk of TRM at one 

year (7%) compared to all other age combinations (44%) (log rank, p=0.017).

Limited cGvHD protected against TRM (none of these had died at one year), 

compared to 8/34 (24%) in those without cGvHD and 5/8 (63%) in those with 

extensive disease (log rank, p=0.003).

Chronic Graft versus Host Disease

The three year probability of developing cGvHD was 47%, limited in 69% and 

extensive in 31% of these. The only variable to show a trend towards increased
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cGvHD was using a non TCD graft (p=0.062), this was not associated with more 

extensive cGvHD.

Disease Relapse

The three year probability of relapse was 47% (median: 1223 days). There was no 

protective effect on relapse due to the presence of cGvHD. Factors impacting on this 

complication are seen in table 3.35.

Table 3.35: Factors significantly associated with increased relapse in ALL in 
univariate (Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patients over 30 0.086 2.2 (0.9; 5.0) P=0.062
Male patients 0.047 1.8 (0.8; 4.1) NS
Transplant in relapse <0.001 1.6 (0.8; 3.0) NS

Of those who suffered relapse, seven (19%) received DLL Of these seven who 

received DLI, one remains alive. Six have died, four due to relapse, one due to GvHD 

and one due to ‘other’ causes. Of the 30 who did not received DLI all have died, 27 

died from disease and three due to infection.

Disease Free Survival

The three year DFS was 37% (median: 273 days).

Overall survival

The mean follow up was 1007 days (SD: 555 days) (range: 154-2356). The three year 

OS in this group was 37% (four year, 37%), with a median time to death of 374 days. 

Factors impacting on this complication are seen in table 3.36.
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Table 3.36: Factors significantly associated with worse OS in ALL in univariate 
(Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patients over 30 0.028 1.9 (0.9; 3.6) 0.051
Donor over 30 0.072 1.5 (0.7; 3.1) NS
Patient CMV positive 0.068 1.6 (0.8; 3.1) NS
Transplant in relapse 0.016 1.8 (1.1; 3.1) 0.011

The group with both patient and donor under 30 had a better OS (64%) compared to 

all other age combinations (31%) (log rank, p=0.023). HLA mismatching did not 

impact on overall survival. The presence of limited cGvHD was associated with a 

significant survival advantage (68%) compared to those with either no cGvHD (40%) 

or extensive disease (22%) (log rank, p=0.021).

Other Malignancy subgroup

Study group

There were 101 pairs where the patient received a transplant for a malignant disease 

other than acute leukaemia or CML (Table 3.37). Patient/donor and transplant 

characteristics can be seen in Table 3.20. These transplants took place between 

August 1997 and January 2003 (median: March 2001). The median patient age was 

46 (range: 2-63), and the median donor age was 34 (range: 21-55).

Table 3.37: Specific Diagnoses for ‘other malignant disease’

Specific Diagnosis Number of
_________________________________________________________________________ cases_____
CLL 6
Hodgkin’s Disease 9
Chronic/Juvenile Myelomonocytic Leukaemia 2/2
Myelodysplasia 36
Myeloma/Plasma Cell Leukaemia /W aldenstrom’s M acroglobulinaeia 13/1/1
Myelofibrosis 2
Non-Hodgkin’s Lymphoma_________________________________________________ 29______
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HLA matching

Of the 101 pairs, 74 were matched for their HLA loci, 18 had a Class I mismatch only 

(four of these were multiple), four were mismatched for Class II only (one had 

multiple mismatches) and five had a Class I and Class II mismatch.

Engraftment

One recipient died prior to day 28. One (1%) had primary graft failure. This patient 

received a reduced intensity conditioning TCD transplant for NHL in partial 

remission using bone marrow with cyclosporin alone as post transplant 

immunosuppression. Both patient and donor were over 30, the patient was male and 

CMV negative and the donor female and CMV positive. The pair had one allelic 

mismatch at HLA-A.

The median day to neutrophil engraftment was 16 (range: 6-53). Factors impacting on 

this complication are seen in table 3.38.

Table 3.38: Factors associated with faster engraftment in malignant other group in 
univariate (Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Donor CMV positive <0.001 2.2 (1.1; 4.5) 0.018
Cyclosporin alone 0.010 1.7 (1.0; 2.8) 0.035
Class II mismatch 0.071 2.9 (1.0; 8.4) 0.040

Acute Graft versus Host Disease

The overall incidence of aGvHD was 51% (49/96). This was grade I in 22 cases, 

grade II in 19 cases, grade III in six cases and grade IV in two cases. Thus the overall 

incidence of severe disease was 8%. Factors impacting on this complication are seen 

in table 3.39.
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Table 3.39: Factors associated with increased aGvHD in the ‘malignant other’ group 
in univariate analysis (Chi-squared test, Fisher’s Exact Test for numbers below 5)

Variable Percentage
aOvHD

P Value Percentage 
severe aOvHD

P Value

Patient under 40 years 70% 0.003 16% 0.035
Donor under 30 years 64% 0.096 11% NS
Myeloablative conditioning 62% NS 16% 0.079
Class II mismatch 100% 0.071 50% 0.031
Class I and II mismatch 80% NS 40% 0.054

Both patient and donor age remained significantly associated with aGvHD in 

multivariate analysis. But none of the factors associated with severe disease 

maintained significance.

Transplant Related Mortality

The TRM at day 100 was 14% and at one year was 38%. Factors impacting on this 

complication are seen in table 3.40.

Table 3.40: Factors associated with higher TRM in the malignant other group in 
univariate analysis

Variable Percentage 
DlOO TRM

P Value Percentage 
one year TRM

P Value

Female patient 26% 0.006 63% <0.001
Female donor 26% 0.071 41% NS
Multiparous females 44% 0.072 44% NS
Multiple HLA mismatches 40% 0.018 67% 0.030

In HLA matched pairs the day 100 TRM was 10%, compared to 17% in Class I 

mismatched pairs, 25% in Class II mismatched pairs and 60% in those mismatched 

for Class I and II (log rank, p=0.015). In HLA matched pairs the one year TRM was 

29%, compared to 53% in Class I mismatched pairs, 67% in Class II mismatched 

pairs and 80% in those mismatched for Class I and II (log rank, p=0.006).
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Female patients remained significantly associated with increased TRM at 100 days 

(HR=3.5, Cl 1.0; 11.9; p=0.038) and one year (HR=3.4, Cl 1.6; 7.0; p=0.001) in 

multivariate analysis.

Chronic GvHD protected against TRM at one year (18%) compared to those without 

this complication (35%) (log rank, p=0.088).

Chronic Graft versus Host Disease

The three year probability of developing cGvHD was 61% (median: 321 days), 

limited in 58% and extensive in 42% of these. The presence of prior aGvHD was 

highly predictive for the development of cGvHD (log rank, p=0.003). The only 

variable to show a trend towards increased cGvHD was the use of a PBSC graft 

compared to bone marrow (p=0.079), this was not associated with a significant 

increase in extensive cGvHD.

Disease Relapse

The three year probability of relapse was 52% (median: 907 days). There was no 

significant protective effect on relapse due to the presence of cGvHD. Factors 

impacting on this complication are seen in table 3.41.

Table 3.41: Factors significantly associated with increased relapse in the malignant 
other group in univariate (Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate 
(P Value)

Multivariate 
Hazard ratio (95% Cl)

Multivariate 
(P Value)

Patients over 30 0.074 2.2 (0.8; 6.0) 0.098
Transplanted in relapse 0.003 3.3 (1.4; 7.6) 0.004
RIC conditioning 0.070 1.6 (0.6; 3.9) NS

Three patients received DLI for reasons other than disease relapse (mixed chimerism, 

viral control). Of those who suffered relapse, 18 (52%) received DLI. Of these 18
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who received DLI, 12 remain alive. Six have died, four due to relapse (all of whom 

had myeloma), one due to graft failure following DLI (T-NHL) and one due to ‘other’ 

causes (CLL). Of the 17 who did not received DLI 13 have died, 10 died from 

disease.

Disease Free Survival

The three year DFS was 32% (median: 227 days).

Overall survival

The mean follow up was 786 days (SD: 375 days) (range: 160-1835). The three year 

OS in this group was 44% (four year, 38%), with a median time to death of 632 days. 

Factors impacting on this complication are seen in table 3.42.

Table 3.42: Factors significantly associated with worse OS in malignant other group 
in univariate (Kaplan-Meier) and multivariate (Cox regression) analysis

Variable Univariate Multivariate Multivariate
(P Value) Hazard ratio (95% Cl) (P Value)

Female patients 0.002 2.3 (1.3; 4.0) 0.002
Multiple HLA mismatches 0.056 2.2 (1.0; 5.1) 0.047

Those with severe aGvHD (0.053) and without cGvHD (0.054) had a trend towards a 

worse OS.

Non-malignant subgroup 

Study group

There were only 24 pairs where the patient received a transplant for a non-malignant 

disease (Table 3.43). Patient/donor and transplant characteristics can be seen in Table 

3.20. These transplants took place between October 1997 and July 2002 (median:
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October 1999). The median patient age was two (range: <1-15), and the median 

donor age was 35 (range: 20-54).

Table 3.43: Specific diagnoses in those with non-malignant disease

Specific Diagnosis Number of cases
Aplastic Anaemia 4
Hurler’s Syndrome 7
SCID 5
Schwachmann-Diamond 2
W iskott Aldrich 1
Osteopetrosis 1
CD40L Deficiency 1
Omenn ’ s S yndrome 1
Adrenoleukodystrophy 1
Cartilage Hair Hypoplasia 1

HLA matching

Of the 24 pairs, 16 were matched for their HLA loci, seven had a Class I mismatch 

only (one of these was multiple) and one was mismatched for Class II only (single 

mismatch).

Engraftment

Two recipients died prior to day 28. Three (14%) had primary graft failure. All three 

received T cell depleted myeloablative transplants using bone marrow and 

cyclosporin alone. The diagnoses were Osteopetrosis, Hurler’s Syndrome and 

Aplastic Anaemia. All three patients were female and CMV negative. The donors 

were CMV negative, over 30 and, in two cases, female. Two pairs were HLA 

matched, the third had an antigenic mismatch at HLA-C.

The median day to neutrophil engraftment was 18 (range: 12-30). There was slower 

engraftment seen with female donors (p=0.034), and in those with HLA mismatches

(p=0.006).
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Acute Graft versus Host Disease

The overall incidence of aGvHD was 31% (5/16). This was grade I in three cases and 

grade II in two cases. Four of these were HLA matched, one had a single antigenic 

mismatch at HLA-C. Four had TCD transplants (using ATG) and the fifth was T cell 

replete.

Transplant Related Mortality

The TRM at day 100 was 22% and at one year was 26%. At day 100 three patients 

had died due to infection, one due to VOD and one due to ‘cardiac causes’ (these 

were all HLA matched with their donors). There was only one additional death before 

one year, due to EBV post transplant lymphoproliferative disorder (in this case there 

was an antigenic HLA-C mismatch).

Chronic Graft versus Host Disease

The three year probability of developing cGvHD was 29%, limited in four patients 

(two HLA matched and two with an HLA-C mismatch) and extensive in one (this 

patient had an HLA-A mismatch and a T cell replete transplant).

Overall survival

The mean follow up was 903 days (SD: 553 days) (range: 89-2240). The three year 

OS in this group was 75% (four year, 75%).

Successful neutrophil engraftment was associated with a significant survival 

advantage compared to non-engraftment (p=0.019). HLA matching did not have 

significant impact on overall survival.
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Discussion

Introduction

This is a mixed group of transplant recipients (various diseases, in all stages, different 

treatment protocols etc) who are linked by the common factor of receiving stem cells 

from an unrelated donor. Therefore, while they are homogenous in one way, there are 

other marked differences between them. In view of the above the discussion has been 

separated into four sections. An overview of the impact of individual complications is 

given in section one. The impact of HLA matching (section two), disease subgroup 

(section three) and donor factors (section four) is considered more fully in the 

sections as indicated.

Section 1: The impact of non-HLA factors on transplant complications

Primary graft failure (non-engraftment) is believed to be mediated by host immune 

elements which have survived the conditioning process. This is now a relatively 

uncommon event overall following the introduction of HLA matching between 

patient and donor and the use of highly immunosuppressive and/or myeloablative 

treatments pre-transplantation. The advent of T cell depletion of the inoculum for 

GvHD control dramatically increased the risk of graft failure (Marmont, et al 1991). 

One of the strategies to deal with this was the addition of in-vivo T cell depletion as 

part of the conditioning regimen which has largely addressed this problem. Using 

CAMPATH as a method of TCD (as in this study) not only are the host immune cells 

depleted, but there is in addition depletion of the donor immune cells when they are 

infused, as the CAMPATH is still present and active within the patients circulation on 

the day of transplant. With the use of CAMPATH in-vivo (+/- ex-vivo), non- 

engraftment has been reduced to less than 10% (Hale and Waldmann 1994).

In this study the rate of primary graft failure was low (3.7%), however there were 

significant differences seen dependant on the disease subtype. In the acute leukaemias
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and the group of non-leukaemic malignant disease the rate was extremely low, at 1%. 

This was significantly higher in the group with CML (9%) and in the group with non- 

malignant disease (14%), and is discussed further in section 3. The use of a bone 

marrow graft (as compared to a PBSC graft) showed a trend towards an increase in 

primary graft failure, in fact while 5% of BM recipients failed to engraft, none of 

those receiving PBSC in the cohort suffered primary graft failure. It should be noted 

however that in this study PBSC was more likely to be used in the acute leukaemias 

or ‘other malignant’ group, i.e. the diseases with lower rates of graft failure. Another 

reason to explain this trend may be related to the cell dose, which is known to be 

higher in PBSC grafts, however this could not be verified in this group as the final 

number of CD34+ and T cells infused in the patients was often not known. Indeed, 

when using CAMPATH, the final infused T cell number and the number of residual 

host T cells is difficult to estimate. The use of CAMPATH in RIC transplants, even in 

the context of a BM graft, is associated with high rates of engraftment, which is rapid 

(Chakraverty, et al 2002). HLA and donor related factors which impact on 

engraftment rate are discussed in sections 2 and 4.

The time that is taken to achieve neutrophil engraftment has also been shown to 

impact on transplant outcome (Davies, et al 2000). The median time to engraftment in 

the large study group was 18 days. A number of factors were significantly associated 

with faster engraftment: the use of PBSC, RIC regimens, older patients, CMV 

seropositive patients and those transplanted for ‘other malignant’ diseases. Many of 

these factors have significant associations with each other. In particular, patients with 

a diagnosis of ‘other malignant disease’ had significant associations with age over 40 

years (chi-squared, p<0.0001), the use of RIC (p<0.0001) and a trend towards the 

increased use of PBSC (p=0.069). In addition, age over 40 years was significantly 

associated with the use of PBSC (p=0.012). It is recognised that the use of both a 

PBSC graft and RIC result in fast engraftment and a short period of neutropenia 

(Ringden, et al 1999, Saito, et al 2003, Scott, et al 1998b). The reason for faster 

engraftment using PBSC is likely to be the increased number of cells in the graft 

compared to BM (Favre, et al 2003, Ringden, et al 1999). There were no data
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available on the chimeric status of the recipients at the time of engraftment, hence it 

is not possible to state that the engraftment was 100% donor at this time. It was 

shown that patients who were CMV positive had faster engraftment. This was not 

affected by the donor CMV status. There is no obvious explanation for this finding, in 

fact it has previously been reported that CMV negative recipients have a faster 

engraftment (Davies, et al 2000, Leung, et al 2001). This finding however was not 

significant in multivariate analysis suggesting that this may be due to associations 

that are present.

The disease type was associated with a significant difference in the speed of 

engraftment, CML was the slowest and ‘other malignant’ group the fastest. This is 

likely to be explained by the different conditioning protocols and stem cell source 

used for different diseases.

Acute Graft versus Host Disease, and the degree thereof, is a major determinant of 

overall survival in unrelated donor HSCT. Acute GvHD is defined as occurring 

within the first 100 days after transplantation and is graded according to severity of 

involvement of the skin, liver and gut. The grade assigned by the physician is 

generally by clinical observation, with or without histological support. This means 

that in practise there may be some disparity in the grading which individual observers 

assign (i.e. patients graded as I by one observer may be graded as II by another 

(Martin, et al 1998)). This should be taken into account when comparing cohorts of 

patients from a single centre, to those gathered by a register reported to by numerous 

centres. Nevertheless, more severe aGvHD (grade III/IV) is universally believed to 

have a deleterious effect on transplant outcome, whereas milder grades (and 

particularly grade I) may be associated with a better outcome (Kernan, et al 1993, 

Ringden, et al 1999). One of the most efficient methods for preventing GvHD, 

besides HLA matching, is recognised to be T cell depletion (Ho and Soiffer 2001). 

The use of CAMPATH as a T cell depleting agent is very effective in reducing the 

incidence of aGvHD (especially severe disease) in the context of both myeloablative 

or RIC transplant protocols (Chakraverty, et al 2002, Kernan, et al 1993, Kottaridis,
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et al 2000, Marks, et al 2000). CAMPATH was used in-vivo in the majority of 

transplant recipients in this study, hence the relatively low incidence of this 

complication. It is particularly evident in the very low incidence of clinically severe 

GvHD of 6%. In view of the fact that so few patients received T cell replete grafts 

this variable did not reach significance in univariate analysis of the overall incidence 

of aOvHD, however, it becomes so when included in multivariate analysis. It is, in 

addition, seen to be significantly protective against the occurrence of severe GvHD. 

The use of T cell depletion and RIC regimens in this cohort were significantly linked 

(99% of those having an RIC regimen had TCD in addition, compared to 91% who 

received myeloablative regimens, p=0.003). Patients under 40 and those receiving 

myeloablative conditioning were more likely to develop this complication. RIC 

transplants have been reported to result in a lower incidence of aGvHD due to 

(amongst other reasons) limited tissue injury at the time of conditioning and 

differences in the type of immunosuppression used (Mielcarek, et al 2003). Patient 

age and conditioning were linked, patients under 40 were much more likely to receive 

myeloablative conditioning regimens than were those over 40 (88% of patients under 

40 had myeloablative conditioning, compared to 46% over 40, p<0.001). Neither 

factor was associated with an increase in severe aGvHD, suggesting that these factors 

may have a balance of positive and negative effects on outcome. In other words, the 

older patients and those receiving myeloablative conditioning regimens do not 

necessarily suffer a worse outcome due to the occurrence of aGvHD. It is certain that 

additional factors (e.g. DPBl, mHags) must come into play which will have an 

additive or protective effect on this outcome resulting in a severe or mild phenotype.

Chronic GvHD is the most common non-relapse problem affecting long-term 

survivors of HSCT (Higman and Vogelsang 2004). By definition, it occurs after 100 

days post transplant. This is a somewhat arbitrary cut-off as it may follow directly 

after aGvHD or arise de novo at a later time point, and it is not clear if these two 

entities have the same pathogenesis. The basic pathophysiology remains poorly 

understood. Although donor T cells may play a central role in both acute and chronic 

disease, the cytokine profile is different: cGvHD is a T„2 disease (Ferrara, et al 1997)
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with immunodeficiency and auto-immunity. This disease may be due to both 

alloreactive and autoreactive T cells. There is in addition evidence of B cell 

dysregulation (Pahwa, et al 1982). Clinical features of cGvHD have been likened to 

those seen in auto-immune disease and autoantibodies can be found. One theory is 

that aberrant recovery of the immune system leading to a loss of normal regulation 

with the development of auto-reactive T cell clones is causative (Higman and 

Vogelsang 2004). This may occur as a result of impaired tolerization of peripheral T 

cells which undergo expansion in response to host-derived antigens (Mackall and 

Gress 1997). Another postulated mechanism is that acute GvHD may result in thymic 

damage leading to faulty negative selection processes (Sullivan, et al 1991), thus the 

two may be continuous but not identical in mechanism. Another mechanism which 

may be implicated in the pathogenesis of cGvHD is the use of Cyclosporin for the 

treatment of aGvHD, which may lead to the production of auto-reactive T cells 

(Jones, et al 1989).

The most commonly used classification system for cGvHD divides patients into those 

with extensive disease and those with limited disease. As with the grading of aGvHD 

it may not be reliable to compare the extent assigned by different transplant centres to 

each other (Lee, et al 2002). In addition, it may be more clinically relevant to classify 

disease by the type of onset or mortality risk. For example those with disease 

progressive from aGvHD have a poor prognosis compared to those where the disease 

arises de novo who have a good prognosis (Higman and Vogelsang 2004). Extensive 

disease has a high morbidity and mortality consequent on prolonged 

immunosuppression and a high TRM (Socie, et al 1999).

The three year probability of cGvHD in this cohort was relatively low at 55% (it may 

be as high as 80% in UD transplants). This was limited in two thirds of cases, and 

both limited and extensive disease were highly predicted for by the previous 

occurrence of aGvHD as has been well described (Higman and Vogelsang 2004, 

Ratanatharathorn, et al 2001). The occurrence of cGvHD increased in a linear fashion 

when correlated to the grade of aGvHD and the likelihood of developing extensive
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cGvHD was more than double in patients who had grade III/IV aGvHD than those 

who had grade O-II disease, as has been reported by the JMDP (Morishima, et al 

2002).

The use of PBSC grafts was associated with an increase in cGvHD. Although this has 

previously been shown in the related donor setting (Scott, et al 1998b, Storek, et al 

1997, Tanimoto, et al 2004), this is the first time it has been reported in the unrelated 

donor setting. In line with previous reports (Storek, et al 1997), there was a higher 

proportion of de novo cGvHD in those receiving PBSC (42%) compared to those 

receiving bone marrow (32%). The increase in cGvHD is believed to be due in part to 

the higher CD34+ cell dose (but not the CD3+ cell dose) infused (Zaucha, et al 

2001). In addition, the graft which is obtained after GCSF mobilisation is skewed 

towards a Ty2 phenotype (Pan, et al 1995, Storek, et al 1997) perhaps predisposing 

towards cGvHD, rather than aGvHD. The use of T cell depletion resulted in a much 

lower incidence of this complication. It has been suggested that this is the only 

intervention used to decrease aGvHD which also decreases cGvHD (Higman and 

Vogelsang 2004). T cell depletion using CAMPATH not only depletes T cells, but 

also B cells, NK cells and dendritic cells. No TCD and the use of PBSC resulted in an 

increase in both limited and extensive disease, thus not directly predicting for a 

difference in overall survival due to this complication. Older patient age has been 

consistently observed as a risk factor for increased cGvHD (Higman and Vogelsang 

2004), presumed to be due to the more rapid recovery of thymic function in children 

(Mackall and Gress 1997). Although this was not significant in this group, there was 

a lower incidence of this complication in transplant recipients under the age of 15, but 

all older age groups had a similar incidence. The percentage of those with extensive 

disease was not less in those under 15.

TRM (or non-relapse mortality) was examined at day 100 and one year in this cohort 

of patients. The TRM across all disease categories and risk groups was 17% at day 

100 and 36% at one year. Older patients and those who were CMV seropositive prior 

to transplant had an increased TRM. Although there was no significant difference in

131



the cause of death between any of these groups, there was a suggestion of an increase 

in deaths due to infection in the CMV positive group and due to organ toxicity in the 

older patients. It is well recognised that older patients are more at risk of organ 

toxicity, hence the introduction of RIC regimens in this group to attempt to reduce 

one of the causative factors. In this cohort death due to CMV disease in the CMV 

positive patients is rare. This is due to the very efficient strategies of prevention 

which are practiced, either using prophylactic or pre-emptive antiviral strategies 

(Ljungman 2002, Prentice, et al 1994, Prentice, et al 1997). It would appear that these 

patients are more susceptible to infections by bacterial and fungal pathogens which 

may be explained by an immunosuppressive effect of the CMV itself (Craddock, et al

2001). Not surprisingly the presence of severe aGvHD was associated with a higher 

TRM. There was a significant decrease in TRM in patients with limited cGvHD, in 

particular if this arose de novo.

Disease relapse is a major complication following HSCT. The incidence differs 

widely dependant on such factors as disease and stage at transplant, donor type, 

conditioning and GvHD incidence and prophylaxis (Remberger, et al 2002a). The 

three year probability of disease relapse was 59%, in this cohort of mixed high and 

low risk transplant recipients. Although disease relapse is thought to be higher after T 

cell depletion, a number of studies in UD transplants have failed to show this 

(Hessner, et al 1995, Lowdell, et al 1998).

In this cohort, the two factors found to impact on this outcome are disease subtype 

and patient age and they will be discussed more fully in the disease section. There 

was no significant difference in disease relapse in those transplanted in early 

compared to late stages disease, however those transplanted with active disease were 

significantly more likely to relapse. It is likely that the early and late disease group 

had different conditioning protocols and therefore they cannot be directly compared.

There is evidence to show that the presence of a graft versus malignancy effect exists 

following transplantation and is responsible in part for preventing disease relapse. It
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is believed that this effect may co-exist with graft versus host disease, and therefore 

the presence of GvHD will be protective against relapse (Horowitz, et al 1990, 

Ringden, et al 1996). This has been shown in the context of chronic GvHD in both 

the unrelated (Lee, et al 2002) and related donor setting (Brunet, et al 2001, Lee, et al

2002). However, it has also previously been reported that a graft versus leukaemia 

effect may operate in the absence of GvHD (Ringden, et al 2000), in particular in a T 

cell depleted setting (Horowitz, et al 1990). A recent publication has confirmed this 

may occur. The authors were able to demonstrate that the T cells mediating GvL were 

different to those mediating GvHD (Michalek, et al 2003).

In this cohort there was no protective effect of cGvHD on relapse, either in the large 

cohort or in any of the individual disease groups. This would argue against cGvHD 

and GvL being mediated by the same subset of allo-reactive cells in this group. In 

contrast, there was a significant protective effect of aGvHD on relapse, which could 

also be stratified dependant on the grade of aGvHD. All grades of aGvHD predicted 

for a lower incidence of disease relapse, and those who had grade III or IV disease 

had a relapse rate of below 30%. This has been reported in paediatric transplants 

(Neudorf, et al 2004) and UD transplants (Remberger, et al 2002a). This supports an 

argument in favour of acute and chronic GvHD being mediated by different 

mechanisms. In an attempt to investigate this further those who developed cGvHD 

were divided into those with or without prior aGvHD. When comparing these two 

groups there was no significant protection by either group on disease relapse.

The three year probability of OS was 45% (mean follow-up of 1013 days; six year 

survival = 40%). This is comparable to other studies where a mixed cohort of disease 

types and stages have been studied together (Romenberg, et al 2004, Morishima, et 

al 2002, Remberger, et al 2002a). A number of pre-transplant factors impacted 

significantly on OS. The disease subtype was important, the highest OS being seen in 

those with non-malignant disease, followed by CML, the ‘other malignant’ group and 

the worst OS was seen in those with acute leukaemia. Reasons for this include.
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amongst others, the stage of the disease, the age of the recipient and the response of 

disease relapse to treatment and will be discussed further in the section 3.

Older patient age and positive patient CMV serostatus predicted for a significantly 

worse overall survival in both univariate and multivariate analysis as has been 

reported by many other groups (Cornelissen, et al 2001, Hansen, et al 1998, Nichols, 

et al 2002). Both these factors were due to the increase that was observed in TRM. 

There was a trend towards worse OS in those transplanted in later stage disease (or 

active disease/ relapse).

There was a profound impact of post-transplant complications on OS. The incidence 

of non-engraftment in the whole group was low and did not show a significant 

correlation with OS, however the speed of engraftment did. In fact, engraftment after 

the median day was associated with a better OS. This is likely to be related to the 

factors associated with faster engraftment such as the use of PBSC or RIC, both of 

which were more likely to be used in the ‘other malignant’ disease group.

Severe acute GvHD was associated with a significant survival detriment with a 3 year 

probability of survival of just 24%, as has been shown by other groups (Remberger, 

et al 2002a). Deaths attributed directly to aGvHD were uncommon, however as this 

predicted strongly for chronic GvHD, with the consequent immunosuppressive 

effects, there was a significant effect of severe aGvHD on the TRM at one year, 

related in part to infectious deaths. The presence of grade II aGvHD resulted in a 

similar overall survival to the pairs with no aGvHD, however there was a survival 

advantage to having grade I aGvHD. Unfortunately, from the data available in this 

cohort, it was not always possible to ascertain whether the patients with grade I 

disease received treatment. However, in many cases the patient may simply have 

been ‘observed’ or have received topical treatment which would impact on the 

complications consequent on the use of immunosuppressive agents, in particular 

steroids. In addition, low grades of aGvHD predict for limited (rather than extensive) 

cGvHD which in this cohort was associated with a highly significant survival
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advantage. Although those with extensive disease had a worse overall survival than 

those with no cGvHD, this was not significant, and may reflect the fact that the 

overall incidence of this complication was low due to the use of TCD in this cohort. 

The reason for this marked survival benefit associated with limited cGvHD is 

believed to related to the GvL effect (Lee, et al 2002). It is striking then, that in this 

cohort, there was no protective effect of GvHD seen on disease relapse, either in the 

whole cohort, or in any of the individual disease cohorts. Surprisingly, limited 

cGvHD was highly protective against TRM at one year especially if this had arisen de 

novo. Therefore there is an implication in this group of T cell depleted transplants, 

that a mild degree of cGvHD is associated with a superior outcome, not linked to 

disease relapse, but to a protective effect against TRM. A similar finding has been 

reported previously (Lee, et al 2002), but in that study cGvHD was also protective 

against relapse. A possible reason for the finding in the current study may be that 

patients who develop (or continue to have) chronic GvHD are more likely to be 

started (or maintained) on antimicrobial prophylaxis and hence be protected from 

infectious deaths. An additional, highly speculative, reason may be that patients with 

cGvHD are being assessed in clinic more often, and complications arising may be 

identified and dealt with earlier.

Section 2: The impact of HLA matching on transplant complications

The primary aim of this thesis was to study the impact which the degree of matching 

for HLA alleles has on the outcome of unrelated donor HSCT. Particular emphasis 

was placed on the resolution of the tissue typing. A prerequisite for inclusion in this 

study was that all six major HLA genes considered had to have been typed to a high 

resolution (in practice, that each HLA allele could be assigned a four digit allele 

name). The reasons for this have been outlined in the introduction and in summary 

are as follows: 1) it has been impossible to discuss the impact of mismatching at a 

particular locus if the degree of matching at the other loci is unknown, as these effects 

are likely to be additive 2) although strong LD exists across the MHC it is well 

recognised that certain HLA alleles at one locus may associate with a number of
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different alleles at a second locus, making the ‘prediction’ of allele assignments 

unreliable for some loci 3) it appears that outcome may be related to differences 

within an allelic group and not just across antigenic differences, thus making it 

important to have identified the actual sequence of the allele typed (in the 

polymorphic regions) which may help to define the HLA residues which are 

important in various complications. A second area of emphasis was in analysing the 

effect of mismatches at a particular allele on a matched background. For example, the 

impact of mismatching for HLA-A can only accurately be assessed in pairs that are 

matched for all other HLA alleles in order to exclude additive or confounding effects. 

Likewise the effect of mismatching for a particular residue (e.g. amino acid position 

116 on the Class I molecule), needs to be analysed only in pairs that are mismatched 

for Class I. Including matched and mismatched pairs will clearly skew the data as a 

large proportion of those matched for position 116 will obviously be completely 

matched for their Class I HLA alleles, which we know to be important in determining 

transplant outcome irrespective of matching for position 116. All of the conclusions 

in this study are based on the above, unless explicitly stated.

This study includes patients transplanted for a broad range of haematological 

diseases, between 1996 and 2003. Due to the evolving nature of donor choice 

algorithms over this period there are certain limitations to this study. In particular the 

very low number of mismatches that were seen for HLA Class II (specifically 

DRBl). This is likely to reflect a conscious choice by transplant physicians to avoid 

DRBl mismatches on the basis of a paper published in 1995 (Petersdorf, et al 1995) 

which reported the deleterious effect of DRB1 mismatching on aGvHD and transplant 

outcome. This means that the analysis of the impact of mismatching for Class II 

(DRBl and DQBl) has been limited and thus often, even although showing a trend, 

not reached statistical significance. Another important area is when looking at 

individual locus mismatches. Most physicians have tried, if possible, to avoid 

multiply mismatched pairs. There are two areas where this may impact on this 

analysis. First, the earlier transplants (i.e. those with only serological typing pre 

transplant) may be more likely to have multiple mismatches and it has been shown by
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some groups that the time period at which the transplant was performed is important 

(Locatelli, et al 2002). Second, when analysing the effect of mismatching at one 

locus, there are often too few mismatches to be able to draw strong statistical 

conclusions.

The largest number of mismatches at a single locus were at HLA-C (81). This 

finding is not surprising and can be explained by a number of factors. First, the LD 

between HLA-B and HLA-C alleles is such that more than one HLA-C allele may 

commonly associate with a particular B allele (Bunce, et al 1996). Second, as this is a 

retrospective study, the techniques used pre-transplant to HLA type the pairs may not 

have been able to distinguish to allele level, resulting in subtype mismatches. Third, 

testing (even serological) for HLA-C pre-transplant lagged behind testing for the 

other Class I loci and therefore, had not previously been performed in some of these 

pairs. Fourth, transplant physicians may have accepted a HLA-C locus mismatch in 

an otherwise matched donor, where there has been no other choice. The next largest 

number of mismatches was at HLA-A (40 mismatches). Again this relatively high 

number is likely to represent physician choice. HLA-A exhibits lower LD with its 

nearest HLA gene (due to the physical distance) than do any of the other HLA loci, 

therefore a mismatch here may often be isolated. There were only 27 HLA-B 

mismatches. HLA-B mismatched pairs are likely to have been avoided in view of the 

strong LD with HLA-C and hence the assumption that multiple mismatches will 

result. DRBl mismatches were few (eight pairs) as has been discussed. There were 27 

DQBl mismatches, most occurring where there are two or more alleles in equal 

proportions with a single DRBl allele (for example, D QBl*0301 and D QBl*0302 

occur at roughly equal frequencies with DRB 1*0401).

This study represents the largest European study of HLA impact using high resolution 

typing for at least five loci in UD-HSCT to date. Previously a cohort of 300 pairs was 

published by the group at the FHCRC (Petersdorf, et al 1998). A brief update of this 

data now including 467 pairs (although with limited details) is included in a review 

published last year (Petersdorf, et al 2003). A large study has been reported by the
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Japan Marrow Donor Program and includes 1298 pairs (Morishima, et al 2002). Most 

recently, a study done by the NMD? has been reported including 1874 pairs 

(Flomenberg, et al 2004). The findings by these (and other) groups have often been 

interpreted as contradictory. The results of the present study, together with these 

recent publications, begin to suggest a consensus view of the impact of HLA on 

transplant outcome (Table 3.45, fold-out page 150). There are, however, crucial 

differences between the studies which may have a major impact on the interpretation 

of results (Table 3.44 fold-out page 150) and should be taken into account. One 

important difference is the percentage of pairs mismatched for each locus in each 

study. A study reporting on a cohort with a high number of pairs mismatched for 

Class I and Class II alleles is more likely to show a significant difference between 

this group and HLA matched pairs than is a group reporting a cohort with a low 

number of mismatches (such as in the current study when considering Class II 

mismatched pairs, or Class I and II mismatched pairs). Another important factor is 

the time period over which the transplants took place. Transplant practice evolves 

rapidly and transplants performed in 2003 may not be directly comparable with those 

done in the early nineties. Other differences include GvHD prophylaxis, disease 

group and the genetic variation in HLA haplotypes between different populations.

This part of the discussion does not take into account the matching status at DPBl in 

order to be comparable to the published studies (DPBl matching will be discussed 

further in chapter 4). Therefore a complete match refers to the situation of a 10/10 

match (i.e. HLA-A, -B, -C , -D RBl, -DQBl)

In this study patients who were mismatched with their donor for their HLA loci had a 

worse overall survival than patients who received matched grafts. Although there was 

a survival detriment in pairs with a single HLA mismatch, this was not significantly 

different to the matched pairs. Thus it appears that single allele mismatches are 

tolerated with regards to OS and that it is the presence of multiple mismatches that 

confer the major survival disadvantage. When considering the survival plots it is 

noted that pairs with multiple mismatches have a worse outcome at all time periods.
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whereas those mismatched for one allele have an initial worse OS than matched pairs, 

which then reached a plateau and resulted in a similar long term outcome.

This effect on OS was mirrored by the Class I mismatched pairs (i.e. one mismatch 

was tolerated and two or more were detrimental to OS), as was reported by the group 

at the FHCRC (Petersdorf, et al 1998). Although not significant, the OS in Class II 

mismatched pairs was the same as that in Class I mismatched pairs. As there were 

only two pairs mismatched for multiple Class II alleles (i.e. most had a single 

mismatch), it is unlikely that a single Class II mismatch is tolerated. Unlike their 

previous data, the recent update of the data from the Seattle group (Petersdorf, et al

2003) in CML, shows a single Class II mismatch to be tolerated. This is somewhat 

surprising as a strong correlation between both single and multiple Class II 

mismatches and severe aGvHD is seen in this group (see below). As has been 

reported in most of the studies mentioned, it was found that mismatching for Class I 

and II has a detrimental effect on overall survival. A study by the NMDP 

(Flomenberg, et al 2004) showed a survival benefit in matching for any of the HLA 

Class I alleles and for DRBl. While low-resolution mismatches (implying an 

antigenic mismatch) for all loci mentioned had a significantly worse OS, only 

HLA-A and -DRBl mismatches were significantly associated with worse OS when 

high resolution typing was considered (i.e. an allelic mismatch). A single Class I 

mismatch and a single DRBl mismatch had a similarly detrimental effect on OS.

A comparison was made in the current study between pairs with allelic and antigenic 

Class I mismatches. For this analysis only those pairs who had a single mismatch 

were included in order to exclude the confounding effect of multiple mismatches 

which has been shown (there were no pairs mismatched only at the allele level in the 

pairs with multiple mismatches, which would result in skewed data due to more 

multiple mismatches in the antigen mismatched group). There was no difference in 

overall survival in pairs mismatched either at the allelic or antigenic level. This is 

perhaps not surprising as knowledge of the biology of HLA suggests that limited 

polymorphic differences are unlikely to be significantly less immunogenic than
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numerous differences. This is because limited polymorphisms are not functionally 

null. It is recognised that small differences between MHC molecules influence T cell 

recognition. Indeed, prior to DNA sequencing, serologically defined groups of related 

HLA variants were sub-divided on the basis of their differential reactivity with 

alloreactive T cells (Spits, et al 1982, van der Poel, et al 1983). It has even been 

suggested that limited differences may induce stronger alloresponses than numerous 

differences (Housset and Malissen 2003, Lechler, et al 1990) because the foreign 

MHC molecule closely resembles self-MHC and is therefore more likely to cross- 

react with self-educated T cells.

An analysis was also done to assess the impact of mismatching at a particular locus 

on overall survival. While the Class I loci HLA-A and -C  were not found to have an 

impact on OS, there was a highly significant survival disadvantage in receiving an 

HLA-B mismatched transplant. The deaths were due to all causes including relapse, 

infection and ‘other’ (mostly organ toxicity), and all except two died prior to one year 

post transplantation. There were a significantly larger number of patients with late 

stage disease in the HLA-B mismatched pairs (78% of those mismatched had late 

stage disease, compared to 42% in the matched pairs, p=0.034). A possible 

explanation for this may be that in patients with late stage disease a mismatched 

donor was acceptable (as compared to those with good risk disease), however this is 

unlikely to be the case as there was no correlation in the group overall between HLA 

matching and disease stage (or when any other mismatched locus was considered). 

Another possibility is that due to low or intermediate level tissue typing pre

transplant these pairs were thought to be matched at the HLA-B allele, however this 

cannot be the whole explanation as many of these pairs did have high resolution 

typing prior to transplant. Therefore, the reason for the significant correlation 

between HLA-B mismatching and late disease stage remains unclear. It is also 

striking that all but one of the HLA-B mismatches are allelic. Interestingly, this 

finding is very similar to what was reported by the JMDP (Morishima, et al 2002). 

The worst 3 year survival was seen in pairs mismatched for either HLA-A or -B  

(unfortunately they do not differentiate between these loci in the text, but there appear
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to be a roughly equal number of mismatches for either). This was true in both 

standard and high risk disease.

As mentioned HLA-C mismatches failed to impact on OS, however the data were 

also analysed to consider the impact of predicted (on the basis of the HLA allele 

present) KIR epitope mismatches. There was a highly significant survival 

disadvantage in those pairs that had a mismatch in the GvH direction (i.e. the 

recipient was homozygous for their HLA-C epitope specificity). Most of the deaths 

occurred early and were related to infections. Later deaths were due to disease 

relapse. The OS in the group with a mismatch in the HvG direction was no different 

to that in the matched group. Thus, it appears, that these patient cells (either infected 

or leukaemic), despite lacking one of the donor specificities, are not killed by donor 

NK cells. This does not support the model based on the ‘missing self’ hypothesis 

which is currently suggested by work from other groups (Giebel, et al 2003, Ruggeri, 

et al 2002). It may be speculated that the patient cells lack, in addition, a ligand for 

KIR activation and that in this situation an activating effect is the more important.

In order to ascertain the reason for the decrease in OS consequent on HLA 

mismatching, the impact of this factor on primary graft failure, graft versus host 

disease, transplant related mortality and disease relapse were examined.

When analysing the impact of HLA matching on engraftment both the rate of 

neutrophil engraftment and the speed thereof were considered as individual factors. 

The impact of HLA matching on engraftment failure needs to be considered in the 

context of the disease group being treated and can often not be directly compared 

between studies. There was no significant impact of HLA matching on primary graft 

failure found in this cohort. However, when considering only those with Class I 

mismatches, there was a suggestion of an increased incidence of non-engraftment 

compared to matched pairs (7/106, 7% versus 8/270, 3%, p=0.105). It is likely that 

due to the low incidence of this complication it did not reach significance. An impact 

of HLA matching was not seen in any of the individual disease groups. It has been
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reported by both the FHCRC and the JMDP that Class I mismatches do have a 

detrimental impact on neutrophil engraftment. The FHCRC study showed a clear 

impact of Class I mismatches on engraftment (Petersdorf, et al 1998). This study 

considered only patients with a diagnosis of CML and reported a rate of non- 

engraftment of 6%, the highest incidence in pairs with multiple Class I mismatches (9 

patients, 29%). In the JMDP study (Morishima, et al 2002), including 1298 pairs with 

various diagnoses, primary and secondary graft failure were considered together. The 

rate thereof in CML was 5%, over 15% in the patients with non-malignant disease 

and less than 3% in the acute leukaemias. The pairs with a mismatch at Class I were 

significantly more likely to develop primary and/or secondary graft failure than were 

matched pairs, however they do not report the incidence in individual disease groups. 

A major difference between my study and the other two mentioned is in the use of T 

cell depletion. The T cells of the recipient cause graft rejection when they are 

activated by the alloantigen of the donor (Petersdorf, et al 2001b). In vivo T cell 

depletion was widely practised in this study group and is likely to alter the kinetics of 

graft rejection significantly (Ho and Soiffer 2001). Both of the studies mentioned 

showed a detrimental effect due to a combination of both a Class I and Class II 

mismatch on engraftment. While this was not seen in this study it should be noted 

that over 10% of pairs were mismatched at Class I and II in both published studies, 

compared to only 3% of pairs in this study. It has also been published that antigenic 

mismatches for Class I are associated with graft rejection to a greater extent than 

allelic mismatches (Petersdorf, et al 2001b). This was not confirmed in the current 

study, in fact, pairs with allelic mismatches at Class I were overall more likely to 

suffer graft failure than those with antigenic mismatches (11% versus 4%, p=NS). 

There was a trend towards increased non-engraftment in pairs mismatched at 

HLA-A. In fact all of the mismatched pairs that failed to engraft had allelic 

mismatches. In addition, all of these involved subtype mismatches within the 

HLA-A*68 group. (There was one other individual in the study with a HLA-A*68 

subgroup mismatched donor and in addition an antigenic HLA-C mismatch. This 

patient did achieve engraftment). Patients receiving grafts mismatched in a GvH 

direction for KIR reactivity suffered a significantly higher incidence of graft failure
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than those matched or with an HvG mismatch. These findings are supported by the 

report describing bone marrow transplant rejection induced by a single amino acid 

variant which demonstrates that small differences are sufficient for development of in 

vivo allo-reactivity (Fleischhauer, et al 1990).

The speed at which the neutrophils engraft has been seen to have an important impact 

on transplant outcome (Davies, et al 2000). It has been shown that a (serological) 

mismatch for HLA- A, -B  or -D RBl delays neutrophil engraftment (Davies, et al 

2000), however none of the studies looking at pairs with high resolution typing have 

reported this outcome. The present study failed to reveal an impact due to HLA 

matching.

The degree of HLA matching is well recognised to be one of the major factors 

impacting on acute Graft versus Host Disease. There was an increase in aGvHD in 

this group, resultant on any type of HLA mismatch. The overall incidence of this 

complication was 52% (all grades). This was 48% in HLA matched pairs. 

Mismatching for Class I resulted in an increase in aGvHD to 60%, while 

mismatching for either Class II alone or Class I and II resulted in the highest 

incidence of 67%. When Class I mismatches were considered there was no evidence 

that a single mismatch in a pair had a different incidence of aGvHD to a pair with 

multiple mismatches. In the Class II mismatched pairs, only two had multiple 

mismatches hence it was not possible to differentiate between the effects of single or 

multiple mismatches. Class I and II mismatched pairs by definition will have two or 

more mismatches present. As has been mentioned, the deleterious effect of aGvHD is 

generally in the group with grade III/IV disease, thus it is of utmost importance to 

recognise the factors that lead to an increase in the extent of aGvHD and avoid these, 

while perhaps selecting for the factors which result in grade I disease. In this cohort 

the risk of severe aGvHD (III/IV) was low (6%) in view of the extensive use of TCD. 

In addition it was significantly dependant on HLA mismatching. HLA matched pairs 

had an incidence of only 4%. As with overall survival there was a suggestion that one 

mismatch at Class I was well tolerated, but when multiple mismatches were present
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the incidence of this complication rose more than four fold. In those with Class II 

mismatches the incidence of severe aGvHD was 11%. Although the numbers are too 

small to compare single to multiple mismatched pairs, it can be seen that the overall 

incidence is somewhere between that seen in single or multiple Class I mismatched 

pairs. This may suggest that the extent of aGvHD is dependant on any degree of 

mismatching at Class II and that one mismatch is not tolerated as is the case with 

class I. When a pair is mismatched for both Class I and Class II the incidence of 

severe aGvHD was found to be more than five times greater than that seen in matched 

pairs. The impact of HLA on aGvHD was seen in each of the malignant disease 

subgroups.

In reports from the Seattle group (Petersdorf, et al 2003, Petersdorf, et al 1998) they 

show very similar results in CML. Pairs mismatched for Class I and II have the 

highest incidence of severe aGvHD. Single Class I mismatches appear to be tolerated, 

while multiple Class I and single (and/or multiple) Class II mismatches increase the 

rate of severe aGvHD. Their data suggest that Class II mismatches have more impact 

on severe aGvHD than do Class I mismatches. Another study by the same group 

(Petersdorf, et al 2001c) showed that in transplants for CML in first CP, DRBl 

mismatched pairs had an increased risk of severe GvHD and that this was not 

dependant on the number of mismatches present. This study is not directly 

comparable however as the Class I HLA-A and -B  types were only serologically 

assigned and the HLA-C type was not considered at all. An NMDP analysis 

(Flomenberg, et al 2004) showed a mismatch at any HLA class I locus or at DRBl 

resulted in an increase in severe acute GvHD. This was most evident for mismatches 

at HLA-A. The JMDP study (Morishima, et al 2002) also showed a higher incidence 

of severe aGvHD with any type of HLA mismatch. This was as marked with a single 

mismatch (even at Class I) as with multiple mismatches. These differences in the 

relative importance of the number of alleles mismatched may have to do with 

conditioning protocols and GvHD prophylaxis. Another possible explanation for 

these observations may be the difference in frequency and variation of HLA alleles 

(and non-HLA factors e.g. cytokine polymorphisms) between different populations.
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The relatively small number of mismatches at each locus, makes it difficult to draw 

very firm conclusions regarding their individual impact on transplant outcome. In this 

study both HLA-B and -C  mismatched pairs were found to have a non-significant 

increase in aGvHD. In HLA-C mismatched pairs this was evidenced as an increase in 

the overall incidence of aGvHD, rather than an effect on the severity of disease. 

Conversely, in HLA-B mismatched pairs the severity of aGvHD was increased, 

rather than the overall occurrence. One may speculate then, that HLA-B mismatches 

have a worse overall survival as there are increased deaths resultant on the presence 

of aGvHD, while HLA-C mismatches do not impact significantly on overall survival 

as the increase in severe GvHD (bad prognosis) is balanced by an increase in mild 

GvHD (good prognosis). In addition, those with HLA-C mismatches would be more 

likely to go on to develop cGvHD (as aGvHD is highly predictive for this 

complication), while those with HLA-B mismatches may already have died due to 

severe aGvHD and its complications.

The impact of HLA mismatching on TRM could be seen at both time points studied, 

although at the later time, not surprisingly, became more obvious due to the greater 

number of deaths in the group. At day 100 there was a small increase in TRM in 

those recipients receiving grafts with an HLA Class I or HLA Class II mismatch. In 

contrast, those mismatched for HLA Class I and Class II had a three fold greater 

chance of having died than recipients receiving HLA matched grafts. At one year the 

impact of mismatching for Class I or Class II was now also apparent, and those 

mismatched for Class I and Class II had double the risk of death compared to 

matched recipients. In this analysis there was a difference noted dependant on the 

degree of mismatching for any HLA allele, thus while multiple allele mismatches had 

the greatest impact on TRM, those with single allele mismatches also had an increase 

in TRM compared to HLA matched pairs. This suggests that a single allele mismatch 

is not tolerated, contrary to the situation with severe aGvHD. When considering only 

those pairs mismatched at Class I there were similar findings, although in this case 

the difference between matched and single allele mismatched pairs was not 

significant. The Class II mismatched pairs had the same TRM as the Class I matched
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pairs and the majority of these were single allele mismatches, which again supports 

the concept that a single mismatch for Class I is tolerated, but not at Class II. When 

considering mismatches at individual loci, only mismatching for HLA-B was found 

to result in a higher TRM. Although HLA-C mismatches did not influence the risk of 

TRM, there was a profound effect noted due to the presence of a (presumed) KIR 

epitope incompatibility. Recipients who received grafts mismatched in a GvH 

direction (i.e. the donor possesses a KIR epitope which the recipient does not) were 

much more likely to die of TRM than were matched pairs or those mismatched in a 

HvG direction. In the group with a KIR epitope GvH direction mismatch all of the 

deaths were due to infection.

The reason for the increase in TRM overall was not due to GvHD per se as the 

incidence of death due to this cause were similar in both groups, however there was 

an increase in deaths due to infection in the mismatched group compared to the 

matched group. This may well reflect the greater degree of immunosuppression 

which would be present in the group with GvHD, consequent both on the pathology 

and the treatment. The higher incidence of severe aGvHD with HLA mismatching 

and the obvious effect of severe aGvHD on TRM suggests that these factors are 

linked.

In the JMDP study (Morishima, et al 2002) the highest three year TRM was seen in 

those pairs with three allele mismatches (in both standard and high risk disease). All 

groups of HLA mismatches showed a significantly higher TRM to a lesser or greater 

extent, except those mismatched for only DR or DQ (standard and high risk disease), 

and those mismatched for HLA-C (standard risk disease). The strong impact of Class 

I and minimal impact of Class II is attributed to the relative effects of these 

mismatches on the incidence of severe aGvHD.

There was a significant increase in cGvHD in those pairs with any HLA mismatch. 

This was not consequent on the number of mismatches, as both single or multiple 

mismatches increased the incidence of this complication. The degree of matching was
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not associated with the severity of GvHD. Class I mismatches were highly 

significantly associated with this complication, once again irrespective of the number 

of mismatches present. In contrast pairs mismatched for Class II had no increase in 

this complication, in fact the incidence of this complication appeared to be the same 

as in matched pairs. Pairs mismatched for both Class I and II had an incidence 

between that for Class I mismatched pairs and matched pairs. When examining 

mismatches at individual loci, there was a significant predictive effect of HLA-C 

mismatches on the occurrence of cGvHD which was not seen with any of the other 

loci. There was an increase in both limited and extensive disease. Those who had 

allelic mismatches were less likely to develop cGvHD than were those with antigenic 

mismatches, who in addition were most likely to develop extensive cGvHD. These 

results suggest that it is Class I disparity which has the major role to play in cGvHD 

and that it is not dependant on disparity for Class II (although it is important to 

remember that the number of Class II mismatched pairs in this study is limited).

The JMDP study (Morishima, et al 2002) shows similar results with a strong impact 

of Class I mismatches on cGvHD, but not of Class II mismatches. This was reflected 

by an increase in this complication overall as well as in an increase in extensive 

GvHD. As in the present study there is a highly significant correlation seen between 

the grade of aGvHD and the presence of cGvHD, although they do not correlate this 

to the extent of the disease. In contrast to our data, this is reported to be related in 

particular to mismatches for either HLA-A or -B, with only a trend towards an effect 

on this complication with HLA-C mismatches. This paper also reports the impact of 

HLA-A and -B  mismatches on de novo cGvHD. The study from the NMDP also 

found mismatches for HLA-A (but not for any other Class I locus) to be significantly 

associated with cGvHD (Flomenberg, et al 2004). No other studies with high 

resolution typing published to date have considered this outcome, although the study 

from Seattle with high resolution Class II typing (Petersdorf, et al 2001c) concluded 

that there was no impact on the incidence or severity of this complication due to 

Class II mismatching.
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It is clear that both Class 1 and Class 11 disparities impact on aGvHD, therefore this 

finding may add fuel to the speculation that these two diseases do not arise from 

identical pathology. However, the fact that there is such a strong correlation between 

the grade of aGvHD and the presence and extent of cGvHD may suggest there is 

some link between them. This may be related to thymic damage during aGvHD or it 

may be that cGvHD which is continuous after aGvHD results from the same 

mechanism, whereas de novo cGvHD does not. The close association of Class 1 

molecules with NK cells may be one factor worth considering in this context. This 

may be further supported by the finding that antigenically mismatched pairs are more 

likely to have cGvHD than are pairs with allelic mismatches i.e. those with predicted 

KIR ligand incompatibilities have more ‘allo-effect’ than KIR compatible pairs. The 

fact that this was more evident with HLA-A and -B  mismatches in the JMDP cohort 

is not inconsistent, as it is well recognised that both of these molecules may too 

present ligands for KIR recognition. However, the predicted pattern of response by 

inhibitory KIR recognition is not borne out by a rise in cGvHD in the current study, 

for pairs mismatched in any direction.

There was no evidence that any mismatch for HLA Class 1 or Class 11 (DRBl, 

DQBl) influenced the rate of disease relapse. An impact of a putative mismatch for 

the KIR ligands at HLA-C was looked for, in those pairs who were HLA-C 

mismatched on an otherwise matched background. There was no impact seen, of a 

mismatch in either direction or no mismatch, on disease relapse. In a study by the 

JMDP (Sasazuki, et al 1998), which included 440 transplant pairs, they showed a 

significantly protective effect of HLA-C mismatching on leukaemic relapse. This 

effect was speculated to be due to KIR epitope mismatching between recipient and 

donor, although the presence of KIR ligand incompatibilities was not actually 

examined. In the larger follow up study (Morishima, et al 2002), the investigators 

were no longer able to discern this effect due to HLA-C and in addition did not see 

any impact of any other HLA Class 1 or 11 (DRBl, DQBl) on this complication. It is 

not clear why the effect of HLA-C on relapse was not seen in the larger group. Of 

interest is the finding by the Seattle group (Petersdorf, et al 2001c), that
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haematological relapse was highest in HLA-DQ mismatched pairs, irrespective of 

mismatching for the other Class II loci (in HLA-A, -B serologically matched pairs). 

This finding could not be clearly explained. Potential explanations for this may 

include: an increase in DQBl mismatch in high risk disease (reflecting donor 

choice), LD between Class I and Class II resulting in an effect due to another locus 

distant from DQBl or an alteration of the transplant conditioning in those recipients 

known to be mismatched at this locus pre-transplantation. It is not possible to 

ascertain any of this data from reading the FHCRC paper.

A alternative method for analysing HLA mismatches, which takes into account both 

the structural and the functional difference between two HLA alleles at one locus, 

has been suggested by Eisner et al (Eisner, et al 2004). The authors suggest that this 

computer based algorithm will be able to assess the allogenicity between any given 

mismatch and thus help to define ‘permissive’ mismatches in the transplant setting. 

In order to assess the clinical relevance of this scoring system in our population, I 

performed an analysis on a subset of the pairs (Shaw, et al 2004a). The alleles of the 

pairs with a single HLA-A mismatch were entered into the Histocheck algorithm and 

had a score assigned by the program. With few exceptions, predictably, the lower 

scores were in pairs mismatched at an allelic level and the higher scores in those with 

antigenic mismatches. There was no significant correlation between the score 

assigned and any of the clinical outcomes which were analysed (OS, engraftment, 

acute and chronic GvHD or relapse). This suggests that predicting outcome based on 

this sort of scoring system is not valid in this study cohort.

Section 3: The impact of the disease suhtype on transplant complications

Although the combined group was considered in the primary analysis it is well 

recognised that disease specific effects may be seen. These were controlled for in 

multivariate analysis and in addition the diseases were split into five groups for the 

purpose of analysis. There were a few specific differences noted between the groups. 

All transplants took place between 1996 and 2(X)2, however the timing of the
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Table 3.44: Differences between the major studies discussed in this chapter

This study FHCRC JMDP NMDP
Numbers in study 423 300* 1298 1874
Transplant years 1996-2003 1985-1998 1993-1998 1988-1996
Patient group Various CML Various Various

diseases diseases diseases
T cell depletion >85% No <30% -

1 0 / 1 0  matched pairs 67% 47% 44% 36%**
Class I mismatches 26% -30% 30% -

Class n  mismatches 4% - 1 0 % 1 1 % -

Class I and II mismatches 3% - 1 1 % 15% -

* later update included 467 pairs
** exclude DQBl
- not reported

Table 3.45: Comparison of the major clinical results, reporting the impact of mismatching
on complications, from studies discussed in this chapter

This study FHCRC JMDP NMDP
Engraftment

Class I NS Significant* Significant HLA-C
Class n NS NS NS NS
Class I and II NS Significant Significant -

aGvHD (ni/IV)
Class I Significant* Significant* Significant HLA-A
Class n Trend Significant Significant** Significant**
Class I and II Significant Significant Significant -

cGvHD
Class I Significant - Significant HLA-A
Class n NS - NS NS
Class I and n NS - Significant -

TRM
Class I Significant* - HLA-A, -B -

Class n NS - NS -

Class I and II Significant - Significant -
OS

Class I Significant* Significant* Significant Significant
Class n NS NS NS Significant**
Class I and II Significant Significant Significant -

* multiple mismatches only
** DRBl only 
- not reported
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transplant for individual diseases was different The transplants for CML occurred 

earlier in the study group. This is likely to reflect the introduction of the tyrosine 

kinase inhibitor, Imatinib, mid way through the study period, resulting in relatively 

fewer transplants for this indication after this time (Goldman and Druker 2001). The 

transplants for ‘malignant other’ diseases took place relatively late in the study period 

reflecting the introduction of reduced intensity conditioning regimens making UD 

transplants available to older patients and those with co-morbidity (Gratwohl, et al 

2002b). Not surprisingly the median age in the ‘malignant other’ group (46) was 

higher than that in the CML (33) and AML (32) groups, and much higher than that in 

the ALL (16) and non-malignant disease group (2). In view of the differences in the 

indication for transplant, there was also a significant difference in the disease stage 

prior to transplantation. More than 80% of recipients were in first chronic phase for 

CML (early disease stage), as compared to only 32% with early stage disease in the 

ALL group. Similar numbers in all disease groups were transplanted with active 

disease. Other significant differences between the groups related to the use of reduced 

intensity conditioning regimens, source of stem cells and GvHD prophylaxis. The 

vast majority of transplants for CML were performed using TCD bone marrow with 

myeloablative conditioning, while those with ‘malignant other’ diagnoses had TCD 

RIC regimens in two-thirds of cases. These differences are highly likely to impact on 

particular transplant outcomes and thus the associations must be taken into account 

when interpreting the incidence of complications. The groups did not differ 

significantly in terms of other characteristic. The proportion of HLA matched pairs in 

each group was similar, as were the recipient gender and CMV status and the donor 

gender, CMV status and median age.

Non-malignant disease

This represented a broad range of disorders, in a relatively small cohort of patients. 

This group had the best three year survival, 75%. The highest incidence of primary 

non-engraftment was seen. An increase in primary graft failure may be explained as 

follows. As there is no need for the ‘disease eradication’ role of conditioning, patients 

generally receive less myeloablative conditioning regimens resulting in greater
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numbers of residual host ceils and hence a greater potential for a HvG effect and 

rejection of the incoming graft. The addition of immunosuppressive agents pre

transplant addresses this in part (Vriesendorp 2003), as with the use of CAMPATH in 

some of this cohort. Many of these patients will have received multiple transfusions 

pre-transplant and are thus alloimmunised, again increasing the chance of rejection. It 

is also possible that in some of the non-malignant diseases for which transplants are 

currently indicated, a stromal defect in the bone marrow may contribute to a hostile 

environment for the incoming graft.

Those with HLA mismatched or female donors were slowest to engraft. Non- 

engraftment was significantly associated with a worse OS. The 100 day TRM was 

relatively high, but the one year TRM was low and no deaths occurred after one year. 

The incidence of acute and chronic GvHD were low, despite the use of T cell 

depletion in only half of these transplants. Chronic GvHD is reduced in those under 

15 in the group overall (this age group represents all patients in this cohort).

CML

This group had the second highest OS (three year survival of 54%). There was a high 

incidence of primary non-engraftment compared to the whole group, which has been 

previously reported (Morishima, et al 2002, Petersdorf, et al 1997), although the 

reasons for this are somewhat obscure. It is unlikely to relate to disease stage pre

transplant as this was the disease with the highest proportion of early stage patients. 

In addition, although there was a trend towards a higher incidence of graft failure in 

later disease (18%) compared to early disease (7%), this incidence of 7% in early 

disease is still significantly greater then the rate of this complication in the other 

malignant disease categories. Other contributing factors are likely to be the lack of 

prior treatment in many patients with this diagnosis (compared to those with acute 

leukaemia) and the lack of additional immunosuppressive conditioning agents for this 

disease i.e. the majority receive only cyclophosphamide, TBI and CAMPATH. This 

last reason, however, may not hold true in the current data set as there were a roughly

152



equal number of patients in each disease category (including CML) who received 

additional immunosuppressive agents.

Although a number of factors were associated with non-engraftment in univariate 

analysis, none of them retained significance in a multivariate model. In particular 

HLA matching did not impact on this complication, unlike the Petersdorf et al 

(Petersdorf, et al 1998) study. However that study considered only patients receiving 

T replete transplants which may explain the different finding. As in the large group 

the use of PBSC grafts and RIC were associated with faster engraftment. In addition 

those who received only cyclosporine had faster engraftment. Methotrexate has been 

shown to delay engraftment (Atkinson, et al 1983). This disease had the highest 

incidence of acute GvHD. This may be explained, as above, by the decreased use of 

immunosuppressive drugs and RIC regimens. The incidence of cGvHD was similarly 

high, with a many as one fifth having extensive disease. Although this is not 

immediately apparent from the data, this may be related to the fact that many of these 

recipients received DLI which resulted in GvHD (the division between acute and 

chronic GvHD being relatively poorly defined if it follows this intervention). All 

types of GvHD were significantly increased by the use of an HLA mismatched donor. 

Despite the high incidence of GvHD, this was also the disease with the highest 

relapse rate and chronic GvHD did not protect against relapse. There were no factors 

found to influence the incidence of this complication. DLI was used in most patients 

who relapsed. As has been shown (Kolb, et al 1990) this intervention is very 

successful at returning patients to CP/PR. Thus the presence of disease relapse does 

not predict for a worse OS.

AML

The three year survival in this group was 36%. Half of the patients in this group were 

transplanted for disease beyond first CR. One quarter received RIC regimens and the 

same number had a PBSC graft. Most patients who received myeloablative regimens 

had cyclophosphamide, TBI and CAMPATH only. About half of this group 

developed aGvHD, which was severe in only five percent of patients. Again about
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half developed cGvHD which was extensive in only 12% of cases. Recipients of an 

HLA mismatched graft had a greater risk of developing aGvHD, but not cGvHD. 

Patients over 30 were less likely to develop aGvHD, but more likely to develop 

cGvHD. There was a highly significant correlation between older patients and the use 

of RIC (less aGvHD) and a trend towards the increased use of PBSC grafts in older 

patients (more cGvHD) which may explain this finding. Less than half of the patients 

in this group relapsed, and about half of these were given DLI. Again half of those 

who received DLI responded. The remainder, and those who did not receive DLI 

were likely to die from their disease. Thus it appears that responses to DLI are 

possible but not always predictable. The most significant factors determining overall 

survival were the presence of cGvHD and absence of multiple HLA mismatches 

(resulting in a decrease in TRM) in the graft.

ALL

The three year survival in this group was 37%. This represented a younger group of 

patients overall, although the age range was broad. Two thirds of patients received a 

transplant at a late stage (after first CR). The highest proportion of T cell replete 

transplants (in malignant disease) were performed for this indication, most likely due 

to the high numbers with poor risk disease. Myeloablative regimens were almost 

universally used, with PBSC in just less than one fifth. In ALL there is believed to be 

a survival advantage from TBI containing regimens. There was a very low incidence 

of severe aGvHD seen and only one third developed cGvHD (10% extensive). No 

factors were significantly predictive for either of these complications. The rate of 

relapse was the lowest seen in all the malignant groups. It was more likely to occur in 

older patients and those transplanted with active disease. This is in contrast to a recent 

study in UD transplants (Remberger, et al 2002a) which showed the highest relapse 

rate in ALL in a similar mixed transplant cohort. Relapse occurred within the first 

two years of transplant and almost all of the patients who relapsed died due to this 

cause (with or without DLI). It has been shown that DLI is less successful in ALL at 

returning patients to CR than it is in many other malignancies (Kolb, et al 1995), and 

it is speculated that this may be related to less effective GvL effect. As with all the
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other diseases there was no protective effect of cGvHD seen in ALL, however, the 

presence of this complication was still associated with a significantly improved 

overall survival. Few patients died (or relapsed) more than two years after the 

transplant suggesting that this treatment may be curative in a number of individuals. 

As expected adults with ALL had higher TRM, higher rates of disease relapse and a 

worse overall survival, when compared to children.

Other malignancies

This group represents a mixture of patients with a broad range of different diseases. 

The three year survival in this group was 44%, but there are a relatively small number 

of patients who are beyond three years post transplant. Two-thirds of patients had 

early stage disease (which in many cases e.g. MDS will have been previously 

untreated). The patient age was higher than in all other groups; nearly two-thirds 

received RIC regimens and one quarter had PBSC grafts. Most were T cell depleted. 

A relatively large number of patients developed severe aGvHD as well as extensive 

cGvHD. Younger patients developed more aGvHD than older patients. The reason for 

this is unclear. The relapse rate was relatively low. Those who received DLI after 

relapse were likely to respond in most cases (6 6 %). Those that did not were highly 

likely to die from their disease. Although cGvHD did not protect from relapse it was 

associated with a better overall survival, as was the absence of severe GvHD. 

Curiously, in this group, female patients had a significantly worse OS then male 

patients, related to an increase in TRM. There was no difference in the type of disease 

(or disease stage) for which the transplant was performed to explain this finding. A 

possible explanation was in the higher incidence of CMV seropositivity in the female 

patients (50% versus 28%), which in turn is related to a higher TRM.

Section 4: The impact of donor factors on transplant complications

As has been shown the impact of HLA matching in the selection of an unrelated 

donor is of utmost importance. However there are many other donor specific factors 

which may be important when choosing an unrelated donor. The donor factors which
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were considered in this study include age, gender and CMV serostatus. In addition 

each of these factors was considered when linked to the relevant patient factor (e.g. 

CMV serostatus in patient/donor: negative/negative, negative/positive, 

positive/negative, positive/positive) as there may be significant associations between 

these factors. As may be expected there was a highly significant association seen 

between donor and recipient CMV status. In 84% of cases a negative donor was 

chosen for a negative recipient, whereas in 60% of cases a negative donor was chosen 

for a positive recipient. This reflects the transplant practice in this group. It is well 

recognised that CMV negative donors are more appropriate for CMV negative 

recipients. The CMV status of the donor in the case of a positive recipient has been 

more controversial, and opinions about this have changed over time (Ljungman, et al 

2003). More recently it has been recommended that a positive donor would be a 

better choice in a positive recipient, due to the transfer of CMV specific cells (CTLs) 

in the inoculum which may control CMV reactivation in the recipient (Aubert, et al 

2001). There was a significant correlation between donor and recipient gender in that 

a male donor was preferred whether the patient was male (79%) or female (67%). 

Possible reasons for this included: the observation that male donors yield higher stem 

cell numbers (Stroncek, et al 2000), the increased potential of alloreactivity with 

female donors due to previous pregnancies (Kollman, et al 2001) and, in the case of a 

male patient, the gender dependant mHaGs such as H-Y (Gratwohl, et al 2001). 

There was no association seen between patient and donor age.

It is also crucial to consider the associations between the different donor factors as in 

many cases these may be linked. In addition it is important to consider HLA 

matching status in this context. There was a strong correlation seen between donor 

age and CMV status, such that older donors were more likely to be CMV positive. 

This only became apparent, however, in donors over the age of 40, as those aged 18- 

30 or 31-40 had a similar incidence. Likewise there was a significant association 

between female donors and CMV status, female donor were twice as likely to be 

CMV positive compared to male donors. There was no association seen between 

donor age and gender. There were also highly significant associations noted between
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the degree of HLA matching and donor factors. Female donors (p<0.0001), older 

donors (p=0.001) and CMV positive donors (p=0.042) were significantly more likely 

to be HLA mismatched than were young, male, CMV negative donors.

Thus there is a critical interaction between all the donor factors considered, in 

particular with the degree of HLA matching. Therefore it is with great caution that 

one should attempt to isolate the effects of donor factors on complications and 

outcome. Assuming that most transplant physicians would choose an HLA matched 

donor over any other criteria, it is apparent that when a mismatched donor is chosen 

this is likely to reflect a lack of choice between donors, hence the much higher 

proportion of ‘unfavourable’ donors in this context.

The effect of donor factors was analysed in the large cohort (423 pairs). Each of the 

donor factors was analysed in univariate and multivariate analysis, for each transplant 

outcome. There was no impact of CMV status of the donor in the large group for any 

complication. The use of a female donor was associated with a higher incidence of 

non-engraftment as well as in a trend towards a delay in the time taken to achieve 

engraftment, which became significant if the gender mismatch of the transplant was 

considered. Both of these factors retained significance in a multivariate model 

including (for engraftment rate) disease subtype, donor age, stem cell source and (for 

speed of engraftment) patient age, patient CMV status, disease subtype, stem cell 

source and intensity of conditioning regimen. Similar effects were also seen in the 

two diseases with high rates of primary non-engraftment (CML, Non-malignant). The 

parity of the donor did not result in a significant difference in these complications, 

suggesting that this effect was not due to allo-sensitisation of the donor. It is possible 

that there are gender specific mHaGs (analogous to H-Y) which may be in part 

responsible for this observation. It is most likely that this effect is due to the number 

of stem cells infused, as this is a factor known to be important for engraftment even 

across HLA barriers (such as in haplo-identical transplants). Unfortunately this could 

not be examined in this group. There was no impact of non-engraftment on overall 

survival in the large group, however an effect was apparent in CML and non-
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malignant disease. Donor age over 30 was associated with increased non- 

engraftment, higher one year TRM and worse overall survival, however each of these 

effects was lost in multivariate analysis.

In addition the analysis was repeated in the HLA-A, -B , -C , -D R B l, -D Q Bl 

matched group (282) to exclude any effects due to HLA. As had been seen in the 

group overall, there were associations between donor gender and CMV and donor 

CMV and age (though not gender and age). In addition the CMV status of the patient 

and donor was highly associated, as was the gender of the patient and donor. There 

was no association between any of these factors and matching for DPBl. No donor 

factor was significantly associated with OS in this group. The negative effect of a 

female donor on primary non-engraftment (which had been seen in the large group) 

was significant in this group, in univariate and multivariate analysis. However, non- 

engraftment was not significantly associated with a worse overall survival in this 

group. A number of other trends were noted which were not significant in 

multivariate analysis.

The group of 141 HLA mismatched transplant pairs were also considered in order to 

ascertain if certain donors could be recommended in this cohort. The associations 

between gender and CMV, and CMV and age were seen as in the overall group. In 

addition, there was still an association between HLA matching and age seen. In those 

pairs with donors under 30, 15% had multiple mismatches compared to 29% in those 

with donors over 30 years. The number of pairs mismatched for Class I and II was 

1% in the first group and 7% in the second. No donor factor had a significant effect 

on overall survival. There was a significantly delayed engraftment seen with the use 

of female donors (especially for male recipients) in both univariate and multivariate 

analysis. Although a number of other donor factors showed some effect on cGvHD 

and disease relapse, these did not persist in multivariate analysis.

A large study on the impact of the donor on transplant outcome, reported by the 

NMDP (Kollman, et al 2001), included 6978 unrelated donors transplant pairs. Donor
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factors which they analysed included age, gender, parity, CMV serostatus (as in the 

present study) and in addition, race and ABO (blood group) compatibility. They 

found a strong association between younger donors and CMV seronegativity, but 

there was no association between donor age and HLA matching (however the level to 

which pairs were matched was low /medium resolution). As seen in this study the use 

of a female donor was associated with slower neutrophil engraftment. They report an 

association between older donors and increased acute GvHD, however they do see a 

‘possible interaction’ between donor age and HLA matching (p=0.04) in this 

subgroup, which supports the data from the present study. Decreased cGvHD was 

associated with younger, male or nulliparous female donors. The only factors which 

impacted on overall survival were HLA matching and donor age.
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Chapter 4: The impact of HLA-DPBl matching on outcome in 

unrelated donor haem atopoietic stem ceil 

transplantation

Introduction

One of the major aims of this thesis was to attempt to assess the role of HLA-DPBl 

in UD HSCT. I was able, in the second year of my PhD, to analyse and publish a 

subset of data concerning the impact of DPB1 matching on the outcome of UD HSCT 

(Shaw, et al 2003). I found a significant impact of DPBl on both acute GvHD and 

disease relapse. In order to confirm this data I have now collected and analysed 

double the number of pairs. In addition I have added to this analysis, examining the 

impact of DPBl epitope mismatching on transplant outcome. All these aspects will 

be dealt with in this chapter: DPBl allele matching (section 1), DPBl epitope 

matching (section 2) and DPBl matching in the whole cohort (section 3). DPBl 

matching has been analysed in univariate analysis for each of the transplant 

outcomes. Multivariate analysis has only been performed for those outcomes where 

the impact of DPBl matching was shown to be significant.

Study population

From the 423 pairs in the whole cohort, a subset of patients who were completely 

compatible at HLA-A, -B , -C , -D RBl and -D QBl (consisting of 282 pairs) was 

included in the analysis of the impact of DPBl on transplantation outcome. The 

dataset was closed on the 15/03/2004.

Patients received transplants between September 1996 and January 2003. The 

transplant pairs were split into three groups on the basis of the number of DPBl 

alleles which were incompatible in a graft versus host (GvH) direction (described 

below). The patient, donor and transplant characteristics are seen in table 4.1. These 

groups were homogenous with respect to most factors. In fact, the only factor to be
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statistically significantly different between the three groups was the disease type. In 

those with CML 40% of pairs were DPBl compatible, compared to 31% in AML, 

27% in ALL and only 17% in the ‘malignant other’ subgroup (47% in the non- 

malignant group). As the majority of these transplants did not have DPBl typing 

performed pre-transplant (i.e. were not selected on this criteria) this is an unexpected 

finding.

Table 4.1: Patient/ donor and transplant characteristics

DPBl
matched
(n=82)

1 DPBl 
mismatch 
(n=118)

2 DPBl 
mismatch 

(n=82)
P value

Recipient Age:
Median (Range) 28.9 (<l-57) 30 (<l-65) 37.6 (1-60) 0.189

Recipient gender:
Male 49 (60%) 75 (64%) 50(61%,) 0.851
Donor gender:
Male 67 (82%) 95 (81%) 63 (77%) 0.715

Recipient/Donor:
Gender matched 54 (6 6 %) 70 (59%) 51 (62%) 0.708Male/Female 5(6%0 14(12%,) 9(11%,)
Female/Male 23 (28%) 34 (29%) 22 (27%)
Parity of donor:
Nulliparous 8(54%0 11 (48%) 5(26%^
Multiparous 5(33%,) 11 (48%) 13 (69%) 0.445
Missing 2(13%) 1(4%) 1(5%^
Donor Age:
Median (Range ) 34.9 (22-53) 33.6 (19-50) 33.6 (21-55) 0.575
Recipient CMV serostatus:
Positive 19(23%) 28(24%) 25 (30%) 0.463Negative 60 (73%) 86(73%) 54(66%)
Missing 3(4%) 4(3%^ 3(4%)
Donor CMV serostatus:
Positive 19(23%0 25 (21%) 13 (16%) 0.477
Negative 63 (77%) 93(79%^ 69(84%)
Recipient/Donor CMV 
status: 53(65%0 71 (60%) 49 (60%)
Negative/negative 7(8%0 15(13%,) 5(6%^
Negative/positive 7(8%,) 18(15%,) 17(21%,) 0.206
Positive/negative 12(15%,) 10 (9%) 8 ( 1 0 %)
Positive/positive 3(4%) 4(3%^ 3(3%)
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Disease:
Chronic Myeloid Leukaemia
Acute Myeloid Leukaemia
Acute Lymphoblastic
Leukaemia
Other Malignant
Non-malignant
Conditioning regimen:
Myeloablative conditioning
Reduced intensity
conditioning
Missing
Stem cell source:
Bone marrow 
PBSC
T cell depletion:
Yes
No
Missing
Immunosuppression:
Cyclosporin A and
methotrexate
Cyclosporin A alone
Other
None
Missinti

25 (30%) 
19(23%) 
18 (2 2 %) 
13(16%) 
7(9%)

19(16%) 
29 (25%) 
33 (28%) 
31 (26%) 
6(5%)

18 (2 2 %) 
14(17%) 
16(20%) 
32 (39%) 
2 (2 %)

0.017

52 (64%) 
24 (29%) 
6(7%)

82 (70%) 
24 (20%) 
1 2 ( 1 0 %)

54 (6 6 %) 
26 (32%) 
2 (2 %)

0.250

62 (76%) 
20 (24%)

97 (82%) 
2 1  (18%)

69 (84%) 
13(16%)

0.338

71 (87%) 
5(6%)
6  (7%)

99 (84%) 
7(6%) 
1 2 ( 1 0 %)

72 (8 8 %) 
8 ( 1 0 %) 
2 (2 %)

0.633

47 (57%) 
22 (27%) 
0

6  (7%)
7 (9%)

57 (47%) 
34 (29%) 
3 (3%)
8  (7%) 
16(14%)

37 (45%) 
32 (39%) 
2 (2 %) 
7(9%)
4 (5%)

0.495

Section  1: H L A -D P B l a llele m atch ing

S corin g  D P B l allele  incom patib ilities  

A  system  o f  scor in g  w as used as fo llow s:

See table 4.2. Those transplants where the recipient and donor shared exactly the 

same two alleles were scored zero. A zero score in the GvH direction was given if the 

recipient had only alleles which were included in the donor type. A score of one was 

given if one allele was incompatible between the patient and donor, or if the donor 

was homozygous for one allele expressed by the recipient. A score of two was given 

if both alleles were incompatible between patient and donor even if either the patient 

or donor were homozygous for their alleles, as it is anticipated (although not known) 

that incompatibilities between different alleles may interact in different ways. Thus,
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transplant pairs could score 0, 1 or 2 for DPBl allele incompatibilities. HvG 

incompatibilities were scored in exactly the opposite way.

Table 4.2: Method of scoring for DPBl alleles

Recipient alleles Donor alleles GvH Score HvG Score
0401,0401 0401,0401 0 0

0401,0401 0401,0601 0 1

0101,0401 0301,0401 1 1

0101,0401 0401,0401 1 0

0101,0401 0301,0402 2 2

0 1 0 1 , 0 1 0 1 0301, 0402 2 2

0101,0401 0301,0301 2 2

Frequency of HLA-DPBl alleles

Of the 110 HLA-DPBl alleles recognized by the WHO Nomenclature Committee for 

Factors of the HLA System (S. Marsh, Personal Communication); there were 23 

represented in the recipient population, and 24 in the donor population (25 different 

alleles in total). The frequency of alleles reflects frequencies previously reported in 

northern Europeans (Begovich, et al 2001).

In the patients, HLA-DPBl*0401 was the most frequently observed allele (45%); 

followed by DPB 1*0201 (12%); DPB 1*0402 (10%); DPB 1*0301 (8.5%) and 

DPB 1*0101 (6 %). An additional eight alleles were seen at a frequency greater than 

1% (Table 4.3). In four cases DPB 1*2701 was seen in the patients (all four were 

heterozygous for their DPBl alleles), but this allele was not seen in the donor 

population. A total of 79 (28%) of the patients were homozygous for HLA-DPBl and 

203 (72%) were heterozygous.

In the donor population there were minor non-significant differences seen. Eleven 

alleles appeared at a frequency greater than 1% (Table 4.3), with the most frequently 

observed being HLA-DPBl*0401 (49%); followed by DPB 1*0402 (11%); 

DPB1*0201 (10%); DPB1*0301 (7%) and DPB1*0101 (6 %). DPB 1*1901 and 

DPB 1*5401 were seen once each in the donor population, but this allele was not seen
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in the patient population. 89 (32%) of the samples were homozygous for HLA-DPBl 

and 193 (6 8 %) were heterozygous.

Of the 282 pairs; 52 (18%) shared complete DPBl identity, 140 (50%) had a 

mismatch at one allele and 90 (32%) were incompatible at two alleles. When DPBl 

compatibility was considered (see above for method used for scoring 

incompatibilities); 82 (29%) pairs were completely DPBl compatible, 118 (42%) had 

an incompatibility at one allele and 82 (29%) had an incompatibility at two alleles. 

The reason for the discrepancy between DPBl identity and compatibility is the high 

percentage of DPB 1 homozygous individuals seen.

Table 4.3: HLA-DPBl allele frequencies in patients and donors

Allele Patients Donors
Number
observed

Allele
frequency

Number
observed

Allele
frequency

DPB 1*0401 256 0.453 275 0.487
DPB1*0201 69 0 . 1 2 2 56 0.099
DPB 1*0402 59 0.104 62 0.109
DPB 1*0301 48 0.085 41 0.072
DPB1*0101 33 0.058 32 0.056
DPB 1*0501 1 0 0.017 5 0.008
DPB 1*0601 1 0 0.017 1 1 0.019
DPB1*1101 9 0.015 17 0.030
DPB 1*1301 9 0.015 5 0.008
DPB 1*1001 8 0.014 9 0.015
DPB1*1501 8 0.014 1 0 . 0 0 1

DPB 1*1701 7 0 . 0 1 2 9 0.015
DPB 1*2001 7 0 . 0 1 2 5 0.008
DPB 1*0202 5 0.008 2 0.003
DPB 1*0901 5 0.008 8 0.014
DPB 1*1401 5 0.008 9 0.015
DPB 1*2701 4 0.007 0 -

DPB1*1601 3 0.005 5 0.008
DPB1*2101 2 0.003 2 0.003
DPB1*2301 2 0.003 4 0.007
DPB1*2801 2 0.003 1 0 . 0 0 1

DPB1*3801 2 0.003 1 0 . 0 0 1

DPB 1*4601 1 0 . 0 0 1 2 0.003
DPB 1*5401 0 - 1 0 . 0 0 1

DPB 1*1901 0 - 1 0 . 0 0 1
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The clinical effects of DPBl allele matching 

Engraftment

Data on myeloid engraftment were missing in two patients.

Three percent (8/270) of ail patients had primary graft failure (defined as failure to 

achieve a neutrophil count of 0.5 x 10^/L before death or second stem cell infusion, in 

patients who survived at least 28 days after transplant). Of these, three had autologous 

rescue; one received HSC from a different unrelated donor; three died of early TRM 

(pulmonary haemorrhage, VOD, adenovirus) and one died due to rapid recurrence of 

the disease (transplanted for CML in AP).

The incidence of engraftment was significantly affected by DPBl compatibility (in a 

GvH direction). Of 78 DPBl compatible pairs, 5 (6%) failed to engraft, while in 192 

pairs incompatible at one or two alleles, 3 (1.5%) failed to achieve engraftment (Chi- 

squared, p=0.033; fisher’s exact test, p=0.047). However, when the analysis was 

performed analysing DPBl compatibility in a HvG direction this failed to reveal any 

significant differences (Chi-squared, p=0.533).

As in the whole cohort, there was a significant difference seen in primary non- 

engraftment dependant on disease type, although with the very low numbers in each 

group the statistical values should be treated with caution (Chi-squared, p=0.001). 

Those transplanted for non-malignant disease had the highest incidence (2/13, 15%) 

followed by CML (5/58, 9%). There were no engraftment failures in the AML and 

‘malignant other’ subgroup, while in ALL 1/63 (1.5%) failed to engraft. In view of 

the strong association between DPBl matching and disease type, this was corrected 

for in logistic regression analysis. Neither the DPB 1 matching status nor the disease 

type retained significance (irrespective of the direction of DPBl matching).
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The date of neutrophil engraftment was unavailable in 12 recipients and these were 

excluded from the Kaplan-Meier time dependant analysis of speed of engraftment. 

The median time to engraftment was 18 days after stem cell infusion (range = 4-53 

days). There was no association found between HLA-DPBl disparity and the rate of 

engraftment in these transplant pairs (either in a GvH or HvG direction, log rank, 

p=0.734 and p=0.594 respectively).

Acute Graft versus Host Disease

All those who achieved neutrophil engraftment were eligible for the analysis of acute 

graft versus host disease (aGvHD). Data on aGvHD were missing in 13 of the 

recipients.

The overall incidence of aGvHD in this cohort was 48% (120/251). This was reported 

to be grade I in 53 cases (44%), grade II in 57 cases (48%), grade III in five cases 

(4%) and grade IV in five cases (4%). Thus, overall the incidence of clinically 

significant aGvHD (grade III/IV) was 4% (10/251).

There was a trend towards increased incidence of aGvHD in those pairs who were 

incompatible for DPBl (93/180, 52%) compared to pairs with DPBl compatibility 

(27/71, 38%) (Chi-squared test, p=0.051). This was not significantly different when 

comparing the compatible group to the one allele incompatible group (56/103, 54%) 

and the two allele incompatible group (37/77,48%) (Chi-squared test, p=0.105).

The severity of aGvHD was not significantly affected by DPBl compatibility. Acute 

GvHD was reported to be clinically severe in two of 71 (3%) recipients with 

complete DPBl compatibility; in 4 of 103 (4%) one allele incompatible pairs and in 4 

of 77 (5%) two allele incompatible pairs (Chi-squared test, p=0.293). This does not 

achieve significance if the one and two incompatiblity groups are considered together 

(Chi-squared test, p=0.147).
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The other variables associated with a significant increase in the incidence of aGvHD 

in this group were patients under 40 (p=0.002), the use of donors under 40 (p=0,009) 

and the use of myeloablative conditioning regimens (p=0.023). The patient age and 

type of conditioning used were highly significantly associated with each other, with 

younger patients much more likely to receive myeloablative than RIC regimens (Chi- 

squared, p<0.001). When these factors were included in a multivariate logistic 

regression model, HLA-DPBl mismatching remained significantly associated with 

aGvHD. All other factors (except the use of a myeloablative conditioning regimen) 

retained significance (Table 4.4).

Table 4.4: Logistic regression analysis of factors affecting aGvHD

Variable Odds ratio 95% Cl P value
Patient under 40 2.36 1.25; 4.43 0.008
Donor under 40 2.40 1.17; 4.91 0.017
Myeloablative conditioning 1 . 2 2 0.63; 2.36 NS
DPBl mismatch 1.89 1.04; 3.43 0.035

Transplant Related Mortality

The day 100 transplant related mortality (TRM) was 14% (39 cases). There was no 

significant difference between the DPBl compatible group and the DPBl 

incompatible group (13/79, 16% versus 26/194, 13% respectively, log rank p=0.583). 

There was no difference in TRM when the groups with either one or two DPBl 

incompatibilities were compared. The one year TRM was 26% (71 cases). (In five 

donors the follow up was less than one year). There was no significant difference 

between the DPBl compatible group compared to the DPBl incompatible group 

(19/65, 29% versus 52/169, 31% respectively, log rank p=0.851).

There was a significant impact of both acute and chronic GvHD on TRM at one year 

(although no impact of aGvHD on day 100 TRM). Grade 1 aGvHD was protective 

against TRM (5/46, 11%) compared to all other grades of aGvHD (11: 17/50, 34%; 

111: 1/3, 33%; IV: 3/5, 60%) and those with no aGvHD (31/106, 29%) (log rank.
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p=0.035). Limited cGvHD protected against TRM (2/60, 3%) compared to those with 

no cGvHD (18/100, 18%) or extensive cGvHD (11/30, 37%) (log rank, p=0.0004)

Chronic Graft versus host disease

Within this cohort, 234 patients remained alive at day 100 (83%). Of these, 4 had 

failed to engraft and hence 230 patients were eligible for chronic graft versus host 

disease (cGvHD) analysis. Data were missing in two of the evaluable patients.

The three year probably of cGvHD was 51% (median: 962 days). This was limited in 

two-thirds of the patient (6 6 ) and extensive in the remainder (33). The presence of 

acute GvHD was highly predictive for cGvHD (56% of those with aGvHD developed 

chronic disease, compared to 32% in those without aGvHD, Chi-squared, p<0.001). 

In addition this was highly dependant on the grade of aGvHD: with grade I disease, 

46%, grade II, 63%, grade III, 60% and grade IV, 100% (p=0.001). The difference in 

the incidence of limited and extensive cGvHD dependant on prior aGvHD was not 

significant.

There was no significant difference between the groups dependant on the degree of 

compatibility for DPBl (log rank, p=0.288). In addition, there was no difference 

when comparing the group with no incompatibilities to that with one or two 

incompatibility (log rank, p=0.223).

Disease relapse

Recipients who received transplants for non-malignant diseases (15), and those who 

failed to achieve neutrophil engraftment (eight, two of whom had a non-malignant 

disease), were excluded from the analysis of disease relapse. In all the remaining 

recipients (261) data on this complication were available.
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The three year probabil i ty of  relapse was 6 1 ( m e d i a n :  461 days).  There  was a 

highly significantly increase in disease relapse in those transplant pairs with DPBl  

compat ibi l i ty i l V Y i )  as compared with those pairs with ei ther one or  two DPBl  

incompatibilit ies (56%) (log rank, p=().()OI ) (Figure 4.1 ). There was no difference in 

this effect as the nu mber  o f  DPBl  incompat ibi li t ies  increased (i.e. one or  two 

incompat ibi li t ies were equally protective, 56% versus 55% respectively,  log rank 

p = 0 .9 5 9 ) .

D PB l match

DPBl m em atch

0 2000 500I 000 1

P'ays to Polaf:oe

Figure 4 . 1 : I he impact ot DPB I matching on disease relapse

There was a significant difference in the probability o f  relapse between the disease 

groups (log rank, p=().OI4). At three years this was 82%’ in CMl.., 65% in AML, 51% 

in ‘other mal ignant '  diseases and 43% in ALL.  Other factors which resulted in a 

higher rate o f  relapse were older  patient age (p=().002),  patients t ransplanted in 

relapse (p<().()()()I) and use o f  a male donor  (p=0.()85) showed a trend towards  

significance, irrespective of  the gender of  the patient.

in a Cox proportional hazard regression model ,  including all o f  these signi ficant  

factors,  mismatching for DPBl  remained significantly protect ive against  disease 

relapse ( ' fable 4.5). fhe trend to an effect of  donor  gender  was non-significant in 

multivariate analysis (data not shown) and so was excluded from the final analysis.
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Table 4.5; ( D \  regression analysis o f  factor impacting on relapse rate

Variable Odds ratio 95% Cl P value
Patient over 30 1.62 1.05; 2.50 0.027
Transplant in relapse 4.52 2.38; 8.59 <0.001
‘Other malignant' (constant) - - -

CML 2.19 1.26; 3.80 0.005
AML. 1.88 1.05; 3.37 0.033
ALL 1.56 0.80; 3.03 NS

DPBl mismatch .563 0.38; 0.83 0.004

The impact of G vI l D  on disease relapse was examined.

The presence of aGvl lD was significantly associated with a decreased relapse rate 

(the probability of  relapse with aG vHD was 51 % compared to 73% without aGvHD; 

log rank. p=().041). This stratified according to grade: those with grade i/ll had a 

relapse rate of 52^/r compared to 38% in those with grade III/IV (Figure 4.2).

The presence of  cG v l lD  was also significantly associated with a decreased relapse 

rate (53Vr with c G v l l l )  relapsed compared to 65% with no c G v H D ;  log rank, 

p=().()25). 1 hose with extensive cG v U l)  were less likely to sid'fer disease relapse 

(41%),  than were those with limited cG v I lD  (54%) (Figure 4.2).  There  was no 

difference in those with d c  n o v o  cGvHD or with disease occurring after aGvHD.
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Figure 4.2; The impact ol the incidence and severity o f  graft versus host disease on disease 

relapse

D isease Free Survival

The three year probability of DFS was 287r (median: 241 days). Using Kaplan-Meier 

analysis.  DFS was significantly better in those who were incompatible for either one 

or two DFFU alleles, compared to those who were completely  compat ib le  (31% 

versus 2 i V (  respectively, log rank p=0.047).  This was not dependant  on the number  

of  DPBl  incompatibilities ( log rank p^O.lOb).

O verall Survival

The three year probability of OS was 47% (median: 881 days; five year survival was 

42%). The mean follow up was 989 days (SD: 548 days; range: 89-2380).

There was no significant difference in OS between those pairs who were compat ible 

and those  w ho  were incom pa t ib le  for I I L A - D P B I ,  e i ther  c o m p a r i n g  no 

incompatibilit ies to any number o f  incompatibilities (log rank. p=0.8()3) or  compar ing 

no incompat ibi li t ies  to one mismatch and to two incompat ibi l i t ies  (log rank, p= 

0 . 7 18) ( Fie lire 4.3).
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Figure 4.3; The iiii|Kicl ol DPBl matching on overall survival

The inipacl o f  post transplant compl icat ions on OS was also considered.  Kaplan- 

Meier analysis was performed to assess the impact of  aG vU D on OS. There  was a 

survival advantage seen in those with grade I II disease, compared to no aG vH D or 

grade 111/1V disease (log rank, p=0.046) (Figure 4.4). A Kaplan-Meier  analysis to 

assess the impact of  c G v H D o n  OS, revealed a significant survival advantage in those 

with limited cCivi iD (83%) disease compared to those with extensive disease (38%) 

or no cG vH D  (4V%) ( log rank, p<().()()()l ) (Figure 4.4). Al though the OS was better in 

those with d c  n o v o  cGvHD, this was not statistically significant.
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Figure 4.4: I he impact o f  graft versus host disease on overall surv ival
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T ho se  w h o  suffered disease relapse had a worse  OS (39%) than those  who  did not 

(56%) (Figure 4.5). As the survival curves intersect a global compar ison using the log 

rank test could not be used. Thus  the effect of  d isease relapse on OS was considered,  

in addi tion,  only in those surviving beyond day 450 (after the point  o f  intersection).  

In this analys is  those who  did not re lapse had a s igni ficant ly bet te r  OS  (log rank,  

p=0.002) ( Figure 4.5).
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Figure 4.5; The impact of disease relapse on overall survival

The cause  o f  death was re lapse in 58 (41%) cases,  infect ion in 45  (32%) cases,  

vascular  endothelial  compl icat ions  in five (3%) cases,  G v H D  in nine (6%) cases  and 

“other"  in 26 (18%) cases.  There  was  no s ignificant d if ference in the cause  o f  death 

(Chi-squared test, p=0.353)  between those compat ib le  for  DPB l  and those with one 

or  two incompatibili t ies at this locus (Table 4.6).

Table 4.6: Cause  o f  death dependant  on DPB l  compatibil ity

HLA-DPBl  alleles 
compatible (n=43)

HLA-DPBl  alleles 
incompatible (n=IOO)

Relapse 20 (47%) 38 (38%)
Infection 13(30%) 32 (32%)
HUS/TIP/VOD 3(7%) 2 (2%)
GvHD 2(5%) 7 (7%)
Other 5(11%) 21 (21%)
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The impact of specific DPBl alleles on transplant complications

The above analysis shows that DPBl incompatibilities are important, but does not 

address the question of the impact due to particular alleles on transplant outcome. 

This analysis was performed for patient and donor alleles individually in all 282 pairs 

(i.e. without considering the matching status of the pair). The alleles with a frequency 

of greater than five percent were considered for each group. The impact of presence 

or absence of any particular patient allele on OS was not significantly different, 

although some had a suggestion of difference, for example those with DPB 1*0101 

had the best overall survival and those with D PBl*0301 had the worst OS (Table 

4.7). The impact of presence or absence of any particular donor allele on OS was not 

significantly different (Table 4.7).

Table 4.7: Impact of individual patient or donor alleles on overall survival

Allele Number of 
patients

OS Number of 
donors

OS

0401 present 194 46% 205 47%
absent 8 8 49% 77 45%

0 2 0 1  present 64 48% 48 44%
absent 218 46% 234 47%

0402 present 56 52% 55 46%
absent 226 45% 227 47%

0301 present 43 39% 41 45%
absent 239 48% 241 54%

0 1 0 1  present 31 58% 29 41%
absent 251 46% 253 47%

This analysis simply took into account the presence or absence of an allele (i.e. the 

heterozygous combination was ignored). In order to attempt to simplify this analysis 

a further analysis was undertaken in the group with one incompatible allele (118). 

Thus, these pairs always shared one DPBl allele (which was not included in this part 

of the analysis), but the other was different.
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The six most common patient alleles in this subgroup were DPB 1*0201 (22), 

DPB 1*0402 (20), DPB 1*0301 (15), DPB 1*0401 (12), DPB1*0101 (12), DPB1*1101 

(5) and DPB 1*0501 (5). This reflects the overall frequencies of alleles in the whole 

cohort studied, with the striking exception of DPB 1*0401 which is usually the most 

frequent allele seen. The likely reason for this is that the very high incidence of this 

allele means that donors are more likely to match with their respective patient, and 

hence this allele is underrepresented in the incompatible pairs. In addition, 

homozygosity for this allele would result in the pair being compatible with the donor 

(if they had one *0401 allele) or two allele incompatible (if the donor had two other 

different alleles). This is borne out by the fact that the distribution of alleles in the 

donors with a single allele incompatibility, reflects very closely the overall frequency 

of donor alleles in the whole group (DPB 1*0401 (27), DPB 1*0402 (13), DPB 1*0201 

(10), DPB1*0101 (9), DPB1*0301 (8 ), DPB1*1101 (4)) (Table 4.3).

The seven most common patient alleles mentioned above (91 individuals) represent 

77% of the patient cohort. All other alleles were infrequently seen and were excluded 

from this part of the analysis due to the very small numbers of each allele. Within 

these 91 pairs, the seven most common donor alleles numbered 71 in total, thus in 20 

donors another less common allele was present, and these were grouped into an 

‘other’ category. Comparing the groups, there was no obvious correlation seen 

between the patient allele and that of the donor, however the more frequent alleles 

were more commonly found together, as may be expected in a randomly distributed 

sample.

Strikingly, the OS rate when the patient DPBl allele was considered in isolation was 

significantly different dependant on the allele present (log rank, p=0.010) (Figure 

4.6). For example, patients with a DPB 1*0101 allele had a predicted OS of 81%, 

much better than those with a DPB 1*0201 allele (31%). This did not appear to be due 

to any differences in GvHD or disease relapse, however the 100 day TRM (log rank, 

p=0.034) and the one year TRM differed between the groups (log rank, p=0.136)
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(Figure 4.6). As an incliviciiial factor, the DPBl  allele o f  the donor was not associated 

with overall survival (log rank. p=().933).
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Figure 4.6: I he effect ol particular patient DPB 1 alleles on overall survival and TRM  

Section 2: H L A -D P B I epitope m atching

Scoring I)I*IU epit(»pe incom patihilities 

A system  of scoring was used as follows:

There  are six Hypervariable Regions ( HVR)  in exon two o f  the DPBl  molecule,  

named A to F (Figure 4.7 fold-out page 203). HVR A includes amino  acid (aa) 

posit ions 8-1 I (this has previously included aa position 12, however  the only allele 

with a polymorphism at this position is DPB I '' 7 7 0 1 which was not present in this 

cohort  and hence not considered).  HVR B includes aa posit ions 33 to 36. HVR C 

includes aa posit ions 35 to 57. HVR D includes aa pos it ions  65 to 69. HVR E 

includes aa positions 72 to 76, however only a a position 76 was considered as no 

alleles with the polymorphism at a a position 72 or 73 ( D P B l *  3101. *3401,  *7801) 

were present in this cohort. HVR F includes aa positions 84 to 87. For each of  these 

regions 1 scored incompatibili t ies in an identical way to that described above for 

DPBl  alleles. Matching was performed for the entire motif  (i.e. individual amino acid 

incompat ib i l i ty  were  considered only in the context  o f  the co m b in a t io n  of
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incompatibilities). For example, at HVR D there were five possible motifs: ILEeK, 

ILeeE, LLeeK, LLeeE and LLeeR, each of which was considered as different to all 

others. Thus, transplant pairs could score 0,1 or 2 DPBl epitope incompatibilities at 

each HVR (Table 4.8).

Table 4.8: Method of scoring DPBl epitopes

Recipient alleles Donor alleles GvH Score
ILEEK, ILEEK ILEEK, ILEEK 0

ILEEK, ILEEK ILEEK, LLeeE 0

ILEEK, LLEEK ILEEK, ILEEE 1

ILEEK, LLEEK ILEEK, ILEEK 1

ILEEK, LLEEK LLeeE, ILeeE 2

ILEEK, ILEEK LLeeE, ILeeE 2

ILEEK, LLEEK ILeeE, ILeeE 2

The clinical effects of DPBl epitope matching 

Frequency of HLA-DPBI epitopes

The frequency of incompatibilities was assessed for each HVR (Table 4.9). In 

addition to looking in the large group (282), in order to exclude the possibility that 

the effects due to a high number of epitope incompatibilities are automatically 

associated with a higher number of DPBl allele incompatibilities, the group was also 

split into those with one or two allele incompatibilities.

Table 4.9: Number of incompatible epitopes in each HVR of DPBl

Whole group 
(n=282)

1 DPBl allele 
mismatch (n=118)

2 DPBl allele 
mismatch (n=82)

HVR A
Match 178 67 29
One epitope mismatch 8 8 51 37
Two epitope Mismatch 16 - 16
HVRB
Match 134 41 1 1

One epitope mismatch 1 1 2 77 35
Two epitope Mismatch 36 - 36
HVRC
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Match 138 43 13
One epitope mismatch 116 75 41
Two epitope Mismatch 28 - 28
HVRD
Match 151 49 2 0

One epitope mismatch 1 1 1 69 42
Two epitope Mismatch 2 0 - 2 0

HVRE
Match 215 81 52
One epitope mismatch 6 6 37 29
Two epitope Mismatch 1 - 1

HVR F
Match 2 0 1 79 40
One epitope mismatch 79 39 40
Two epitope Mismatch 2 - 2

The clinical effect of DPBl epitope incompatibilities

The impact on overall survival due to incompatibility at each individual HVR was 

analysed. The only region to show significance was HVR D (i.e. amino acid 65-69). 

Those with no epitope incompatibilities had a significantly better OS when compared 

to those with either one or two incompatibilities (51% vs 46% vs 14% respectively, 

log rank, p=0.013) (Figure 4.8). The worst overall survival was seen in those with 

two incompatibilities (compared to zero or one mismatch, p=0.009). There was, 

however, still a significant difference when comparing those with no 

incompatibilities to those with one or two incompatibilities (log rank, p=0.044).

HVR D contains two polymorphic amino acid residues, at position 65 and position 

69. In order to ascertain whether the effect on OS could be attributed to one or both 

positions, the degree of incompatibility for each of these positions was determined. In 

the analysis of position 69, 193 (6 8 %) pairs were compatible and 89 (32%) were 

incompatible.

There was no significant impact on OS due to incompatibility at this position (log 

rank, p=0.470). There are three possible amino acid residues at position 69 in this 

cohort (lysine, glutamic acid or arginine). Thus pairs could have zero, one or two
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incompatibilities. Those with two incompatibilities (25%) had a worse OS than those 

with zero or one incompatibility (47%), however the low number with two 

incompatibilities (four pairs) meant this was only a trend (p=0.085). At position 65, 

231 (82%) pairs were compatible and 51 (18%) were incompatible. An effect on OS 

was seen with matching at this residue. Compatible pairs have a significantly 

improved OS compared to incompatible pairs (49% versus 35% log rank p=0.039) 

(Figure 4.8). There were only two possible amino acid residues at this position in this 

group (leucine or isoleucine).

Although there was not any effect due to HVR C as a whole, the three amino acids 

within this region are homologous to amino acids in the HLA-DRBl molecule which 

are known to be of importance in antigen recognition (Stern and Wiley 1994). A 

similar analysis to that above was therefore undertaken. At position 55, 174 (62%) 

pairs were compatible and 108 (38%) incompatible and at position 56, 187 (6 6 %) 

were compatible and 95 (34%) were incompatible. Neither showed any impact on OS 

(log rank p=0.470 and p=0.244 respectively). At position 57, 233 (83%) were 

compatible and 49 (17%) were incompatible. A match at this position did result in a 

significant survival advantage (50% compared to 33% incompatible, log rank 

p=0.014) (Figure 4.8).

As positions 57 and 65 were associated with significant effects, the impact of these 

two residues was combined. The intervening sequence is completely conserved, thus 

there were four possible sequences seen i.e. EYWNSQKDl, E y w n s q k d L ,  

D y w n s q k d I ,  D y w n s q k d L . Compatibility for this sequence motif was associated 

with significantly better OS than if it was incompatible (50% compared to 36% 

incompatible, log rank p=0 .0 2 0 ).
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To investigate the cause of  the decreased OS associated with incotiipatibility at these 

epi topes  and residues, the effect on Civ HD and di fference in disease relapse were 

studied. The matching status at position 37, 65 or HVR D were not associated with 

relapse or actite or chronic GvHD.

Next the effect on TRM was analysed. There was no significant effect due to any of  

these misma tches  on TR M  at day 100. Ho wever  when the one year T R M  was 

analysed there was a significantly increased TRM in those pairs incompat ible at 

positions 37 (19/42, 43% versus 32/192, 27% log rank p=O.OI3) and 63 (19/43, 42% 

versus 32/189,  28% log rank p=0.042) (Figure 4.9). In addition there was now a 

highly significant effect due to an incompatibility at HVR D (10/17,  39% with two 

incompat ibi li t ies versus 30/91,  33% one incompatibili ty versus 31/126,  23% zero
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incompat ibi li t ies ,  log rank p=().OOK) (Figure 4.9).  This  was significant whether  

compar ing two incompatibili t ies to zero or one incompatibili ty (p=0.0()5),  or  zero 

incompatibili t ies to one or two incompatibilit ies (p=0.028).  Incompat ibi li ty for the 

sequence mot if  from 5 7 - 6 5  was also associated with a significant increase in one year 

TRM (2 5 /47 ,44%  versus 46/177, 26% log rank p=0.()07).
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Figure 4.9: I he impact of  incompatibility for DPBl HVRs and epitopes on TRM

As mentioned,  in order to rule out that these effects were influenced by the number  of  

al lele incompat ib i l i t ies  present ,  the analys is  was repeated in the two allele 

incompatible group (ii=82). The results mirrored those seen in the whole cohort.  OS 

was better in those compat ible for HVR D, position 57 and position 65. In addition 

these effects appeared to be chiefly mediated by a decreased in T R M ,  especially at 

one year (Table 4.10).
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Table 4.10: OS and TRM dependant on compatibility at variou! 
with two DPBl allele incompatibilities)

Region/ Residue Overall Survival (2yr) 1 year TRM
HVRD P=0.036 P=0.047
Match 49% 4/18, 22%
One mismatch 57% 13/36, 36%
Two incompatibilities 29% 10/17,59%

Position 57 P=0.062 P=0.063
Match 52% 16/50, 32%
Mismatch 34% 11/20,55%

Position 65 P=0.022 P=0.029
Match 54% 15/49,31%
Mismatch 32% 12/22, 55%

Position 57-65 P=0.032 P=0.016
Match 55% 12/43,28%
Mismatch 36% 15/28, 54%

The actual cause of TRM was investigated in these patients (Table 4.11). There was 

no difference noted in the cause of death between those who were compatible (M) or 

incompatible (MM) at positions 57, 65 and HVR D.

Table 4.11: Cause of TRM at 1 year in 82, two DPBl allele incompatible pairs

Position 57 Position 65 HVRD
M MM M MM M One MM Two MM

Infection
(n=16) (n=ll) (n=4) (n=13) (n=4) (n=13) (n=1 0 )

Viral 5 1 1 2 1 2 3
Fungal 3 2 1 3 1 3 1

Bacterial - 1 - 1 - 1 -

Unknown 1 3 1 2 1 2 1

PTLD* 2 - - 1 - 1 1

GvHD 2 - - 2 - 2 -

Organ Failure 3 2 1 2 1 2 2

Pulm haem** - 1 - - - - 1

Haem cystitis*** - 1 - - - - 1

* post transplant lymphoproliferative disease 
** pulmonary haemorrhage 
*** haemorrhagic cystitis
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The impact of patient epitopes on transplant complications

In view of the significant effects of the patient allele on transplant complications, the 

effect of individual epitopes was accessed. Positions 57 and 65 were considered. At 

position 57, 208 (74%) patients had a glutamic acid (E) alone, nine (3%) patients had 

an aspartic acid (D) alone and 65 (23%) patients had both residues present. At 

position 65, 203 (72%) patients had a isoleucine (I) alone, ten (4%) patients had an 

leucine (L) alone and 69 (24%) patients had both residues present.

In the patients who had a “D” at position 57 or an “L” at position 65 (i.e. the rarer 

amino acid), there was an increase in both 100 day and one year TRM. In addition 

there was a protective effect on disease relapse due to these amino acids and in 

conjunction a predisposition toward acute and chronic GvHD. In view of the very low 

numbers of patients having only the rarer amino acid, this is largely an observational 

finding.

The analysis was extended to include the whole of HVR D. Although there was a 

significant decrease in TRM at one year in those with only the ILEEK motif (24% 

compared to 31% in those who were heterozygous and 48% in those with other 

motifs only, p=0.040), this did not result in a significant difference in OS (log rank, 

p=0.I91).

Those who had the sequence with the common amino acids at positions 57 and 65 

(B y w n s q k d I )  had a trend towards a better OS (50%) compared to those who were 

heterozygous for this sequence (38%) or did not have this sequence (45%) (log rank, 

p=0.086). Once again, this effect was due to decreased TRM in the patients with the 

common motif (25% at one year) compared to heterozygous patients (38%) or those 

without this motif (55%) (log rank, p=0.020).

183



Section 3: The impact of compatibility for 12/12 alleles on transplant

complications

12/12 matched pairs

In view of the obvious impact on certain transplant complications, due to DPBl 

incompatibility, that has been shown here, the impact of DPBl compatibility in the 

context of other HLA mismatches was considered. There were 82 pairs (19%) which 

were compatible for all six loci (i.e. 12/12), and 341 which were mismatched for one 

or more allele at any of the six loci.

There was no difference in the overall survival comparing 12/12 compatible pairs to 

pairs with any other incompatibilities (log rank, p=0.642). Nor was there a difference 

in the rate or speed of engraftment.

Acute GvHD was significantly more likely to occur in pairs with an incompatibility 

for any of the 1 2  possible alleles, compared to those that were 1 2 / 1 2  compatible 

(167/300, 56% compared to 27/72, 38%, Chi-squared, p=0.006). Although it was not 

significant, only two of the patients receiving a 1 2 / 1 2  compatible graft developed 

grade 111/lV aGvHD (3%) compared to 19 patients with incompatible grafts (6 %). In 

a logistic regression analysis including patient age, conditioning regimen and 1 2 / 1 2  

compatibility (i.e. those factors in the whole cohort that were shown to impact on 

aGvHD) the impact of an incompatibility retained significance (OR=2.03; Cl, 1.17, 

3.52; p=0.011).

There was a trend towards an increase in cGvHD in the 12/12 incompatible pairs 

compared to compatible pairs (58% versus 41%, log rank p=0.061). There was no 

difference found when comparing 1 2 / 1 2  compatible pairs to those with any 

incompatibility with respect to day 100 or one year TRM.

When considering the impact of compatibility on disease relapse, pairs with any 

incompatibility in 1 2  alleles had a significantly lower incidence of relapse than did
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those which were 12/12 compatible (56%, versus 74%, p=0.0006). In a Cox 

regression analysis taking into account patient age, disease stage and disease type (i.e. 

those factors in the whole cohort that were shown to impact on relapse) and 1 2 / 1 2  

compatibility, an incompatibility for any of 1 2 / 1 2  alleles was associated with a 

significant protection against relapse (HR=0.563, Cl, 0.39, 0.80; p=0.001).

Although, there was no significant difference in the cause of death between the two 

groups, in the 12/12 compatible group 47% died due to relapse and 30% due to 

infection; compared to 35% and 39% respectively in the incompatible group.

The above analysis was performed in each of the disease subgroups. Although the 

results remained similar to that seen in the large group, statistical significance was 

often lost due to smaller numbers and/or infrequent events.

In the 93 CML patients, the only significant finding related to disease relapse. 

Relapse was significantly more likely in the 12/12 matched group than in the group 

with any mismatches (log rank, p=0.0008). The only four patients in the compatible 

group who did not relapse all died early infectious deaths (three prior to day 1 0 0  and 

one on day 187).

In 102 AML patients, there were a number of effects noted. There was a trend 

towards less aGvHD in the 12/12 compatible pairs compared to the incompatible 

pairs (33% versus 54%) (fishers exact test p=0.094). In addition no compatible pairs 

developed grade III/IV disease or died due to this complication (compared to 7% and 

6 % respectively in the incompatible group). 1 2 / 1 2  compatible pairs were significantly 

less likely to develop cGvHD (40%) compared to incompatible pairs (71%), (log 

rank, p=0.025). However, there was a trend towards increased disease relapse in the 

compatible pairs (70%) compared to mismatched pairs (61%) p=0.087.
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In 103 ALL patients there was a significant increase in acute GvHD in those that 

were 12/12 incompatible compared to the 12/12 compatible patients (42/72, 58% 

versus 5/16, 31%, fisher’s exact test, p=0.045).

In 1 0 1  patients with other malignancies, there were no significant effects due to 1 2 / 1 2  

compatibility.

DPBl mismatching as an individual risk factor

There was no association between matching for DPBl and matching for the other 

HLA types. In the 282 HLA matched pairs, 29% were DPBl matched, and in the 141 

HLA mismatched pairs, 28% were matched for DPBl. Nor was there an association 

between Class 11 (DRBl, DQBl) mismatched pairs and DPBl matching. In view of 

this lack of association, the impact of mismatching for DPBl was also considered as 

an individual risk factor for complications in the large study group.

Acute GvHD is significantly more likely to occur in DPBl mismatched pairs, in the 

group overall (423 pairs) (150/267, 56% compared to 44/105, 42%, Chi-squared, 

p=0.013). The incidence of severe aGvHD is not affected. In the 141 pairs with one 

or more HLA 10/10 mismatches, DPBl matched pairs have an incidence of aGvHD 

of 52% (17/33) compared to 65% (56/86) in the mismatched pairs (Chi-squared, 

p=0.173).

There was a significantly increased risk of relapse in the group overall (423 pairs) if 

DPBl was matched (log rank; p=0.0001). This persisted when only the 141 pairs with 

one or more mismatches for 1 0 / 1 0  alleles were considered (p=0.031).

This type of analysis was repeated in the disease subgroups. In ALL there was a trend 

to an increased incidence of aGvHD when DPBl was mismatched (p=0.067). The 

severity was not effected. In both CML and ALL the risk of disease relapse when 

DPBl is matched is significantly higher than if it is mismatched (p=0.0009 and
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p=0.013, respectively). In ALL this results in a significantly worse overall survival in 

DPBl matched pairs (p=0.025).

Discussion 

Introduction

Broadly speaking, HLA-DPBI resembles the other HLA Class II molecules in terms 

of structure and function. As with other Class II molecules, it presents peptide in a 

MHC restricted fashion to CD4+ T cells. DPBl has been shown to present a range of 

peptides including those from infectious agents (Eckels, et al 1983, Moreau and 

Cesbron 1994), foreign bodies (Lombardi, et al 2001) and tumours (Schultz, et al 

2000), as well as allogeneic (Gaschet, et al 1998) or autologous (Tabata, et al 1998, 

Yu, et al 1998) peptides, including those derived from other HLA molecules (de 

Koster, et al 1989, Moreau and Cesbron 1994). DPBl specific responses have been 

reported in a number of settings, including in rejection of transplanted tissue 

(Bonneville, et al 1988, Fleischhauer, et al 2001), susceptibility to chronic beryllium 

disease (Lombardi, et al 2001) and in acute GvHD (Gaschet, et al 1998). DPBl 

serves as a marker for susceptibility for certain diseases (Lombardi, et al 2001, 

Moreau and Cesbron 1994, Petersdorf, et al 2001a). In addition, the presence of a 

particular amino acid (glutamic acid) at position 69 has been associated with certain 

diseases (Lympany, et al 1996, Richeldi, et al 1993, Rihs, et al 1996). DPBl is 

thought to be expressed on the same cell types as other Class II molecules, but with a 

reduced cell surface expression and has been shown to be expressed on leukaemic 

cells in similar (AML, CLL) or greater (B-ALL) numbers to DQBl, although much 

lower numbers than Class I and DRBl (Ibisch, et al 1999).

In HSCT, patient outcomes have steadily improved over the years due to a multitude 

of factors. The observation that complications (especially GvHD) continue to occur 

even in the setting of a matched sibling transplant or a well 1 0 / 1 0  allele matched 

unrelated donor transplant, led to the search for additional molecules able to provoke
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immunogenicity. DPBl is one of these. Although it is less usual for DPBl to be 

mismatched in siblings, the rate of incompatibility has been estimated to be as high as 

10.9% and complications due to mismatching for this molecule have been shown 

(Gallardo, et al 2004, Nomura, et al 1991). The situation differs when using UD. In 

this context studies report a mismatch rate of up to 89% (Hurley, et al 2000, 

Petersdorf, et al 2001a, Varney, et al 1999), in view of the weak LD between this 

molecule and the rest of the classical HLA molecules (due to a ‘recombination hot 

spot’). In addition the impact of DPBl mismatching on transplant complications and 

outcome has been controversial.

One of the aims of this thesis was to investigate the impact of DPBl in UD HSCT. 

That includes, the tissue typing and characterisation of the DPBl profile of this group 

(patients and donors). An analysis of the impact which mismatching for this molecule 

has on transplant complications. An attempt to understand the functional impact and 

significance of these findings. Finally, to offer advice on the need to type DPBl pre

transplant and consequently advise on the best donor to choose. This discussion is 

divided into three sections: the impact of allele mismatching (section 1 ), the impact of 

epitope mismatching (section 2 ) and the impact of polymorphism in the patients and 

donor (section 3).

Section 1: The impact of DPBl allele incompatibility on transplant

complications

The majority of the analysis for this chapter was performed in the 282 pairs who were 

matched for HLA-A, -B , -C , -D RB l, -DQBl (at allele level), however the impact 

of DPBl matching in the whole cohort (423 pairs) is also discussed.

In order to validate the typing method and the allele assignments, these results were 

compared to published data. The frequency of DPBl alleles in the patients and donors 

in this study were as expected from population studies and were very similar to each 

other. The order and frequency of the ten most common patient alleles was almost
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identical to that found in the analysis of 1455 patients reported to the IHWC (Shaw 

and Varney 2004) (http://www.ihwg.org/components/hct_reports.htm), despite that 

group including ethnically diverse populations (in particular a large cohort from the 

JMDP). Likewise my data resembled that from the FHCRC (Petersdorf, et al 2001a). 

In all reports, as in the current study, there is an overrepresentation of a single allele, 

DPB 1*0401. This high rate of homozygosity (above expected values in the study of 

HLA loci) suggests a history of directional selection for DPBl (i.e. one common 

allele is favoured) (Hollenbach, et al 2001). In this study 30% of individuals were 

homozygous for DPBl (23% in the FHCRC study (Petersdorf, et al 2001a).

In this study, 18% of pairs were found to share complete DPBl identity (i.e. both 

alleles were the same in patient and donor). However, when analysing the impact of 

DPBl on outcome, mismatching can be considered to occur in the GvH, or HvG 

direction, mimicking the physiological circumstance. In view of the high degree of 

homozygosity seen for DPB 1*0401, the number of compatible pairs is greater than 

might be expected. 29% of pairs were compatible in the GvH direction in this study. 

This compares with other reports. In the data from the IHWC (Shaw and Varney 

2004) (http://www.ihwg.org/components/hct_reports.htm), allele matching was seen 

in 19% of pairs and compatibility in 28%. In the FHCRC data (Petersdorf, et al 

2001a) 24% were compatible. In a study from Australia (Varney, et al 1999), DP 

identity was seen in 11% and compatibility in 27% of pairs. In the study by Loi seau 

et al (Loiseau, et al 2002), DPBl identity was seen in 24% and compatibility in 42% 

(it is unclear why the proportions are relatively higher than in all the other studies 

mentioned and the current study).

DPBl was not usually typed (or matched for) prior to transplantation in this cohort. 

In addition, DPBl is not in LD with the other HLA alleles which were selected for 

pretransplant. Therefore no association between the patient and donor alleles was 

seen (nor expected) in this study. In view of the unpredictable nature of matching at 

this locus it was expected that a lack of association between DPBl matching status 

and other transplant factors would be seen in the study group. This was true for all
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variables except the disease subgroup, were there was a significant difference in the 

number of DPBl compatible pairs in each disease. This finding could not be 

adequately explained and it appears that this is a random finding. There were no 

disease associations seen with any particular alleles. Remarkably, similar data is 

present in a recent small study considering a mixed cohort of transplant recipients 

(Loiseau, et al 2002). In the CML group, 50% of patients received DPBl matched 

grafts, compared to 30% in the acute leukaemias.

The method used for scoring GvH and HvG mismatches in this study follows that 

suggested by Effie Petersdorf (personal communication, FHCRC), and was also the 

method which I used to analyse the DPBl dataset from the HSCT component of the 

13̂  ̂IHWC (Shaw and Varney 2004). However, it is partially based on a presumption 

and not on clear functional data. Although the presence of a mismatch in either 

direction is clear, whether this should be assigned a score of one or two is less so. The 

assumption is made that two completely incompatible alleles in patient and donor 

(scoring two) has the same functional impact as a homozygous patient and a donor 

with two different alleles (scoring two). This is an area where discrepancy may have 

arisen in interpreting the results from many studies. In fact, in an early study from the 

FHCRC (Petersdorf, et al 1993), DPBl mismatches were scoring differently: a 

homozygous patient and a donor with two different alleles were then scored as one 

mismatch. Many studies do not state the way in which they have scored mismatches. 

In an attempt to address this issue the analysis was repeated with mismatches scored 

in a different way to that above. For example, homozygous patients were scored as 

having one mismatch even if the donor had two different alleles as only one allele is 

being presented as foreign to the donor. Using this scoring system, 16 pairs 

previously scored as two incompatibilities now scored as one incompatibility. The 

incidence of acute and chronic GvHD were found to be increased in the one allele 

incompatible group, with no change in relapse rate or OS. This may suggest that this 

system is less likely to be valid than the one used for the study. Another way of 

accessing the validity of matching was to weight the pairs with four different alleles
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as ‘more incompatible’ -  i.e. score them as a four. Again this appeared to make no 

additional or logical functional difference.

The ideal scoring system would logically be one that is based on functional data and 

which is therefore able to define permissive and non-permissive mismatches. Such a 

scoring system has recently been proposed (Zino, et al 2004). This group have been 

able to classify different DPBl mismatches into those which are more or less 

immunogenic, based on a shared T cell epitope which they suggest determines non- 

permissive mismatches in HSCT. This data is based on a DPB 1*0901 specific T cell 

clone which they identified in a patient who rejected their graft (from a two allele 

mismatched family member) (Fleischhauer, et al 2001). This T cell clone has been 

shown, in the subsequent work, to cross react strongly with certain alleles 

(DPB 1*1001 and 1701), less strongly with some alleles (DPB 1*0301, *1401 and 

*4501) and not at all with a large number of other alleles (including DPB 1*0401, 

*0402, *0201, *1901 and *4601). Using their scoring system transplant pairs may 

have a permissive match or a non-permissive match (either in a GvH or an HvG 

direction). They have analysed 118 transplant pairs using their system and suggest 

that is associated with clinically valid results. I have analysed the data from the 

current study using the proposed scoring system with some areas of overlap, but 

others of disparity. These results and further discussion will be presented in section 

two of this chapter.

In this study, the presence of DPBl allele incompatibility resulted in significant 

differences in the incidence of aGvHD and disease relapse. These findings confirm, 

in a larger cohort, those previously made and published by our group (Shaw, et al

2003).

There was a significant increase in aGvHD in those pairs who have an incompatibility 

at HLA-DPBI. However there was no effect on the incidence of severe aGvHD. 

There was also no ‘threshold’ effect found in this study, i.e. the presence of an 

incompatibility scoring two did not result in a higher incidence of aGvHD than did an
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incompatibility scoring one. Although about half of the patients developed aGvHD 

(48%), this was clinically severe (grade III/IV) in only 4% of recipients overall. In 

addition, deaths directly attributable to this cause were low (9/143 deaths, 6 %). This 

is likely to be explained by the use of TCD (usually CAMPATH in-vivo), as the chief 

method of GvHD prophylaxis in this study. This represents a major difference 

between this study and most other studies reported in the literature.

A number of other studies have also reported an impact of DPBl matching on 

aGvHD. In a study of 205 CML patients (Petersdorf, et al 2001a), a single DPBl 

disparity was well tolerated with respect to aGvHD. In those with two allele 

disparities both the incidence overall and the severity of aGvHD were significantly 

greater. The authors speculate that two HLA disparities may activate more T cell 

clones than a single disparity. The incidence of severe aGvHD was 32% in that study, 

hence any effects due to DPBl on this complication may have been much more 

obvious to discern. In fact, the incidence of mild aGvHD was less in the two allele 

incompatible group, than either the zero or one allele incompatible groups. This 

persisted even if the two incompatible groups were added together. Thus the two 

studies cannot be directly compared. These data are in agreement with a recent study 

(Loiseau, et al 2002) reported a significant increase in severe aGvHD in those 

receiving a graft with two DPBl incompatibilities. A different group have shown an 

increase in severe aGvHD in DPBl incompatible pairs, but this was not dependent on 

the number of incompatibilities present. In addition, they report a trend towards an 

increase in severe GvHD in recipients who were negative compared to those that 

were positive for DPBl alleles encoding glutamic acid at position 69 (Varney, et al 

1999). The functional data to investigate a ‘threshold effect’ reveals conflicting 

results and will be discussed more fully in the next chapter.

In my study DPBl compatibility has been shown to have a significant impact on 

acute GvHD, both in the pairs matched for all other HLA loci tested (282 pairs) as 

well as when combined with other HLA matches in the whole cohort (423 pairs). If 

DPBl matching is ‘ignored’, pairs mismatched for any of 10/10 alleles have an odds
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ratio for developing aGvHD of 1.63. If DPBl is considered in this analysis the odds 

ratio for aGvHD in incompatible pairs is 2.03. This suggests that an incompatibility 

for DPBl can be considered as additive to other HLA matches with respect to this 

complication. Very few pairs compatible for 12/12 alleles developed severe aGvHD 

and there were infrequent deaths due to this cause in this group. This effect was also 

present in the patients receiving transplants for acute leukaemia.

A novel finding in this transplant cohort is the highly significant effect of DPBl 

compatibility on disease relapse. This finding has not previously been reported by 

any other group. This effect is not dependant on the number of incompatibilities 

present (i.e. in keeping with the lack of threshold effect seen in aGvHD). This effect 

remains highly significant in multivariate analysis, in fact, the only factor to have a 

greater impact than this is patients who have received a transplant in disease relapse. 

In this study the probability of relapse was high (61% at three years) related in part to 

the use of TCD, but also due to the large number of high risk patients receiving 

transplants.

What are the potential mechanisms for the increase in relapse in these matched pairs? 

Comparing relapse rates in HLA-identical sibling and UD transplantation, it is 

recognised that the relapse rate is greater when using sibling donors (Davies, et al

1996). This is thought to be due to the lack of any genetic disparity (potential for 

GvL) between patient and donor. In the current study the matching status begins to 

approximate this i.e. all of the six highly polymorphic HLA molecules were matched 

and anything in the MHC in strong LD with these molecules is likely to be matched. 

Thus, no major allo-disparity remains to contribute to a GvL response. GvL may be 

mediated by T cells and it is certainly possible that T cells mediate a GvL effect in the 

context of DPBl. The presence of DPBl specific T cells directed against leukaemic 

blasts have previously been reported (Ibisch, et al 1999). This group have shown that 

the majority of leukaemic cells express detectable levels of HLA-DP antigens. In 

addition, these leukaemic cells were accessible to direct lysis by the specific T cells. 

A further predisposition, then, to relapse in this study (and one which may explain the
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fact that this finding has not been seen by any other group who has considered this 

complication thus far) is the widespread use of T cell depletion in the transplant 

protocols used for patients.

In this subgroup of patients (matched for HLA-A, -B , -C, -D RB l, -D Q Bl) there 

was a significantly protective effect of both acute and chronic GvHD on disease 

relapse. This may imply that all three events are mediated by the same set of cells 

(which supports a T cell dependant mechanism). Alternately the pathology may be 

linked in other ways. Acute GvHD predicts for cGvHD (both in this study and others 

(Higman and Vogelsang 2004)). In addition more severe aGvHD is thought to predict 

for more extensive cGvHD (Morishima, et al 2002). Disease relapse is more likely to 

occur concurrent with cGvHD rather than aGvHD, thus the interplay between aGvHD 

and relapse may simply be an effect of it’s relationship to cGvHD. The pathogenic 

mechanism of chronic GvHD is poorly understood. While it may be mediated by 

alloreactive T cells, there is also evidence supporting an autoreactive T cell 

mechanism, with immunodeficiency and B cell dysfunction (Higman and Vogelsang 

2004).

A complicating fact is that there was no significant effect of DPBl matching on 

cGvHD in this cohort. Therefore if the observed GvL is being mediated by DPBl 

specific T cells, these do not appear to be crossreactive (i.e. able in addition to have a 

GvH effect). Thus the link between cGvHD and relapse cannot be entirely explained 

in this way. There are reports in the literature of GvL and GvH being mediated by 

different T cell clones (Michalek, et al 2003). The only example of a cross-reactive 

clone in this report was one in which the GvH reactivity developed late, concurrent 

with GvL activity, a situation perhaps reminiscent of the delayed reaction of DPBl 

allo-reactivity.

However, it is not only T cells that have been implicated in disease relapse. There is 

much (conflicting) data currently in the literature concerning the impact of NK cells 

and KIR ligand incompatibility on disease relapse (Davies, et al 2002, Giebel, et al
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2003, Ruggeri, et al 2002). While the ligands for inhibitory KIRs, particularly in the 

context of HLA Class I molecules, are relatively well recognised (Vilches and 

Parham 2002), there are numerous activating KIRs for which no ligand is known. The 

lack of the appropriate ligand may result in non-detection of residual blast cells and 

hence relapse. The use of T cell depletion prior to transplantation is likely to skew the 

reconstituting cell populations with an altered NK/ T cell ratio. Thus, as in 

profoundly T cell depleted haploidentical transplants, NK effects may be easier to 

uncover.

The highly predictive nature of DPBl compatibility for disease relapse could be seen 

in the whole group (423 pairs) as well as in the 10/10 (282 pairs) matched group. 

Thus, this is an effect which is present regardless of the matching status for the other 

HLA loci. None of the other HLA loci (either individually or in any combination e.g. 

Class 11 alone or Class 1 alone) had an impact on this complication. Therefore 

knowing the matching status for DPBl prior to transplant can be extremely important 

in anticipating complications. In particular, patients with CML appeared almost 

inevitably to relapse if DPBl is compatible (in additional to a 10/10 match).

This strong effect on relapse suggests that this molecule may differ in function to 

some extent from the other HLA molecules. The uncharacteristic overrepresentation 

of a single DPBl molecule (*0401), and the fact that the polymorphism at this locus 

appears to be subject to directional selection (rather than balancing selection as at the 

other HLA loci), may suggest a different evolutional history for this molecule 

(Begovich, et al 2001, Hollenbach, et al 2001) as well as a different function within 

the immune system (Valdes, et al 1999). This may suggest that this allele is the 

ligand for a relatively conserved molecule (in other words one which is highly 

expressed in many populations). Another aspect of DPBl activity to consider is the 

delayed reactions which are seen compared to other HLA mismatches (such as the 

need for a primed culture to stimulate a response). It is possible that more vigorous 

alloreactivity is mediated by the other HLA molecules (with very high cell surface 

expression, especially HLA-A, -B , -D R B l), but that DPBl has a need to be
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upregulated before the effects become apparent. This may be a function which is 

inherent in this molecule which makes it protective against malignancy.

There was no significant impact of DPBl matching status on overall survival. This 

has been a reproducible finding in this cohort and is possible to explain. While there 

is an increase in aGvHD this is mostly in mild disease (grade I/II). The presence of 

grade I aGvHD in this group was associated with a survival advantage, while grade II 

disease had the same impact on OS as did the lack of aGvHD. Likewise the presence 

of aGvHD predicted for the development of cGvHD which again is associated with a 

survival advantage in many cases. There is a significant increase in disease relapse in 

DPBl compatible pairs. Relapse is associated with a lower OS. However there are 

efficient salvage mechanisms, such as DLI, to return patients to a CR/PR following 

relapse, particularly in certain diseases. In the group overall, the effects of DPBl 

matching status seem to ‘balance out’. However, in ALL, where DLI is not successful 

in salvaging relapsed patients, DPBl matching is associated with a significantly 

worse outcome.

Some studies have come to a similar conclusion. In particular, the analysis of 1455 

pairs from the IHWC failed to reveal an impact of DPBl on OS (Shaw and Varney

2004) (http://www.ihwg.org/components/hct_reports.htm). Despite an increase in 

severe aGvHD with a two allele mismatch in the study from the FHCRC (Petersdorf, 

et al 2001a), there was no significant difference in the OS. Others have seen an 

impact on OS. In a small number of transplant pairs an impact of both one and two 

DPBl mismatches on OS were seen (Varney, et al 1999). A recent study (Loiseau, et 

al 2002) found a significantly worse OS in those with two DPB 1 incompatibilities.

There was no significant impact on OS of matching for 12/12 alleles in this study, 

despite the significant effects on particular complications, most likely for the reasons 

outlined previously. Only one other study has considered outcome in this way. In a 

recent abstract, they have shown a better outcome in patients receiving 1 2 / 1 2  matched 

grafts from UDs (Filion, et al 2004 (abst)). In their study, worse outcome appeared to
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be related to a decrease in TRM at 180 days in the 12/12 matched pairs (compared to 

any number of mismatches).

Section 2: The impact of DPBl epitope incompatibility on transplant

complications

In renal transplantation, in the light of effects due to DPBl mismatching on transplant 

outcome, the impact of epitope mismatching has been considered in those receiving a 

cadaver kidney retransplant (Laux, et al 2003). The analysis presented by Laux et al 

focuses on the six HVRs (Figure 4.7 see page 203) which have previously been 

outlined in this chapter. Graft survival was better in the pairs with less than two 

epitope mismatches, compared to those with more than three (when combining HVR 

A, B, E and F). This type of analysis has only recently been applied to DPBl in 

HSCT and few groups have published on the effect of certain epitopes on outcome.

One group (Loiseau, et al 2002) failed to find a correlation between mismatching at 

these epitopes and GvHD or overall survival. In addition they did not see an impact 

due to any incompatibility at position 69. Specific details about the method in which 

this analysis was done were not given. As mentioned, a functional ‘epitope based’ 

analysis has been performed by a different group (Zino, et al 2004). Using their 

system of scoring, they report a significant increase in aGvHD (grades II-IV) and 

three year TRM in pairs with a non-permissive mismatch (in a GvH or HvG 

direction), compared to those with a permissive mismatch. They do not see a 

significant impact on relapse or overall survival in their analysis.

In the present study incompatibility for a number of residues (or regions) were noted 

to impact significantly on transplant complications.

When considering the six HVR in the DPBl molecule, there was a highly significant 

survival detriment in those incompatible for HVR D. This effect appeared to be due 

to an increase in the TRM, although there was not a significant difference discernable

197



between the groups in terms of the actual cause of death. HVR D consists of two 

polymorphic positions, 65 and 69, In order to ascertain whether the effects seen were 

due to one of these residues (as may be expected from the literature concerning the 

impact of position 69), the impact of each of these was tested individually. 

Surprisingly, there was no significant effect due to the amino acid at position 69 on 

any transplant outcome. Instead this effect appeared to be mostly due to the mismatch 

at position 65. In fact, only one clinical transplant study (Varney, et al 1999) has 

reported any effect due to the amino acid present at position 69 on transplant outcome 

(those negative for glutamic acid had increased aGvHD) as previously mentioned 

(which was a trend). Experimental data from the same group seems to contradict the 

clinical findings in that stimulators (patients) positive for a glutamic acid at position 

69 resulted in higher responses in the MLR than those without (Nicholson, et al 

1997). In addition, in their functional study they note that the highest MLR reaction 

was in response to DPB I *0301 as stimulator. In these combinations there was no 

mismatch at position 69. Thus mismatching at position 69 could not explain all the 

positive effects seen in their study. The analysis from the 13^ IHWC was done in 

conjunction with this same group. The overall survival was not affected by the amino 

acid at position 69.

The amino acids in HVR C correspond to an area important in antigen recognition on 

the DRBl molecule. Although this region as a whole did not impact on transplant 

complications, there was a significant impact due to incompatibility at position 57, 

which was similar but more potent than the effect seen due to incompatibility at 

position 65.

Therefore in this study, the two residues most involved in transplant outcome are at 

position 57 and 65. The homologous positions on the crystal structure a DQBl 

molecule (with similarities to DPBl) are shown (Siebold, et al 2004) (Figure 4.10, 

fold-out page 203). Between these two residues are seven amino acids, most of which 

are important for peptide binding and/or TCR interactions, and all of which (except 

position 64 which is polymorphic in one DPBl allele only, DPB I *9601) appear to be
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completely conserved. This region, inclusive of 57 and 65, was analysed as a unit. 

Compatibility was significantly associated with better OS and reduced TRM 

compared to any incompatibility. It is possible that this was simply an additive effect 

of the impact at the two polymorphic positions, however as there are two possible 

residues in each position, thus four possible sequences across this region, such that 

the matching status for the whole motif could not be directly inferred from the 

matching status at 57 or 65.

The data (in all 282 pairs) was also analysed in the way proposed by Zino et al (Zino, 

et al 2004). Similarly to their data, there was a significant difference with regards to 

OS and TRM dependant on the matching status. However, this differed in that the 

matched group and the HvG group had almost identical outcomes, while the GvH 

group had higher TRM and worse OS. These results were predictable based on the 

analysis of the impact of the HVRs presented above. There was no significant impact, 

in the current study, due to any type of mismatch on acute or chronic GvHD, disease 

relapse or primary graft failure.

There are a number of differences between the current study and that reported by 

Zino et al. Firstly, the relative proportion of pairs falling into each group. In the Zino 

study, about half of the pairs had permissive mismatches (53%) compared to 69% in 

my study. Thus the mismatched groups were smaller in my study (HvG: 16% and 

GvH: 15%) than in the other (HvG: 26% and GvH: 20%). The reason for the higher 

number of immunogenic alleles in their study is not clear. In most populations, with 

the exception of DPB 1*0301, the frequency of each ‘immunogenic allele’ is less then 

2%. In our study the number of patients with these alleles is 12.7% and in the data 

from the 13*̂  IHWC it is less than 15%. Zino et al suggest a figure of about 30% as 

probable (phenotypic frequency) but do not offer an explanation as to why the figure 

in their study appears higher. Secondly, the lack of impact of the HvG vector on 

outcome in my study. In the other study, there was a strong impact of this direction of 

mismatch in both aGvHD and TRM (which equaled that of a GvH mismatch). The 

impact of the HvG vector in Zino’s study is explained as being due to the indirect

199



pathway of alloreactivity (i.e. cytokines produced by host T cells which recognise 

DPBl molecules on donor APCs). A potential explanation for the absence of this 

effect in my study is the widespread use of in vivo T cell depletion, using 

CAMPATH, which efficiently removes host T cells. CAMPATH was used in fewer 

than half of the patients in Zino’s study.

The highly immunogenic molecules in the Zino model (DPBl*0901, *1001, *1701) 

share HVRs A, B, D and F, while those in the intermediate group (D PBl*0301, 

*1401, *4501) have substitutions in HVR D as well as A or C. Of particular interest 

to me is the fact that HVR D is identical in group one alleles (ILeeE) and identical in 

group two alleles (LLeeK) and neither group has the far more common ILeeK motif 

(most of these fall into group three). This is in agreement with my data on the 

importance of HVR D. Therefore, I believe that using the scheme proposed by Zino 

et al the number of immunogenic molecules may be underestimated, as we have 

shown significant effects due to mismatching for HVR D which extend to other 

DPBl molecules (i.e. not just the six proposed). In fact, while there is a high TRM 

related to recipients positive for DPBl*1701, *1401 (and to a lesser extent *0301) in 

my study, this is also noted in recipients positive for DPB*1101, *1501, *0201 and 

others. In contrast, recipients with D PBl*0901 were not seen to have a very high 

TRM (although the frequency of this allele is low in this cohort).

Not many studies have reported the impact due to a particular allele/epitope on 

transplant outcome. However, D PBl*0201 is an allele which has been shown to be 

highly immunogenic in a number of studies (Lombardi, et al 2001, Nicholson, et al

1997). A possible explanation for the lack of immunogenicity related to *0201 in the 

Zino paper is that both the patient and donor had *0201 in addition to the disparate 

DPBl allele, thus strongly alloreactive clones may already have undergone thymic 

deletion (negative selection) in the patient and were therefore not present in this 

clinical setting. If this is true this data may not be directly translatable to all patients 

with other heterozygous combinations of alleles (in terms of the background in which 

the T cells have been educated). It has been shown, in the context of Class I restricted
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presentation of CMV specific peptides, that individuals who have B*07 and A*02 

preferentially present pp65 peptide in the context of B*07 (even though A*02 

immunodominant response is expected) (Lacey, et al 2003).

The number of amino acid differences in HVR C and D (amino acid 55-69) have 

previously been implicated in the positivity of the MLC between DP disparate 

individuals (Cesbron, et al 1992), which may indicated their functional importance. It 

is suggested that this T cell recognition of an immunogenic epitope, shared by a 

subset of DPBl alleles, is mediated by altered peptide binding, rather than by direct 

recognition of the residues in the HVRs (Zino, et al 2004). This is backed up by the 

knowledge that the peptide motif of different DPBl alleles varies profoundly 

(Rammensee, et al 1995). HVR C and D are localised in the a-helix of the j3 chain of 

the DP molecule. Four of the eight most polymorphic residues in exon two of the 

DPBl molecule are found in this region. Position 65 having one of four possible 

amino acids present, and positions 55, 57 and 69 having one of a possible three. 

Although the crystal structure of DPBl has not been solved, comparisons can be 

made with the structure and function of DRBl (or DQBl). Position 65 is analogous 

to position 67 (Marsh 1998) in DRBl, and is known to be involved in peptide 

interactions in that molecule. Likewise positions 55, 56 and 57 would correspond to 

positions 57, 58 and 59 respectively on the DRBl molecule. Position 57 in DRBl 

(i.e. 55 in DPBl) is known to be involved in peptide interactions.

Although the amino acid at position 57 (DPBl) points out of the groove, this does not 

necessarily exclude it from peptide interaction. As the peptides which bind to Class II 

tend to be long and ‘hang out’ of the ends of the groove, it is possible that the peptide 

may interact with this residue outside of the groove if it ‘bends in that direction’. It is 

possible that the combination of amino acids seen at (and between) position 57 and 

65 results in a conformational change at this end of the peptide binding groove (either 

closing it or opening it up), thus altering peptide binding in this way. Alternately, in a 

peptide independent model, these residues are in a position on the Class II molecule 

to interact directly with other molecules such as KIRs which dock in this area and are
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thought to have largely peptide independent mechanisms of recognition (Vilches and 

Parham 2002). Thus, the physical and conformational properties of this region may 

have a role in the inunune response.

An anomaly is the fact that the amino acid changes at residues 57 and 65 are 

relatively minor. The effects which have either been seen to be (or attributed to be) 

due to mismatches at position 69 involve relatively major differences in the amino 

acids. The two most common found at this position are a lysine and a glutamic acid. 

Lysine carries a positive charge while glutamic acid which is negatively charged. In 

contrast the amino acids which may be seen at position 65 are relatively similar 

(isoleucine and leucine, both relatively small hydrophobic amino acids). In fact there 

are another two possible residues in this position (phenylalanine and asparagine) 

which have other differences, but none of the alleles with these residues were present 

in this study. Likewise at position 57 both residues are acidic and negatively charged 

(glutamic or aspartic acid). A valine may also be seen in this position although was 

not present in this study.

Section 3: The impact of patient and donor DPBl alleles on transplant

complications

There is a suggestion that, irrespective of the matching status, certain patient alleles 

are related to a worse outcome (in this study through infectious deaths). Previous 

studies have reported similar findings with respect to other class II molecules. Some 

DR antigens (DRl; DR3) have been associated with a decreased risk of GvHD 

(Clark, eta l 2001, Weisdorf, eta l 1991).

In this study, effects due to alleles could be correlated to certain amino acids and 

epitopes within these alleles, however no particular allele or epitope was shown to 

correlate completely with a certain outcome. This means that additional factors must 

come into play to determine the final outcome.
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Figure 4.7: A representation of the amino acid sequence of the six Hypervariable Regions 
(HVR) in DPBl  exon two, including the conserved sequence between HVR C and HVR D 
(see appendix 8 for full exon two sequences)
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Figure 4.10: A structural representation of the MHC Class II molecule ( D Q B l*0602, 
accession code: luvq). HVR C and D are different by two residues in the DPBl  molecule 
(i.e. 71 in this model corresponds to 69 in DPBl ,  and 67=65, 59=57, 58=56, 57=55).
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There is a similarity here to that in outcome dependant on the KIR recognition motifs 

at HLA-C. Those recipients with only C2 specificities appear to do worse than those 

with only Cl specificity or both specificities (Cook, et al 2004). C2 alone is the least 

common of the three possible situations. Comparing that to the DPB1 epitopes results 

presented here, it can be seen that patients with the less common amino acids (‘D’ or 

‘L’ at 57 and 65 respectively) or motifs (such as at HVR D) have the worst outcome. 

It does not appear to be the case that a match is more likely in the commoner alleles 

(simply by virtue of them being more common), suggesting that it is recognition of 

these regions which is important.
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Chapter 5: A pilot project to develop a functional assay to assess 

HLA-DPBl specific alloreactivity

Introduction

The results from my PhD have consistently and reproducibly shown an impact of 

HLA-DPBl matching on the complications of UD HSCT in a large group of 

transplant recipients. However, the manner in which these effects are mediated, 

indeed the function of DPBl, is not completely understood.

Background

Cellular tests provide an indication of the functional histocompatibility between 

donor and recipients. In the MLC assay, cytokines are produced in the supernatant, 

and it is has been proposed that the expression of certain cytokines can indicate the 

presence or degree of transplant complications (Tanaka, et al 1994). Although 

HLA-DP region products were originally considered not to induce a primary MLC 

response, several studies have since shown that DP incompatibilities do contribute to 

the MLC (Moreau and Cesbron 1994), both in DP incompatible siblings (with 

DR/DQ identity) (Olerup, et al 1990) and in unrelated donor pairs.

A major drawback to the studies in unrelated pairs which have been performed to 

date has been the lack of high resolution tissue typing, which has made the results 

difficult to interpret (due to potential ‘hidden mismatches’). Studies regarding the 

predictability of responses have given conflicting results. While some groups have 

shown an incremental increase in the relative response based on an increasing number 

of disparities (Cesbron, et al 1992, Olerup, et al 1990), others have failed to show a 

difference in responses between pairs with one or two mismatches (Eiermann, et al 

1992, Farrell, et al 1988, Nicholson, et al 1997). In addition, in some studies certain 

DP disparities have been associated with a negative MLC and in others reactivity in
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the assay has been correlated to a particular amino acid substitution (Nicholson, et al 

1997, Potolicchio, et al 1996).

IFNy is one of the cytokines implicated in the development of aGvHD. It is produced 

by donor T and NK cells and activated by the conditioning received pre

transplantation. IFNy is secreted by allo-reactive CD8 + and CD4+ T cells in the MLC 

(Dickinson, et al 1994) and has been significantly correlated with the presence of 

Class II mismatches (van der Meer, et al 1999). In addition, several previous studies 

have shown that DP specific T cell clones produced IFNy and little or no IL-4 

(Lombardi, et al 2001, Tabata, et al 1998).

In view of the low frequency of DPB 1 alloreactive T cells which are predicted (based 

on the low level of expression of DP on the cell surface), it was important to use an 

assay with a very high sensitivity. It has been suggested that the lack of sensitivity in 

the MLC was one reason for the lack of recognition of DP disparities (Sell and Eckels 

1990). ELI Spot assays are designed for the detection of cytokine secreting cells at the 

level of a single cell (Heeger, et al 1999), and thus can be used to quantitate 

specifically the frequency of these cells (they can be used to measure T cell responses 

that occur at less than 1:100,000). In addition they do not require prior in-vitro 

expansion of T cells and are highly reproducible.

Aim

The primary aim of this pilot project was to ascertain whether DPBl specific 

responses could be detected in a highly sensitive functional assay, using unrelated 

donor pairs, when all other HLA mismatches were excluded. For the reasons outlined 

above I chose an ELI Spot assay, with the production of IFNy as a readout, to test for 

the presence of alloreactive DPBl specific responses. In the present study I had a 

number of advantages. I had access to a large pool of volunteer donors (from the 

Anthony Nolan Register) who, not only were matched for HLA-A, -B, -C, -D RBl, 

-D Q B l, but in addition were homozygous for the chosen haplotype, A*0101,
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Cw*0701, B*0801, D RBl*0301, DQBl*0201 (with tissue typing done to the allele 

level). This allowed for an extremely homogenous background on which to test the 

effects due to differences in a single molecule. A successful assay can then be used to 

assess the predictability of the T cell responses in terms of the number and/or type of 

DPBl mismatch present.

Results 

ELISpot plate set up and calculation of alloreactive cells

The ELISpot protocol used is outlined fully in chapter two (Materials and Methods). 

Each experiment was set up in 48 wells (thus two experiments could be performed 

per plate). Serial dilution of responder cells was performed in triplicate by double 

dilution in medium across the plate from wells 1 to well 12. Stimulator cells were 

then added to each well at a constant number. Positive and negative controls were set 

up simultaneously. The positive control consisted of responder cells alone (in 

medium), at the highest concentration used, with the addition of pH A. There were 

four different negative controls set up for each experiment: 1) Medium alone 2) 

Responders alone (responders were added to medium at the highest concentration and 

then double diluted over a total of three wells (i.e. reproducing the experiment in the 

test wells)) 3) Stimulators alone (stimulators were added to medium in the same cell 

numbers as the test wells) 4) Autologous control (responder cells were added to 

medium as described for responders alone. To this were added responder cells which 

had been irradiated (in exactly the same way as the stimulators, and at the same cell 

numbers)).

Spots were counted using ELISpot software on an ELISpot plate reader (see chapter 

two). The number of Spot Forming Cells (SEC) in each well were counted and a 

mean was calculated per triplicate. The number of spots from the control wells which 

gave the highest background were subtracted from the test sample result. The 

resulting number of SFCs was converted to SFCs/million responders (in order for
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experiments to be comparable).  An example of  a section of  a plate and the calculation 

is given (Figure 5.1 ).

b y — ^  o

16T*— ^ w
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Figure 5.1: A. Wells I. 2 and 3 from four horizontal rows (scanned ELISpot plate). Wells a l ,  

bI and el have ().5()() \ l ( f ’ responders, wells 2 have 0 .250 x l(f’ responders, wells 3 have 

0.125 X 10" responders (i.e. in triplicate). All nine of  these wells contain 0.1 x 10" stimulators. 

Row lour has responders alone at the cell numbers stated above. B. Print out from the 

EldSpot plate counter. Number o f  SEC at the highest concentration o f  responder cells: a I 

(162) + bl (102) + c l (220) = 583 /3 = 104 -  4 (control well d l )  = 100 SF(7 0.5 xIO" 

responders. I his is expressed per million responders i.e. 280 SFC

Establishing the technique in HI A mismatched healthy volunteers

In order  to set up the EiLlSpot assay 1 first used cells from com plete ly  HLA 

mismatched and gender disparate healthy volunteers,  as this situation has been shown 

to result in a vigorous T cell response. The responder was an A3, 29; Cw3,  6; B13, 

58; DR Bl *07, 13 female donor  and the st imulator A2, 24; B7, 51; DRBl *07, 08 

male donor. PBMCs were separated as described in chapter  two. Cells that were not 

required for the initial assay were stored in LN.. The initial assay was set up as 

described in chapter two, using responder cells at a highest concentration of  0.5 x 10'"
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and stimulators at 0.1 x 10  ̂ Controls were set up as described previously (Figure 

5.2).
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pHA Medium alone R espon der Stimulator
alone alone

Control

A utologous

Figure 5.2: Controls set up for each experiment performed. Positive controls produced large 

numbers of SFC. Wells with medium alone were completely negative. Background was 

minimal in the negative wells containing either responder, stimulator or autologous cells 

alone

Cell Numbers

In order to ascertain that the cell numbers used were appropriate, and to exclude the 

possibility that T cells in the stimulators contributed to the production of IFNy, the 

number of responders was plotted against the number of SFC (Figure 5.3A). At the 

highest number of responders the proportion of SFC is fewer than expected. The 

explanation for this is likely to be that too many cells are present in these wells, they 

therefore ‘stack up’ and each IFNy producing cell cannot come into contact with the 

membrane to produce a spot. Up to numbers of 0.3 x 10̂  responders/well the titration 

is linear (Figure 5.3B).
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Figure 5.3: The number of cells plated is plotted against the number of SFC A. These do not 

titrate linearly if all responder numbers are taken into account B When the highest number of 

responders are excluded the titration is linear

Time Course experiment

A time course experiment was performed in order to ascertain the appropriate 

incubation time needed to detect maximal specific responses. Three plates were set up 

simultaneously and incubated for 24 hours, 48 hours or 72 hours (Figure 5.4A). The 

number of SFC in the 24 hour plate was relatively low. Higher numbers were present 

in the plates incubated for 48 or 72 hours. By 72 hours the number of spots per well 

were too many for the plate reader to count efficiently, thus the standard deviation is 

high (Figure 5.4B). A 48 hour incubation time was selected for the further 

experiments on HLA mismatched donors.
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Figure 5.4: A, Number ol SF(' at il i (Te rent incubation times B. A representative well from 

each incubation time a. 24 hours b. 4S hours c. 72 hours

Experimental conditions

I next performed an exper iment to compare the use of  fresh cells to frozen cells in 

this assay. This is important if this assay were to be used in a clinical setting given 

that material becomes available at unpredictable times, and that donor  cells may be 

needed on more than one occas ion for separate recipients.  The responder  and the 

st imulator were the same pair as described for the time course experiment.  The plates 

were incubated for 48 hours and the results from these two expe r im en ts  were 

comparable (Figure 5.5).
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Figure 5.5: Two experiments using fresh or cryopreserved cells from the same donor pair 

were comparable

Establishing the technique in DPBl mismatched healthy volunteers

Heal thy donors  on the Anthon y Nolan Regis ter  were  approached  to provide  blood 

samples .  Donors  were  ident if ied due to being h o m o zy g o u s  and identical  for  thei r 

H L A - A ,  - B ,  - C ,  - D R B l ,  - D Q B l  al leles.  All dono rs  were  A * 0 1 0 1 ,  C w * 0 7 0 1 ,  

B*0801,  D RB 1 * 0 3 0 1 ,  D Q B l *0201.  This  haplotype was chosen as it is a frequent ,  

well conserved hap lotype in the Cauca soid  popula t ion (Degl i -E spos t i ,  e t  a l  1992, 

Iman ishi ,  e t  a i  1991). In addi tion they presented a broad range o f  d ispara te  D P B l  

types.

Time course experiment

In view o f  the low level o f  al loreactiv ity which is expected to be seen in D P B l  

specific responses  co mpared  to those f r om  a complete ly  H L A  misma tch ed  pair, the 

t ime course exper iment  was repeated.  The  shortest  incubat ion t ime was chosen to be 

48 hours  (as this was  opt imal  for the H L A  misma tched situation).  Cells f rom a male 

re spond er  (D PB 1*0301,  *0301)  were set up agains t  cells f r om a male  s t imulator 

(DPB 1*0201,  *0201) s imul taneously  in three plates to be incubated for  48,  72  and
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144 hours (Figure 5.6A). As may be expected the experiment  at 48 hours produced 

few spots, while the longest incubation time resulted in a great deal of  background 

and spots could not be adequately quantified by the ELISpot software (Figure 5.6B). 

The 72 hour incubation period was the most appropriate and this was chosen for the 

subsequent experiments.
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Figure 5.6; A. Number o f  SFC al dilTerenl iueuhalioii times IL A representative well from 

each incubation time a. 48 hours b. 72 hours c. 144 hours

Cell numbers

In an attempt to increase the number  of  events in each well, experiments were set up 

us ing di fferent  cell numbers .  Due to the results obta ined f iom the t i trat ion 

expe r iment ,  responders  were  not increased.  1 herefore  the next ex p e r im en t  I
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performed used lower numbers  of  responders (highest concentration; 0.3 x 10̂ ’). but 

slightly increased numbers of stimulators (0.3 x 10''). In this case there was a I : I ratio 

o f  responders to st imulators at the highest concentration.  This combinat ion o f  cells 

was  appropr ia te .  T w o  ex pe r im en ts  us ing this nu m b er  o f  ce ll s  were  set up 

s imultaneously .  In both the responder  was the same male don or  (DPB I '=0401, 

*0401).  The s t imulators  were both male but chosen to be one with a two allele 

mismatch (in which a high frequency of  IFNy producing cells may be expected;  

DPB I * 0 2 0 1. * 0 3 0 1 ) and one with a single allele mismatch (in which a low frequency 

o f  IFNy producing cells may be expected;  DPB I *0402, *0402).  In the two DPBl  

allele disparate pair a large number of spots were seen. In fact, at the highest number  

o f  responders  there were perhaps too many spots for clarity, and the clearest  wells 

were those with 0.13 x 10'" responders (Figure 3.7A). In the pairs with only one DPBl  

disparity the number o f  spots were far fewer. In this case only the wells with cells at 

the highest concentrat ion had evidence o f  a response above background (Figure 

5.7B).  I herefore,  these assays need to be performed across a range o f  responder 

numbers in order to ensure an interpretable result at one concentration is obtained.

B

Figure 5.7: Representative wells from the FF I Spot plates A. the two DPBl allele disparate 

pair B. the one DPBl allele disparate pair. In each a. represents wells with a responder 

number o f  0.3 \  10'’ and b. wells with a responder number o f  0.15 \  It)'"

D P B l negalive control

A negative control was set up where there were no known HLA disparities present. 

T wo  exper iments  were set up s imultaneously.  In both the st inmlator  was a male
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donor (DPB 1*0401, *0401). In the first experiment the responder was a male donor 

(DPB 1*0401, *0401) and in the second a female donor (DPBl*0401, *0401). There 

was no reactivity above background seen in either of these experiments.

DPBl blocking experiments

In order to show that these responses were DPBl specific, experiments using an anti- 

DP antibody (B7/21; mouse IgG,) were performed. The responder was a female 

DPBl homozygous donor (DPB 1*0401) as was the stimulator, although with one 

disparate DPBl allele (DPB 1*0401, *1301). The anti-DP antibody was added to the 

wells at three different concentrations (one concentration per row): 5 pg/ml, 0.5 

pg/ml and 0.005 pg/ml. An isotype control experiment was set up simultaneously 

using a non-human antibody (M0PC-31C; mouse IgG,) at the same concentrations. 

In this experiment I was able to show specific blocking mediated by the anti-DP 

antibody. There was also some degree of blocking by the isotype control, although 

this was not as great as with the specific antibody (Figure 5.8). This blocking was 

dependant on the concentration of specific antibody used.

1 0 0

Unblocked AntiDP (5) AntlDP (0.5) Isotype (5) Isotype (0.5) 

Antibody (microgram/ml)

Figure 5.8: The percentage blocking using a specific and isotype control at different 

concentrations
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Reproducibility

I had shown in the completely  HLA mismatched donors  that  these exper iments  were 

reproducible at di fferent times. In addi tion to this, on two more  occasions  I repeated 

expe r im en ts  us ing the same  donors .  In one  case  the D P B l  negat ive  control  was 

repeated (both donors DPB I *0401, *0401). In the other a DPB I *0401 responder  was 

co m bined  wi th a DPB I *0201,  *0301 s t imulator.  In both  sets o f  exper iment s  the 

results were similar on both occasions.

Results of individual mismatched pairs

It would  be di ff icul t  at this early s tage o f  the projec t  to draw m any  conclus ions  

concerning the association between the f requency of  D P B l  al loreact ive cells and the 

d i fferent  D P B l  mismatches .  Thi s  is due to the re la t ive ly  smal l n um ber  o f  assays 

which have been per formed and the di fference between them  (for example ,  in cell 

numbers).  Nevertheless a few of  the combinat ions which have been tested to date are 

show n  (F igure  5.9) in an a t tempt  to m ake  poss ib le  a s s u m p t io n s  o f  funct ional  

relevance to inform fur ther experiments.
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DPBl mismatch

R(*0401) R(*0401)
S(*0201, *0501 ) S(*0401, *1301)

Figure 5.9: Different DPBl allele combinations result in a wide variation in the number of 
SFC seen. (R=Responder, S=Stimulator)
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Discussion

In this analysis I have shown that in an MLC cells specific for DPBl can produce 

IFNy in an ELISpot assay. In other words, in unrelated donor pairs who are 

completely matched (and homozygous) for their other HLA alleles (HLA-A, -B , -C, 

-D R B l, -D Q B l) Tyl responses can be generated by as little as a single DPBl 

disparity. This confirms that DPBl is an allogenic molecule, as is suggested by the 

clinical outcome studies which I have performed and presented in earlier chapters. 

This is the first time DPBl specific responses have been reported in the context of an 

ELISpot assay between unrelated donor pairs.

As expected the frequency of IFNy producing T cells is relatively low with DPBl 

mismatches in comparison to the frequency of these cells seen in the multiple HLA 

mismatched pairs (however, there are examples of pairs with high numbers of SFC in 

this study). This was partially dealt with by prolonging the incubation time, as has 

been previously suggested (Sell and Eckels 1990). More difficult to deal with, is the 

issue of cell numbers, as only a finite number of responder and stimulator cells can be 

placed in the wells in order for these to have contact with the membrane. Thus, very 

infrequent responses may not be detected, despite being present. Nevertheless, with 

the cell numbers used here and at an incubation time of 72 hours, nearly all the pairs 

which were expected to raise a response did. Therefore, in the two pairs that did not, 

it may be more likely that the lack of response was peculiar to these pairs, rather than 

that a response would have become apparent at a different incubation time or cell 

dose. Alternately, this combination may represent a ‘permissive’ mismatch.

In order to ensure that no confounding effects were present due to other HLA 

mismatches, pairs were typed to allele level. This would not however exclude the 

presence of mismatches for minor histocompatibility antigens (such as occurs in 

HLA-identical sibling transplantation). Class I or mHags may cause reactivity by the 

action of self-peptides being presented by allogeneic DPBl molecules (Essaket, et al 

1990). One possible situation which could be taken into account was the presence of
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gender related mHag (e.g. H-Y) which have been well described. To exclude effects 

due to these I tried always to match the donor gender in experiments, except in the 

DPBl negative control experiment where both gender combinations were 

purposefully and simultaneously set up. It may be expected that if much of the effect 

in this assay was due to mHags the female (responder) to male (stimulator) 

combination would have a higher reactivity than the gender matched combination. 

This was not the case, in both combinations the ELISpot assay was negative (on two 

occasions).

The ‘background’ IFNy production was evaluated by a variety of negative controls in 

each experiment. Previous studies have suggested potential sources of extraneous 

cytokine production in the MLR (Hornick, et al 1997) including an autologous MLR 

(AMLR), i.e. lymphocyte activation by autologous APCs, which may occur in the 

stimulator and/or responder populations. While there are mechanisms which are 

shown to reduce these responses (by T cell depletion of the stimulators and depletion 

of APCs from the responder), these were beyond the scope of this pilot project. The 

dose of irradiation used for the stimulators may also be an important factor in 

preventing cytokine production from any T cells present. Although the dose was not 

altered in this study, 30 Gy of irradiation was used, which may be sufficient to 

minimise the proliferation of stimulator cells without compromising their 

immunogenicity (Hornick, et al 1997).

A further means to ensure that this response was specific was to use an anti-DP 

antibody, in conjunction with an isotype control. Blocking by B7/2I (Watson, et al 

1983) was dose dependant, with a high percentage of blocking at a concentration of 5 

p,g/ ml (>90%). At the same concentration of the isotype control blocking was also 

seen, but to a lesser degree (<70%). Thus, the degree of blocking achieved, and the 

lesser degree of blocking with the isotype control, are sufficient to prove that at least 

a proportion of the cells producing IFNy are DPBl specific. The B7/2I antibody has 

been reported to efficiently block DPBl responses in cytotoxicity assays (Ibisch, et al 

1999, Lombardi, et al 2001). The starting concentration of antibody used was based
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on advice from Giovanna Lombardi (personal communication). A paper published by 

that group (Lombardi, et al 2001) was able to show complete blocking of DPBl 

specific T cell clones (using a concentration of 1 pig/ml of B7/21) in a proliferation 

assay, however in addition they saw a partial blocking effect by anti-DR antibodies. 

They speculated that these effects may be due to the substantially low level of DP 

expression (such that relatively high concentrations of antibody are required) and 

highlight this important potential artefact in the interpretation of antibody-blocking 

data. Similar findings are presented in another study (Ibisch, et al 1999), where in 

eight patients it could be demonstrated that blocking DPBl resulted in an inhibition 

of cytotoxic activity (an average of about 60%). There was evidence of blocking 

when an anti-DR antibody was used, but this was not as strong as that seen with the 

anti-DP antibody.

These data are too preliminary to allow conclusions about the presence of permissive 

mismatches and strength of the alloresponse dependant on the type of mismatch. 

However some tentative observations will be made.

First, IFNy was produced (at a low level) when certain single allele mismatches were 

considered, but not in others. The pairs which resulted in spot formation could not 

have been predicted from the mismatches which are present at the epitope level in 

these combinations. In the two experiments which gave negative results the responder 

was the same individual, thus this may reflect a situation unique to this donor and not 

to the particular allele combinations.

Second, in these limited experiments pairs with two mismatched alleles inevitably 

resulted in a greater response than those with one mismatched allele. Although there 

were no examples of a negative ELISpot in pairs with two mismatches, the magnitude 

of response was noted to be different in different mismatches. For example the 

response by a DPB 1*0401 homozygous individual to an individual who was 

heterozygous with DPB 1*0201, *0301 was vigorous, compared to the response by a 

(different) DPB 1*0401 homozygous individual to an individual who was
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heterozygous with DPB 1*0201, *0501 which was minimal. Based on the epitope 

mismatch pattern in these pairs one may have predicted that a disparity between 

*0401 and *0301 was likely to be more immunogenic than one between *0401 and 

*0501. However, a pronounced effect due to the *0201 in the stimulator in both pairs 

may have been expected in addition.

Thus far then, these experiments have yielded expected as well as unexpected results. 

There are many potential reasons for these discrepancies. Certainly, numerous 

ELI Spots would need to performed in order to assess all common combinations of 

DPBl allele mismatches (while controlling for other factors such as gender). 

Responses seen due to a mismatch in one pairs may not be translatable to a different 

pair with an identical mismatch. Other factors which may well play a role are 

polymorphisms in the cytokine genes. While a mismatch may be equally allogenic, 

the amount of IFNy produced may also be a function of polymorphisms governing 

whether the individual is a high or low producer (Pravica, et al 1999). A further 

confounding factor is that in-vivo responses may not be the same as in-vitro responses 

(Dickinson, et al 2001). One group have shown that while cells with a lack of 

glutamic acid at position 69 results in a significantly higher response in the MLR 

(when responding to cells with a glutamic acid at position 69) (Nicholson, et al 

1997), it is patients negative for glutamic acid in this position that have an increase in 

severe aGvHD (Varney, et al 1999) following UD HSCT.

Conclusions and recommendations

This study has shown that it is possible to demonstrate DPBl specific T cell 

responses in an ELISpot assay, when other HLA mismatches have been excluded.

This assay may be useful in the understanding of DPBl function. The ELISpots 

performed in this study show that IFNy is produced by DPBl specific cells. As yet 

there is no information on any other cytokines which may be produced, and the 

relative proportions of each. In addition the specific cell set which is mediating these
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effects has not been examined. PBMCs should be separated to assess the relative 

contribution of different cells of the immune system (CD4+ cells, NK cells, etc) to 

these responses. It will also be important to repeat these experiments on the 

background of different HLA haplotypes in order to ascertain whether the same 

DPBl mismatch results in the same response when individual’s cells have been 

educated in a different setting. Currently, there is not enough information to support 

the use of this assay as a tool in unrelated donor selection, nor can the response in a 

particular DPB 1 mismatched pair be predicted.
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Chapter 6: TNFA promoter polymorphisms and outcome of HSCT 

Introduction

It is clear from published studies in both related and unrelated HSCT, and from the 

results in this thesis thus far, that transplant complications can occur even when the 

recipient and donor are matched for 12/12 HLA alleles. These effects are likely to be 

mediated by genetic factors other than HLA (for example mHags and cytokine gene 

polymorphisms).

As outlined in the introduction, a number of studies have considered the impact of 

one or more of these factors and there is now a large body of data concerning the 

impact of cytokine polymorphisms in HSCT (Dickinson, et al 2001, Lin, et al 2003). 

The majority of these studies, however, are in HLA-identical sibling transplants. 1 

therefore undertook to investigate the effect of such a polymorphism in the unrelated 

patient/donor pairs in this study group.

The cytokine polymorphisms which were chosen to be investigated are in the 

promoter region of the TNFA gene at position -308 and position -238. 

Polymorphisms in this region have been associated with a differential rate of cytokine 

production (i.e. they may determine ‘high producers’ and ‘low producers’) (Kroeger, 

et al 1997). Thus, they have a potential functional relevance in transplant studies. As 

outlined in chapter one (Introduction) the TNFA gene is found on chromosome six. 

TNFa protein has a molecular mass of around 26 kDa and is produced by numerous 

cell types including monocytes, fibroblasts and endothelial cells. It is a pro- 

inflammatory cytokine which increases MHC expression, facilitates cell mediated 

cytotoxicity and is itself cytotoxic via apotosis. TNFa is released due to damage to 

host tissues during chemoradiotherapy conditioning and studies have shown that 

increased levels of TNFa are associated with increased transplant complications (e.g. 

aGvHD and TRM) (Dickinson, et al 1994, Holler, et al 1997).
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Aim

The aims of this part of the analysis were three-fold. First, to adapt an existing typing 

technique for a new application (i.e. to use RSCA to type TNFA promoter 

polymorphisms). Second, to investigate the LD between the TNFA alleles and the 

HLA alleles. Third, to investigate whether the presence of a particular allele in the 

patient and/or donor was related to transplant complications.

I had access to a bank of homozygous B-Lymphoblastoid Cell lines (B-LCLs) from 

the 10̂ ’’ IHW cell panel which had been typed by PCR-SSP for their TNFA promoter 

region alleles (positions -308 and -238) in the Tissue Antigen Laboratory, ICRF, 

London, UK (F. Petronzelli, personal communication). These had been selected as 

they were known to be homozygous for their HLA haplotypes. These provided ideal, 

well characterised control material with which to set up the TNFA typing assay in 

this study. In addition, initial observations concerning the presence of LD between 

TNFA and HLA alleles could be made.

To investigate further the observations of associations seen from the typing in the 

B-LCLs, and to study the impact of these polymorphisms on transplant 

complications, TNFA typing on a subset of the patient/donor pairs was performed. 

This analysis was performed midway through my studies and at the time 218 

transplant pairs were collected, and had been tissue typing at high resolution for six 

HLA loci. This analysis was performed in 2003 and published in 2004 (Shaw, et al 

2004b).

The specific details regarding the methods used in this part of the analysis are 

comprehensively presented in chapter two (Materials and Methods) however a brief 

summary of the development of the assay will be given here.
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Amplification of the T N FA  promoter region

The two polymorphic positions of interest lie close together in the TN FA  promoter 

region (Figure 6.1). A single PCR could therefore be performed to include the 

nucleot ides present in both position. The f ragment  obtained (396 base pairs) was 

similar in length to that of  the HLA Class II alleles (exon two) typed in this study. For 

this reason the PCR conditions were based on those for Class II typing. There were 

four possible alleles (GG,  GA,  AG, AA) which could be ampl if ied,  however  only 

three were seen in this study (GG,  GA,  AG). There are no reports in the literature of  

the AA allele being found.

TTCCTGCATCCTGTCTGGAAGTTAGAAGGAAACAGACCACAGACCTGGTCCCCAAAA

GAAATGGAGGCAATAGGTTTTGAGGGGCATGGGGACGGGGTTCAGCCTCCAGGGTCC

TACACACAAATCAGTCAGTGGCCCAGAAGACCCCCCTCGGAATCGGAGCAGGGAGGA

TGGGGAGTGTGAGGGGTATCCTTGATGCTTGTGTGTCCCCAACTTTCCAAATCCCCG

CCCCCGCGATGGAGAAGAAACCGAGACAGAAGGTGCAGGGCCCACTACCGCTTCCTC

CAGATGAGCTCATGGGTTTCTCCACCAAGGAAGTTTTCCGCTGGTTGAATGATTCTT

TCCCCGCCCTCCTCTCGCCCCAGGGACATATAAAGGCAGTTGTTGGCACACCCA

Figure 6.1: The promoter region of  the human I NI A gene (G(J allele) with positions o f  PCR 

primers and pol) inorphic positions highlighted in red

Development o f  RSCA reagents

In order to be able to assign a TN FA  type by RSCA, standardised reference strands 

(FLRs) needed to be generated. Because it is possible that two different alleles will 

share the same mobility in the gel when hybridised to a single FLR,  it is essential to 

use at least two FLRs (with the same sample) to ensure resolut ion of  the alleles 

present. For each of  the possible alleles (GG,  GA,  AG) two TN FA homozygous  cell 

lines were chosen,  and these were amplified for the use as FLRs by the addition o f  a 

Cy5 label on the forward pr imer .  When run a lone by p o ly ac r y lam id e  gel 

elect rophores is  (PAGE) (on the A If-Ex press) each FLR gave a clear,  single peak. 

These I LRs were then hybridised to the test samples and the product examined by
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PAGE.  Despite luinieroiis alterations to gel, run and hybridisation condi tions,  there 

were no combinat ions  o f  PER which would nnambiguously separate all three alleles 

(Figure 6.2). In most cases the G A PER could split the alleles, but the GG and AG 

FLRs could not.

A  F L R K G A )  •

.A_______   A !___
AG _ fl

       ___
A FLR2(GG)

A . . __________
AG

GA

A. FLR3(AG)

GGr. A :
A Internal control  GA ^  :

Figure 6.2: An example ol an RSC’A gel showing peaks obtained with three human FLRs 

hybridiseJ to samples (with known INF A alleles). Only with the ( îA  F PR was there 

separation ol the I NF A alleles in the samples

The most likely reason for the lack of  separation of  all alleles by RSCA was the 

s imilar ity between the F PR and the test samples  (in each,  no more  than two 

nucleot ides differed).  For this reason an alternate source of  FPR was investigated. 

The TN FA  region ol a nutnber o f  primates  was examined.  The Rhesus  monkey 

{ M a c a c a  n m U i t t a )  TN FA gene was found to shaie 93% sequence homology with the 

human gene. A PCR fragmetit o f  identical length to the human product was generated 

using primers  in the same positions,  but with two nucleot ide subst itut ions in the 

reverse primer (see chapter two). Tw o FLRs were created by addition of a Cy5 label 

to the reverse (in one) and the forward (in the other) printers. Using these FLRs 

hybridised to the test samples,  each o f  the haplotypic conformat ions  seen coidd be 

assigned visually without ambiguity (Figure 6.3).
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FLR 1 , j V

Internal  contro l A, GA

,A_.̂ GG

A AG

A GA-fGG

A _ , aA, GG+AG

GA+AG

F L R 2 A /V GA

A GG

/V AG

; A a GA-ÆG

GG+AG

A A.A GA+AG

Figure 6.3: An example o f  an RSCA gel .showing peaks obtained with two M acaca niulatta 

FLRs hybridised to samples (with known IN FA alleles). I he three alleles have a distinct 

mobilit) .  which is unambiguous in both homozygous or heterozygous samples when both 

FLRs arc used

Results of  1 N F A  ty ping and matching  

H om ozygous B -l .ym phob lasto id  Cell lines

I was able to coiifinn the TNFA types of  a niiinber of  B -L C L s  which had previously 

been assigned by PCR-SSP,  when performing the typing by the RSCA protocol 

which I had set up. In addition I performed SBT on a number of  samples to ‘double 

check '  the accuracy of  the RSCA residts. I also performed TN FA typing by RSCA on 

a number  of  additional B -L C L s  with specific HLA types, chosen to investigate a 

suspected H L A - B  and TNFA association that had been reported in the literature. In 

total there were 73 B -L C L s  typed.  There  were three possible alleles seen most 

common of  which was GG allele, followed by the AG allele and then the GA allele. 

Only  two o f  the cell lines (VEN and M A N IK A ) were found,  as expected,  to be 

heterozygous  for their TNFA alleles, as both were also heterozygous  for HLA.  A 

number  of  cell lines were heterozygous for HLA,  but not surprisingly found to be
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homozygous for TNFA (due mostly to the high frequency of the GG allele). Although 

it appears that certain of the three TNFA alleles were associated with well recognised 

HLA haplotypes (see appendix 9 for B-LCL typing table) the association cannot be 

said to be exclusive, given the limited number of samples tested and the relatively 

narrow ethnic background from which the samples were drawn.

An association between the less common TNFA alleles and the HLA alleles was 

sought. The TNFA AG allele was found in association with the extended HLA 

haplotype A*0101 -Cw*0701 -B*0801 -DRB 1*0301 -DQB 1*0201 in all cases. In 

addition the AG allele was seen with B*4402 and B*5101 (though only in one case 

each). The TNFA GA allele was always seen to be present on the Cw*0501 -B*1801 

-DRB 1*0301 -DQB 1*0201 haplotype (which did not however extend as far as 

HLA-A). Interestingly, on haplotypes where B*1801 was seen in association with a 

different HLA-C allele (e.g. Cw*0701 or Cw*1203), the TNFA allele which was 

present was the GG allele. In all examples of cell lines with a B*5701 allele the GA 

allele was associated (irrespective of the extended haplotype). The TNFA GA allele 

was also seen with a B*5501, B*4101 and B*5001, but in each case only one cell line 

with this HLA-B type had been typed.

Recipient/donor pairs

In the 189 recipient/donor pairs tested, the TNFA GG allele was the most commonly 

seen. The TNFA AG allele was relatively common and the TNFA GA allele was least 

commonly seen. The potential TNFA AA allele was not seen in any of the samples 

tested (Table 6 . 1 ).

Table 6.1: TNFA alleles and frequencies

TNFA Allele Position -308 Position -238 Frequency (patients) Frequency (donors)
GG G G 73.3% 74.1%
AG A G 2 2 .2 % 21.7%
GA G A 4.5% 4.2%
AA A A Not seen Not seen
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Of the total 378 samples tested, 221(58%) were found to be homozygous for the 

TNFA allele. In most cases, as expected, this represented homozygosity for the GG 

allele. In only two samples were the individuals homozygous for the GA allele. This 

was seen in a transplant pair who were completely matched (and homozygous) for all 

12 HLA alleles (A*OIOI -Cw*0602 -B*570I -D R B I*0701 -D Q B I*0303 

-DPBI*040I). Seventeen of the samples were homozygous for the AG allele.

To confirm the observations made from the B-LCLs and to investigate the level of 

linkage disequilibrium that could be demonstrated in these samples, a statistical 

analysis was performed. This analysis was performed by Hazael Maldonado, a fellow 

PhD student in our laboratory, who had written the statistical analysis program (see 

Chapter two. Materials and Methods). In this analysis the patients and donors were 

considered as separate populations (donor data not shown) (which are in addition 

non-random).

There was evidence of highly significant associations between the less common 

TNFA alleles and HLA-B. Three highly significant associations were seen. 

HLA-B*0801 with the TNFA AG allele (p<0.001), HLA-B*5001 with the AG allele 

(p<0.001) and HLA-B*570I with the TNFA GA allele (p<0.001) (Table 6.2). Each 

of these associations had also been observed in the homozygous B-LCLs. In each 

case the HLA-B allele was also found to be negatively associated with the TNFA GG 

allele, as is expected. Although the TNFA GA allele is also seen with B*I80I and 

B*350I neither association is significant. B*4402 was seen together with both the 

TNFA GG allele, 9.2%, and with the AG allele 2.9% (non significant association).

The TNFA GG allele is highest in frequency, but lacks statistically significant 

evidence of LD with HLA-B (in view of the large number of HLA-B alleles 

represented) except in the case of B*0702 (p=O.OI).
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Table 6.2: Linkage Disequilibrium between HLA-B and TNFA allele promoter 
polymorphisms in 189 recipients

HLA-B TNFA Freq. MLE Delta Relative
Delta

Chi-Squared
[(0-E):/E]

P-value

B*0702 GG 0.1772 0.0474 1 . 0 0 0 0 6.53 0.0106
B*0801 AG 0.1692 0.1310 0.9798 169.85 0 . 0 0 0 0

B*4402 GG 0.0926 0.0034 0.1038 0.05 0.8261
B*4403 GG 0.0344 0.0092 1 . 0 0 0 0 1.27 0.2604
B*5701 GA 0.0344 0.0328 1 . 0 0 0 0 263.64 0 . 0 0 0 0

B*4402 AG 0.0291 0 . 0 0 2 1 0 . 0 2 2 2 0.06 0.8042
B*1801 GG 0.0291 0.0058 0.6881 0.55 0.4569
B*3501 GG 0.0265 0.0051 0.6598 0.47 0.4946
B*5001 AG 0.0132 0.0103 1 . 0 0 0 0 13.61 0 . 0 0 0 2

Of the above pairs, 18 (10%) were found to be mismatched for their TNFA alleles. In 

view of the LD that had been shown, and in order to remove the impact that HLA 

mismatches would have on TNFA mismatches, I next analysed the data in 125 pairs 

who were matched from HLA-A to HLA-DQBl. As expected a high proportion of 

these were matched in addition at their TNFA alleles, however in eight (6.4%) pairs 

there was a mismatch (Table 6.3), suggesting that recombination events have 

occurred in haplotypes possessed by these individuals.

Table 6.3: Mismatched TNFA in HLA-A to HLA-DQBl matched pairs

P/D' HLA-A HLA-C HLA-B TNFA HLA-DRBl HLA-DQBl
P 0 1 0 1 0 1 0 1 0701, 0701 0801 0801 AG, AG 0301 0701 0201/02, 0303
D 0 1 0 1 0 1 0 1 0701, 0701 0801 0801 GG, GG 0301 0701 0201/02, 0303
P 0 1 0 1 0 1 0 1 0701,0303 0801 1501 GG, GG 0301 1301 0201/02, 0603
D 0 1 0 1 0 1 0 1 0701,0303 0801 1501 AG, GG 0301 1301 0201/02, 0603
P 0 1 0 1 0301 0401,0702 3501 0702 GG,GA 0 1 0 1 0103 0301,0501
D 0 1 0 1 0301 0401, 0702 3501 0702 GG, GG 0 1 0 1 0103 0301,0501
P 0 1 0 1 0301 0701, 0802 0801 1402 AG, GG 0301 1302 0201/02,0609
D 0 1 0 1 0301 0701, 0802 0801 1402 GG, GG 0301 1302 0201/02,0609
P 0 2 0 1 0 2 0 1 0304,0501 4001 4402 GG, GG 1 1 0 1 1301 0301,0603
D 0 2 0 1 0 2 0 1 0304,0501 4001 4402 GG,AG 1 1 0 1 1301 0301,0603
P 0 2 0 1 0301 0501,0702 0702 4402 GG, GG 1501 1501 0602,0602
D 0 2 0 1 0301 0501,0702 0702 4402 AG, GG 1501 1501 0602,0602
P 0 1 0 1 2402 0701, 0303 0801 5501 AG, AG 0301 0301 0 2 0 1 /0 2 , 0 2 0 1 / 0 2

D 0 1 0 1 2402 0701,0303 0801 5501 AG, GG 0301 0301 0 2 0 1 /0 2 , 0 2 0 1 / 0 2

P 1 1 0 1 0 2 0 1 0701,0501 0801 4402 AG, GG 0301 1501 0 2 0 1 /0 2 , 0602
D 1 1 0 1 0 2 0 1 0701,0501 0801 4402 AG, AG 0301 1501 0201/02,0602

P/D: Patient (P) or Donor (D)
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Clinical significance of TNFA polymorphism

In view of the recognised effect of HLA mismatching on transplant outcome, those 

pairs mismatched for one or more allele at HLA-A, -B, -C,-DRB1 or -DQBl were 

excluded from the analysis of the impact of their TNFA allele polymorphisms (thus 

125 pairs were included in the analysis). This cohort was analysed to assess the 

impact of both the polymorphisms at position -308 and -238 on various 

transplantation outcomes. There was no significant impact, on any transplant 

outcome, related to the polymorphism at position -238 (possibly due to the low 

numbers of people who possess the ‘A’ at this position). The data related to the 

polymorphism at position -308 are presented below. The clinical characteristics of 

this cohort can be seen in Table 6.4.

Table 6.4: Recipient/Donor and transplant characteristics (in 125 pairs matched from 
HLA-A to HLA-DQBl)

Variable Number (%)
Recipient age: Median (Range) 32 (<l-57)
Donor age: Median (Range) 33 (21-53)
Recipient/Donor CMV status
Negative/ Negative 73 (58%)
Negative / Positive 16 (13%0
Positive/ Positive 1 1 (9%)
Positive / Negative 15 (1 2 % 0

Missing data 1 0 (8 %)
Recipient/ Donor gender
Sex match 78 (62%)
Female to male 15 ( 1 2 %,)
Male to female 32 (26%)
Disease
Chronic Myeloid Leukaemia 35 (28%0
Acute Myeloid Leukaemia 24 (19%0
Acute Lymphoblastic Leukaemia 30 (24%)
Other Malignant 31 (25%)
Non-malignant 5 (4%)
Stem cell source
Bone marrow 117 (94%)
Peripheral blood stem cells 8 (6 %)
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Post-transplant immunosuppression
None 1 2 ( 1 0 %)
Cyclosporin alone 29 (23%)
Cyclosporin and methotrexate 57 (46%)
Other 4 (3%0
Missing data 23 (18%0
T cell depletion
No T cell depletion 8 (7%)
T cell depletion 93 (74%)
Missing data 24 (19%,)
Disease stage
1 CR* (acute leukaemia) 15 (1 2 % 0

> CR2 (acute leukaemia) 38 (31%0
1 CP** (CML) 29 (23%)
>2CP(CML) 1 ( 1 %;)
Accelerated or blast phase (CML) 3 (2 %)
Active disease (malignant) 3 (2 %)
Other*** 36 (29%)

* Complete remission 
** Chronic phase
*** Non-malignant disease and malignancy other then leukaemia

Myeloid engraftment

Neutrophil engraftment (defined as a neutrophil count greater than 0.5 x 10^/L for at 

least two consecutive days) was analysed in this cohort. Recipients were assessed for 

engraftment if they survived beyond day 28 after infusion of the stem cells, therefore 

114 pairs were included in this analysis. Primary non-engraftment was rare with only 

4.4% (5/114) of recipients failing to achieve neutrophil engraftment. An analysis of 

association (Chi-squared test) failed to show a significant impact of the TNFA allele 

on this complication. In six recipients the date of engraftment is unknown, therefore 

excluding these from time dependant analysis. The median time to engraftment was 

20.5 days with a broad range (day 4 to 84).

The speed of engraftment was analysed as a time variable using Kaplan-Meier 

methods comparing recipients or donors who possessed the AG allele to those who 

did not. There was a significant delay in engraftment if either recipient (log rank;
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p=().03) or donor (log rank; p=().()2) possessed the AG allele. The rate o f  engraftment  

when both recipient and donor had a AG allele, neither had a AG allele or  only one of  

the pair had a AG allele (median day of  engraftment 22, 19 and 16 respectively) was 

a lso  analysed.  When both had a AG allele there was a s igni f icant  delay  in 

engraftment  (log rank; p=().006) (Figure 6.4). In fact, all nine recipients who took 

longer than 40 days to achieve neutrophil engraftment  possessed at least one  AG 

allele.

s
I  R a c i p e n t a n d c b n a r  n o  A G  ( r t S T )5

o

I E i t h e r  r e c i p e n l  a  d m  o r  h a s  A G  ( N = 5 )DS
d: I R e c i  p e n t  a n d  d m  a  h a v e  A G  ( h t 4 6 )

0
0 20 40 80 too60

D a y s  t o  E n g r a f l m m i

Figure h.4: TNP'A allele a fleet on niyehhd engraftment. I he rate of  engraftment is 
significantly slower when recipient and donor possess an A(1 allele

A Cox imdtivariate analysis,  including other factors which may affect neutrophil  

engra f tm en t  such as route of  donat ion,  post transplant  immuno sup pr es ion  and 

recipient  and dono r  pre- t ransplant  factors  (age,  parity,  C M V  serosta tus) ,  and 

matching status at I IL A -D P BI was performed. Recipient and donor  pairs having a 

AG allele remained significantly associated with a delay iti engraf tment  compared to 

those without a AG allele (Odds ratio; 0.24; p<0.00()l ; 95% Cl: 0 . 12; 0.47).
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Graft versus Host Disease

Data on acute graft versus host disease (aOvHD) were available on 94 of the 

transplant pairs who had myeloid engraftment. The incidence of aOvHD was 63%; 

grade I/II in 52 cases and grade III/IV in six (10%) cases, in one case the grade was 

unknown. There was no difference in incidence dependent on the presence of the AG 

allele in the transplant pairs (when both recipient and donor had a AG allele it was 

24/36, when neither had a AG allele, 32/53 and when only one of the pair had a AG 

allele, 3/5; chi-squared p=0.827). In addition, there was no significant difference in 

severity of aGvHD seen.

In 92 of the 97 patients who engrafted and remained alive at day 100 data were 

available on chronic GvHD. The incidence of cGvHD was 43%. There was no impact 

of the AG allele on this complication (when both recipient and donor had a AG allele 

it was 15/38, when neither had a AG allele, 23/49 and when only one of the pair had a 

AG allele, 2/5; log rank p=0.9453).

Overall Survival

The overall survival in this group, at the time of the study was 56% (mean follow -  

up time of 467 days; range 9 days to 1684 days). Those who failed to achieve 

engraftment had a worse outcome, although this was not significant at these low 

numbers. Of the five recipients who failed to achieve neutrophil engraftment, three 

(60%) died prior to day 1 0 0  due to transplant-related complication. Two recipients 

(CML in chronic phase) remain alive at the time of analysis, both of whom received 

infusions of autologous cells. One has since received a second transplant from a 

different unrelated donor. The second has relapsed but not received further infusions. 

In contrast, only II/I09  (10%) of those who achieved primary engraftment died prior 

to day 1 0 0 .
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A delay in engmll inent  greater than 30 days was associated with a worse outcome,  

although this does not reach statistical significance in this relatively small cohort  (57 

o f  89, 04% of  recipients alive who engrafted prior to day 30, compared to 7 of  14, 

50% of recipients who engrafted post day 30; p=0.27) (Figure 6.5).

1

E n g r a f t m m I  b e t c r e  0 3 0  ( I ' t 8 9 )

E n g r a f t m e n t  a f t e r  D  3 D  ( h t  1 4 )

10QÜ 2 D D 00

D a y s  t o  D e a t o

Figure 6.5: flic FITeci ol the speed of engrallmem on overall survival 

Cause o f Death

At the end of  the study period, there had been 55 deaths. 1 his was reported to be due 

to disease relapse in 18 cases,  G v H D  in five, infection in 16, HUS/TTP/V OD in five 

and “other causes" in I I cases. There was no difference,  dependant  on T N F A  type, 

on the cause of  death.

D iscussion

In doing this analysis I have set up a new assay for the typing of  T N F A  promoter 

polymorphisms,  by adapt ing an exist ing tissue typing technique (RSCA).  I have 

demonst rated  that RSCA is an efficient and specific method for typing the two
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polymorphisms of interest. It was shown that three of the possible four allele 

combinations occur in the patient/donor pairs with a frequency similar to that 

previously documented in the literature (Middleton, et al 1998, Wilson, et al 1992). 

Certain associations between HLA and TNFA alleles have been reported in the 

literature. For example an ‘A ’ at TNFA position -308 has been found to be strongly 

associated with the HLA-A 1 -B 8  -DRB 1*03 haplotype (Wilson, et al 1993). This 

association could be confirmed in this highly selected group of patients. However, 

rather than looking at the evidence for LD across the entire extended haplotype, the 

analysis was restricted to investigating the LD between HLA-B and TNFA. These 

two genes lie only 250 kb apart and hence there is much greater likelihood that there 

will be strong LD between them, which may break down at more distant points.

These results show evidence of strong LD between the less common TNFA alleles 

and HLA-B. However, there is also evidence that recombination has occurred in this 

region. Six percent of transplant pairs matched for their HLA-A, -B, -C, -DRBl and 

-DQBl loci were found to be mismatched at their TNFA genes. This recombination 

may represent a small area (restricted to the TNFA allele), or a larger region 

involving more genes in the MHC class III region of chromosome 6 .

Thus, as is the case in HLA, certain alleles may be predicted to be found together 

with a degree of certainty (depending on the alleles in question), but in rare cases a 

different allele will be found. For example: whereas an individual with HLA-B*4402 

may be as likely to have the AG allele as the GG allele for TNFA, an individual 

having an HLA-B*0801 allele is highly likely to have the AG TNFA allele, but on 

occasion, a different allele may be found.

From the literature, there is good evidence to suggest that the AG allele is associated 

with an increase in the level of TNFa in vivo (Abraham, et al 1993, Juszczynski, et al 

2 0 0 2 ) and that this is, in turn, associated with increased transplant complications. 

Recipients homozygous for the ‘A’ in position -308 (i.e. the AG allele) have been 

found to have higher TNFa levels during conditioning, compared to those patients
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who are heterozygous or possess only the common (GG) allele (Nordlander, et al 

2002), Likewise, raised TNFa levels have been associated with a decrease in 

engraftment (Nagler, et al 1995) and an increase in both aGvHD and TRM 

(Dickinson, et al 1994, Holler, et al 1997). Studies previously reported in the 

literature have considered the impact of the polymorphism at position -308 on 

transplant complications and outcome. The presence of an ‘A’ in this position (i.e. the 

AG allele) was associated with transplant complications in some studies (Bogunia- 

Kubik, et al 2003, Mayer, et al 1996, Takahashi, et al 2000) but not in others (Keen, 

et al 2004, Middleton, et al 1998, Nordlander, et al 2002). There are a number of 

differences between these studies, including donor type, GvHD prophylaxis and 

resolution of HLA typing, which may account for the varying results seen. No study 

to date has investigated the incidence or speed of myeloid engraftment in conjunction 

with these recipient or donor genetic polymorphisms.

In this transplant cohort I have shown a significant delay in engraftment in recipients 

and donors who have an AG allele. It may be postulated that the reason for these 

effects on engraftment are related to the supranormal levels of TNFa in these 

recipients, and hence an exaggeration of the physiological effects which TNFa 

exhibits. TNFa is known to suppress proliferation of early and late haematopoietic 

progenitors and to suppress haematopoiesis by induction of apoptosis (Selleri, et al 

1995) as well as by indirect means. TNFa has been described to initiate apoptosis by 

the induction and binding of Fas receptors on CD34^ progenitor cells (Maciejewski, 

et al 1995, Sato, et al 1997). It acts on stromal cells and also mediates the release of 

additional cytokines which may be implicated in the suppression of haematopoiesis 

(Means, et al 1990). In addition, it suppresses the colony growth of CFU-GM 

(Broxmeyer, et al 1986), and it is suggested that these effects are more likely at high 

concentrations of the cytokine (Gordon and Sosman 2000, Papadakis, et al 1995).

In this study failure to engraft and delayed engraftment were associated with a poorer 

outcome (though not significant at these numbers). Contrary to the findings of some 

previous studies, there was no impact due to the TNFA allele on the incidence or
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severity of aGvHD or of transplant related mortality in this cohort. The likely 

explanation for this is the extensive use of T cell depletion (most often with 

CAMPATH antibodies) which has led to a very low incidence of clinically severe 

aGvHD. In a large proportion of cases CAMPATH was given in-vivo resulting in 

TCD of both the host and the incoming graft. Thus, although the ‘first phase’ in 

aGvHD pathogenesis occurs (cytokine production due to chemoradiotherapy), the 

second phase, mediated by donor T (immune) cells may be, at least, reduced if not 

completely abrogated. This may also explain the lack of correlation in this study of 

these alleles and TRM. Therefore, these findings may not be directly comparable to 

studies using T cell replete protocols.

The knowledge of factors effecting transplant complications are important in decision 

making in transplantation. A perspective of a recent large study reporting on the 

impact of IL-10 polymorphisms in the sibling donor setting (Cooke and Ferrara 

2003, Lin, et al 2003), suggests that decisions on the timing of transplantation can be 

based on the knowledge of the polymorphism present. Taking into account 

information based on the TNFA allele present prior to transplantation, the transplant 

physician may be better able to counsel the recipient appropriately about issues such 

as likely complications and length of hospital stay. It may also be possible to alter the 

transplant regimen consequent on this knowledge, for example avoiding other factors 

known to delay engraftment such as methotrexate (Atkinson, et al 1983). Alternately 

it may be possible to alter the post-transplant protocol, for example by the early 

administration of cytokines such as G-CSF/ GM-CSF, or the use of anti-TNFa 

antibodies.

Further and larger clinical studies are required to investigate these interesting 

findings. It is logical that certain cytokine polymorphisms will be in LD with others. 

In addition, some polymorphisms appear to be codependent (Hutchinson, et al 1998) 

or additive (Keen, et al 2004, Middleton, et al 1998) in their impact on outcome. It 

would be sensible to combine the analysis of a large number of cytokine 

polymorphisms (as well as functional assays such as the skin explant assay
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(Dickinson, et al 2001, Vogelsang, et al 1985)) in a single unrelated donor transplant 

cohort where the relative effects could be taken into account.
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Chapter 7: Conclusions and Recommendations 

Conclusions

Haematopoietic Stem Cell Transplantation (HSCT), using unrelated donors, is now a 

common modality of treatment for individuals with a variety of different diseases. 

Despite many years of experience, and obvious improvements in outcome, there 

remain numerous unresolved issues. One of the reasons for this is likely to be the 

highly complex nature of this treatment modality and the many aspects which have to 

be considered which may affect outcome. These may be patient specific (e.g. age, 

gender, performance status); donor specific (e.g. genetic disparity, gender) or 

treatment specific (e. g. conditioning regimen, GvHD prophylaxis).

Genetic disparity, in particular at the HLA loci, between patient and donor is a critical 

factor influencing transplantation outcome. Despite the years of study and many 

papers published in this area, the advice has often been conflicting and clear 

strategies for donor choice have not been available. One of the reasons for this is the 

enormous diversity of the HLA system. Comprehensive efforts by the HLA 

community have developed nomenclature and tissue typing techniques which, more 

recently, have allowed standardisation of the interpretation of results from transplant 

studies.

When this thesis began, in 2000, there were only two papers published concerning the 

importance of high resolution tissue typing (at 1 0 / 1 0  alleles) on transplantation 

outcome using unrelated donors. The results of these studies appeared contradictory 

and possibly limited to the particular population studied. There was extremely limited 

information on the impact of the sixth polymorphic HLA locus, DPBl, on the 

outcome of UD HSCT. In addition, the function of this molecule (as related to the 

rest of the HLA) was unclear.
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The results of this thesis now contribute to a growing bulk of knowledge, and a 

consensus view, of the impact of HLA matching in UD HSCT. This has been 

facilitated not only by publishing the results I have obtained, but also through 

collaborations on a global scale, which I have been able to contribute to both in data 

and analysis.

In a number of ways, however, the results presented in this thesis remain unique.

The practice of UD HSCT in the UK differs from that in other countries in a number 

of ways. Most striking is the near universal use of CAMPATH as a T cell depleting 

agent in these transplants. Thus, the data presented here represents a comprehensive 

analysis of the effects of CAMPATH in a large number of UD transplants which has 

not been presented before. This is extremely useful for the UK transplant experience, 

not only to inform practice, but also in the understanding of the function of T (and 

other immune) cells in transplantation.

This study presents the largest analysis of the impact of DPBl to date. A novel 

finding is that DPBl matching has an impact on relapse. This is evident not only in 

pairs who are matched for the other five HLA molecules, but also in those pairs who 

may be mismatched at other alleles. This highly significant effect does not appear to 

be associated with any other HLA molecules and suggests that the function of DPBl 

may differ from that of the other alleles in some way.

Two strategies were undertaken in an attempt to better understand DPBl function: 

First, an analysis of the epitope matching pattern in DPBl. This shows that while 

matching for certain epitopes protects from TRM (and thus improves overall 

survival), there is no impact of epitope mismatching on relapse rate. This suggests 

that the GvL effect is not mediated at an epitope level. Conversely, differences at the 

epitope level may influence the peptide which is bound and impact on outcome in 

that way. Second, a functional assay was developed to investigate DPBl further. This 

showed that there was production of IFNy by DPBl specific cells. Experiments using
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this assay should now be extended to include other cytokines and examine individual 

subsets of cells in the immune system.

Cytokines are essential factors of the immune system and alterations in their levels is 

shown to have an impact on transplant complications. In this study an assay for 

typing certain TNFA polymorphisms was developed. These polymorphisms were 

shown to be in LD with HLA alleles and also to impact on certain transplant 

outcomes.

Recommendations

On the basis of the findings in this study it is possible to make a number of 

recommendations concerning the choice of an unrelated donor. These have been 

divided into three areas: HLA (10/10) matching, DPBl matching and donor factors 

other than HLA.

The recommendations given here need to be seen in the context of this particular 

study and any limitations inherent in it. This was a retrospective study which covers a 

time period of eight years. Over this time transplant practice has changed, tissue 

typing practice has changed and donor selection procedures have changed. The 

number of well matched pairs in this study is greater than that of any other study 

(67% were 10/10 matched compared to 47% in the FHCRC study and 44% in the 

JMDP study), and there are very few pairs with either Class II mismatches alone or 

Class I and II mismatches. In some cases this precludes firm conclusions about these 

groups. It is not possible to compare the relative importance of certain factors against 

each other (for example a Class I compared to a Class II match) as they are not 

equally represented in the group.
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HLA (10/10) matching

• Mismatching for more than one allele results in a significantly worse OS.

• A mismatch for one allele appears to be tolerated. This is evident in the long 

term overall survival of the group. However, those with a single allele 

mismatch do have a worse OS during the first two or three years after 

transplant, due to an increase in TRM. It is only at about 2.5 years that the 

curves intersect.

All of the effects of HLA overall are due mostly to the Class I effect in view of the

low number of Class II mismatches present.

Class I and Class II mismatched pairs

• Despite the low number of pairs receiving such a graft, it is clear that this 

situation is to be avoided due to significant increases in severe aGvHD and 

TRM and consequent worse OS.

Class I mismatches

The data suggests the following with regards to mismatches at individual loci:

• HLA-A mismatches may be tolerated

• HLA-C mismatches may be tolerated with regards to OS, however they are 

associated with an increase in any form of GvHD. Unfortunately it is 

currently not possible to predict on the basis of the individual mismatch 

whether GvHD will be mild or severe.

• KIR ligand mismatches (presumed) -  the data from this study suggest that 

mismatches in the GVH direction are associated with a significantly worse OS 

due mostly due to increased TRM. These are to be avoided if possible.

• HLA-B mismatches are associated with a significantly worse OS in this study 

and should be avoided.

• In summary, if a Class I mismatch is unavoidable, an A mismatch should be 

chosen first, next a C mismatch (if there is no KIR ligand incompatibility in 

the GvH direction), last a B mismatch or a C with a KIR GvH mismatch.
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In this cohort, there was no evidence overall to suggest that allelic mismatches have a 

superior outcome to antigenic mismatches. Although there are certainly examples of 

patients who received a mismatched graft who are alive and complication free, there 

was no suggestion in this study that specific mismatches at Class I were ‘permissive’.

HLA-DPBl matching

The impact of DPBl matching should not have been affected by the retrospective 

nature of this study as DPBl was not typed (or matched for) pre-transplant and in 

addition is not associated with matching for other HLA types which were selected for 

pre-transplantation.

• All patients and donors should be DPB1 typed prior to transplant

• A DPBl incompatible donor should be chosen above a compatible donor, due 

to the associated decrease in disease relapse, irrespective of the matching 

status for the other HLA alleles. This is particularly relevant in diseases such 

as CML (where a very high relapse rate is already expected) and ALL (where 

there is little chance to salvage patients after relapse). In ALL, matching for 

DPBl is an individual risk factor for worse OS.

• If possible when selecting a DPBl mismatched donor, those with mismatches 

as HVR D, amino acid position 65 or 57 are to be avoided due to an increase 

in TRM and worse OS.

These data suggest that ‘permissive mismatches’ for DPBl may exist.

Donor factors other than HLA

HLA remains the most important donor factor impacting on transplant outcome.

In this cohort it was possible to show that there is an ‘unfavourable’ donor i.e. female 

donors were more likely to be CMV positive and CMV positive donors were likely to 

be older. Most striking, HLA mismatched donors were more likely to be female, 

older and CMV positive. These findings reflect the fact that in many cases there is no 

choice of donor available.
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• In multivariate analysis, the only donor factor which was significant overall 

was the increase in non-engraftment when using a female donor. This results 

in worse OS particularly in those diseases with a high rate of non-engraftment 

(CML and non-malignant disease). Female donors should be avoided if 

possible in these cases.

In summary

Overall, no individual genetic factor was found to be one hundred percent predictive 

for a particular transplant outcome. It is highly likely that there is an interplay 

between HLA alleles, cytokine polymorphisms and clinical factors which determine 

the outcome in an individual transplant, and which are not necessarily translatable to 

a different individual. Thus the best donor (and treatment strategy) for each patient 

needs to be considered in the context of that patient’s disease and risk category.
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Appendix 1: UK Transplant and Harvest centres

UK Transplant centres

Addenbrooke's Hospital 
Birmingham Children’s Hospital 
Birmingham Heartlands Hospital 
Bristol Royal Hospital for Sick Children 
Christie Hospital
Glasgow Royal Infirmary for Sick Children
Glasgow Royal Infirmary
Great Ormond Street Hospital
Hammersmith Hospital
John Radcliffe Hospital
King's College Hospital
Leicester Royal Infirmary
Manchester Royal Infirmary
Newcastle General Hospital
Nottingham City Hospital
Our Lady's Hospital for Sick Children
Poole Hospital
Queen Elizabeth Hospital
Royal Bournemouth Hospital
Royal Free Hospital
Royal Liverpool Children's Hospital (Alderhey)
Royal Liverpool and Broadgreen University Hospital
Royal Manchester Children's Hospital
Royal Victoria Infirmary
Sheffield Children's Hospital
Royal London Hospital
Royal Marsden Hospital
St George's Hospital Medical School
St James' University Hospital
University College Hospital
University Hospital of Wales

UK Harvest centres

London Clinic 
Royal Free Hospital 
University College Hospital
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Appendix 2; Information sheets and informed consent

Patient/donor project 
ELIS pot project
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Version 4 
Bes030402

To: Potential bone marrow donors and recipients
From: Dr J Alejandro Madrigal 

Research Director 
Anthony Nolan Research Institute 
020 7284 8322/4 (phone)

Information Sheet and Consent Form

Re: Analysis of genetic factors effecting outcome in unrelated haematopoietic stem 
cell transplants

At the Anthony Nolan Research Institute (ANRI) we are undertaking a research study 
which we would like you to consider joining. Before deciding please read the 
following information carefully and ask any questions which you may have.

This study is investigating the importance of HLA matching (tissue typing) in 
unrelated stem cell transplants. We are also investigating other genetic factors which 
have been shown to influence the outcome of unrelated transplants. Recent advances 
in typing methods have made it possible to obtain very specific tissue types, but this 
in turn makes it even more difficult to find a “perfectly” matched donor. As you will 
be well aware, this is already a very difficult task and often only a partially matched 
donor is available. Many transplants done in these circumstances though, have very 
successful outcomes, leading us to suspect that some ‘mismatches’ may be 
acceptable, while others may be associated with increased complications.

The purpose of this study is firstly to use all available techniques to obtain genetic 
information (e.g. tissue types, cytokine gene polymorphisms) in the patient/donor 
pairs, and secondly, by following the outcome of transplant to correlate specific 
mismatches with a successful transplant outcome. Although this research will not 
directly alter the results in this transplant it is hoped that in the future this will enable 
us to advise which donor should be chosen in the event that no fully matched donor is 
available, but where there is a choice of partially matched donors.

We are asking all Anthony Nolan Trust donors and all patients who receive stem cells 
from an Anthony Nolan Trust donor to consider joining this research project. 
However, should you choose not to join, this will not affect your treatment/ donation 
in any way. All that will be required from you will be a blood sample.

The DNA extracted from this sample will only be used for matching studies in our 
laboratory (i.e. only looking at factors to do with outcome in haematopoietic stem cell 
transplants). It will be stored within the Research Institute, with a unique coding 
number for the duration of the study (i.e. only the researchers will be able to link the 
sample to the person who provided it). After the study is completed we would like to
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store the donor/patient sample pairs in an anonymised form (i.e. the details cannot be
traced back to an individual person). The purpose of this is to enable us to test these
samples for any genetic factors related to stem cell transplantation which may be 
discovered in years to come. These samples will be owned by the Anthony Nolan 
Research Institute.

To: Potential bone marrow donors and recipients

From: Dr J Alejandro Madrigal 
Research Director 
Anthony Nolan Research Institute 
020 7284 8322/4 (phone)

Consent Form

Analvsis of genetic factors effecting outcome in unrelated stem cell transplants

1. I have read the information sheet and understand the details of the study. 
I have had an opportunity to ask any questions and have received 
satisfactory answers.

2. I understand that my participation is voluntary, and if I chose not to 
provide a blood sample my treatment/ donation will not be affected 
in any way.

3. I agree to take part in the above study by providing a blood sample

4. I agree that my blood sample can be retained after the study 
completes (in an anonymised form)

Health Care Witness Patient or Bone Marrow Donor

Signed..........................  Signed................................

Name...........................  Name.................................

Position........................  Hospital..............................
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To: Potential bone marrow donors
From: Dr J Alejandro Madrigal 

Research Director 
Anthony Nolan Research Institute 
020 7284 8322/4 (phone)

Information Sheet and Consent Form

Re: Analvsis of genetic factors effecting outcome in unrelated haematopoietic stem 
cell transplants

At the Anthony Nolan Research Institute (ANRI) we are undertaking a research study 
which we would like you to consider joining. Before deciding please read the 
following information carefully and ask any questions which you may have.

This study is investigating the importance of HLA matching (tissue typing) in 
unrelated stem cell transplants. We are also investigating other genetic factors which 
have been shown to influence the outcome of unrelated transplants. Recent advances 
in typing methods have made it possible to obtain very specific tissue types, but this 
in turn makes it even more difficult to find a “perfectly” matched donor. As you will 
be well aware, this is already a very difficult task and often only a partially matched 
donor is available. Many transplants done in these circumstances though, have very 
successful outcomes, leading us to suspect that some ‘mismatches’ may be 
acceptable, while others may be associated with increased complications.

The purpose of this study is to look at specific reactions in the blood of people with 
very similar (but different) tissue types. We hope that this will help us, in the future, 
to advise which donor should be chosen in the event that no fully matched donor is 
available, but where there is a choice of partially matched donors.

All that will be required from you will be a blood sample.

The DNA extracted from this sample will only be used for matching studies in our 
laboratory (i.e. only looking at factors to do with outcome in haematopoietic stem cell 
transplants). It will be stored within the Research Institute, with a unique coding 
number for the duration of the study (i.e. only the researchers will be able to link the 
sample to the person who provided it). After the study is completed we would like to 
store the donor/patient sample pairs in an anonymised form (i.e. the details cannot be 
traced back to an individual person). The purpose of this is to enable us to test these 
samples for any genetic factors related to stem cell transplantation which may be 
discovered in years to come. These samples will be owned by the Anthony Nolan 
Research Institute.
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To; Potential bone marrow donors

Contact: Dr Bronwen Shaw
Research Scientist 
Anthony Nolan Research Institute 
020 7284 8322/4 (phone) 
bshaw@hgmp.mrc.ac.uk (email)

Consent Form

Analysis of genetic factors effecting outcome in unrelated stem cell transplants

4. I have read the information sheet and understand the details of the study.
I have had an opportunity to ask any questions and have received 
satisfactory answers.

5. I understand that my participation is voluntary, and if I chose not to
provide a blood sample my position on the register will not be affected 
in any way.

6 . I agree to take part in the above study by providing a blood sample

4. I agree that my blood sample can be retained after the study 
completes (in an anonymised form)

Witness Bone Marrow Donor

Signed..........................  Signed..........................

Name...........................  Name...........................

Position........................  Date..............................
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Appendix 3: Clinical follow up forms

Six week form 
Three month form 
Annual form
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Six week request for clinical data

Recipient’s last name: R ecipient‘s first name(s):

Transplant Centre: Hub:

Physician Primary Diagnosis:

Transplant date(s): Recipient’s gender: □  M □  F Recipient’s date of birth:

Recipient’s local reference: ANBMT patient reference: ANBMT donor reference:

1. What was the disease status at the time of transplant?

2. Was the protocol used for: r~l full myelo-ablative transplant?

r~l “mini” non-myeloablative transplant?

3. Was the product T-cell depleted ? □ YES □  NO

4. Did the stem cells engraft ? □ YES □  NO

Date of engraftment : / /
5. Is this the recipient’s first haematopoietic stem cell transplant? □  YES □  NO

If no, please state the type of previous transplant(s): □  Autologous □  Allogeneic

6. Please complete the following information for any event which has taken place since the transplant:

(i) Acute GvHD □ YES □  NO

Grade:

(ii) Relapse or progression □ YES □  NO

(iii) Secondary malignancy □ YES □  NO

(iv) Infection □ YES □  NO

Details:

(v) Discharge □ YES □  NO
If yes, date of last discharge: / /

(vi) Re-admission □ YES □  NO
If yes, date of last re-admission: / /

(vii) Death □  YES □  NO
If yes, date of death month year

Primary cause o f  death', (tick one) r~l Infection

r~l Relapse or progression □  VOD

Transplant related cause: □  EBV PTLD

□  GvHD □  Other

r~1 Rejection/poor graft function

r~l Pulmonary toxicity

r~l Cardiac Toxicity □  Unknown

Form completed by: Date:

Position:
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Three month request for clinical data

Recipient’s last name: R ecipient‘s first name(s):

Transplant Centre: Hub:

Physician Primary Diagnosis:

Transplant date(s): Recipient’s gender: □  M □  F Recipient’s date of birth:

Recipient’s local reference: ANBMT patient reference: ANBMT donor reference:

Date of most recent clinical follow up: Date of previous clinical follow  up:

1. Patient status at most recent clinical follow up: complete remission □  relapse □

2. Please complete the following information for any event which has taken place since the transplant:

(i) Acute GvHD: □  YES □  NO

If ves Grade

(ii) Chronic GvHD: □  YES □  NO

If yes : Limited □  Extensive □

(iii) Relapse or progression: □  YES □  NO

(iv) Infection: l~~] YES □  NO

Details:

(v) Secondary malignancy: □ YES □  NO

Details:

(vi) Current status: Hospitalised □  Outpatient: □
If hospitalised, date of last re-admission: / /

(vii) Further haematopoietic stem cell infusion: □  YES □  NO

If yes, please specify source (autologous/otherwise):

Further lymphocyte infusion: □  YES □  NO

If yes, please specify source (autologous/otherwise):

(viii) Death: □  YES □  NO

If yes, date of death / /
If applicable -  Pnma/y cause o f death: (tick one) 1 1 Infection

l~l Relapse or progression □  VOD

Transplant related cause: □  EBV PTLD

□  GvHD □  Other

□  Rejection/poor graft function

r~l Pulmonary toxicity

Q  Cardiac Toxicity □  Unknown

Comments:

Form Completed by:

Position: Date:
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Annual request for clinical data

Recipient’s last name: R ecipient's first name(s):

Transplant Centre: Hub:

Physician Primary Diagnosis:

Transplant date(s): Recipient’s gender: Q  M □  F Recipient’s date of birth:

Recipient’s local reference: ANBMT patient reference: ANBM T donor reference:

Date of most recent clinical follow up: Date of previous clinical follow  up:

1. Patient status at most recent clinical follow up: complete remission □  relapse □

Please state Karnofsky/Lansky rating:

2. Please complete the following information for any event which has taken place since the transplant:

(i) Chronic GvHD: □ YES □ NO

If yes : Limited □ Extensive □

(iv) Relapse or progression: □ YES □ NO

(viii) Infection: □ YES □ NO

Details:

(ix) Secondary malignancy: □ YES □ NO

Details:

(x) Current status: Hospitalised □ Outpatient: □

If hospitalised, date of last re-admission: / /

(xi) Further haematopoietic stem cell infusion: □  YES Q N O

If yes, please specify source (autologous/otherwise):

Further lymphocyte infusion: □ Y E S  □  NO

If yes, please specify source (autologous/otherwise):

(ix) Death: □ YES □  NO

If yes, date of death / /
day month year

Primary cause o f death : (tick one) □ Infection

r~l Relapse or progression □ VOD

Transplant related cause: □ EBV PTLD

□  GvHD □ Other

f~1 Rejection/poor graft function

□  Pulmonary toxicity

□  Cardiac Toxicity □ Unknown

Comments:

Form completed by: Date:
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Appendix 4: Missing data in the large study cohort (423 pairs)

In a total of 51 pairs (12%), one or more data variable was missing, as follows:

Donor parity -  5 cases

Recipient CMV status -  14 cases (+ 1 case equivocal)

Engraftment -  in 3 cases it was unknown if neutrophil engraftment was achieved, 

and in a further 19 cases the date of neutrophil engraftment was unknown.

Acute GvHD -  in 21 cases data concerning this outcome were unknown.

Chronic GvHD -  in 5 cases data concerning this outcome were unknown.

Disease Relapse -  in 3 cases data concerning this outcome were unknown.

Stage of disease -  in 6 cases these data were missing.

Intensity of transplant -  in 28 cases these data were missing.

T cell depletion - in 31 cases these data were missing.

GvHD Prophylaxis (excluding TCD) -  in 42 cases these data were missing.

The largest single variable on which data were missing concerned the use of post

transplant immunosuppression/GvHD prophylaxis. This data was absent in 9.9% of 

the pairs. Thus at the time of analysis, the dataset was complete in 90% or above 

cases for all data variables.
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Appendix 5; HLA typing data in 423 pairs (HLA-A, -B, -C, 
-DRBl, -DQBl, -DPBl)
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P/D Fair ID HLA-A HLA C H LA B HLA DRBl HLA-DOBI HLA-DPBI
1 P 2902 3001 0602 0602 1302 4501 0401 0701 0 201 /02 0301 0201 0201

D 2902 3001 0602 0602 1302 4501 0401 0701 0 2 0 1 /0 2 0301 0401 1701
2 P 0217 2402 0304 0602 4001 5701 0701 1302 0303 0604 0301 0401

D 0217 2402 0304 0602 4001 5701 0701 1302 0303 0604 0201 0401
3 P 0101 0201 /09 0702 0702 0702 0702 1302 1501 0602 0604 0401 0601

D 0101 0201 /09 0702 0702 0702 0702 1302 1501 0602 0604 0301 0401
4 P 3001 3301 0602 0802 1302 1402 0102 1501 0501 0602 0401 0402

D 3201 3301 0602 0802 1302 1402 0102 1501 0501 0602 0201 0301
5 P 0101 0101 0602 0701 /06 0801 5701 0301 0701 0 2 01 /02 0303 0401 1301

D 0101 0101 0602 0701 /06 0801 5701 0301 0701 02 0 1 /0 2 0303 0402 2001
6 P 0101 2902 0701/06 1601 0801 4403 0301 0701 02 0 1 /0 2 0 2 01 /02 0401 1101

D 0101 2902 0 7 01 /06 1601 0801 4403 0301 0701 0 2 0 1 /0 2 0 2 01 /02 0401 1101
7 P 0 2 01 /09 2902 0802 1601 1401 4403 0701 0701 0 201 /02 0 2 01 /02 0401 1101

D 0 2 01 /09 2902 0802 1601 1401 4403 0701 0701 02 0 1 /0 2 0 2 0 1 /0 2 0301 0401
8 P 0101 0101 0602 0602 5701 5701 0701 0701 0303 0303 0401 0401

D 0101 0101 0602 0602 5701 5701 0701 0701 0303 0303 0401 0401
9 P 0101 2601 0701 /06 0802 0801 1401 0301 0701 02 0 1 /0 2 0 201 /02 0402 0402

D 0101 2601 0701 /06 0802 0801 1401 0301 0701 02 0 1 /0 2 0 201 /02 0101 0201
10 P 0301 2402 0304 0401 1501 3503 0101 1301 0501 0603 0201 1101

D 0301 2402 0303 0401 1501 3503 0101 1301 0501 0603 1301 1901
11 P 0 2 01 /09 0 2 01 /09 0304 0501 4001 4402 0101 0401 0301 0501 2301 2801

D 0 2 0 1 /0 9 0 2 01 /09 0304 0501 4001 4402 0101 0401 0301 0501 2301 2301
12 P 0 2 01 /09 0301 0401 0702 0702 3501 0101 1101 0301 0501 0401 2301

D 0 2 01 /09 0301 0401 1505 0705 3501 0101 1101 0301 0501 0401 2301
13 P 0101 0 2 01 /09 0202 0701 /06 1801 2705 0101 1301 0501 0603 1301 3801

D 0101 0 2 01 /09 0202 1203 1801 2705 0101 1301 0501 0603 1701 2301
14 P 0101 6801 0 7 01 /06 1402 0801 5101 0301 0701 02 0 1 /0 2 02 0 1 /0 2 0601 1401

D 0101 6801 0 7 01 /06 1502 0801 5101 0301 0701 0 2 0 1 /0 2 0 201 /02 0401 1101
15 P 0 2 01 /09 2501 0501 1203 1801 4402 0301 0401 02 0 1 /0 2 0301 0401 0402

D 0 2 01 /09 2501 0501 1203 1801 4402 0301 0401 0 2 0 1 /0 2 0301 0401 0402
16 P 0 2 01 /09 2402 0501 0202 1402 4402 0102 0401 0301 0501 0401 1701

D 0 2 01 /09 2402 0501 0802 1402 4402 0102 0401 0301 0501 0201 0401
17 P 0 2 01 /09 1101 0401 0704 4402 5101 0402 1301 0302 0603 0301 0401

D 0 2 01 /09 1101 0401 0202 4001 5101 0402 1301 0302 0603 0301 0401
18 P 0 2 01 /09 0301 0501 0702 0702 4402 0401 1501 0301 0602 0401 1401

D 0 2 01 /09 0301 0501 0702 0702 4402 0401 1501 0301 0602 0401 1901
19 P 0 2 01 /09 2402 0501 0702 0702 4402 0901 1501 0303 0602 0301 0401

D 0 201 /09 2402 0501 0702 0702 4402 0901 1501 0303 0602 0301 0401
20 P 0 201 /09 0201 /09 0702 0702 0702 0702 0407 1501 0301 0602 0201 0401

D 0 2 0 1 /0 9 0 2 01 /09 0702 0702 0702 0702 0407 1501 0301 0602 0401 0401
21 P 6901 2402 0401 0802 1402 3508 0403 0701 0 2 0 1 /0 2 0302 0201 0401

D 0 2 01 /09 2402 0401 0802 1402 3508 0403 0701 0 2 0 1 /0 2 0302 0201 0201
22 P 1101 1101 0102 0702 0702 4402 0401 1501 0301 0602 0401 0401

D 1101 1101 0501 0702 0702 4402 0401 1501 0301 0602 0401 0401
23 P 3101 6801 0 7 01 /06 0701/06 0801 1801 0301 0404 0 2 01 /02 0302 0401 2801

D 0101 6801 0501 0701 /06 0801 1801 0301 0404 0 2 0 1 /0 2 0302 0401 0401
24 P 0 2 01 /09 0301 0401 0501 3503 4402 0101 0401 0301 0501 0401 0402

D 0 2 01 /09 0301 0401 0501 3503 4402 0101 0401 0301 0501 0401 0402
25 P 0101 0201 /09 0401 0501 3503 4402 0101 1501 0501 0602 0401 0402

D 0101 0 2 01 /09 0401 0501 3503 4402 0101 1501 0501 0602 0401 0402
26 P 0101 0301 0602 1601 4403 5701 0701 0701 02 0 1 /0 2 0303 0101 0301

D 0101 0301 0602 1601 4403 5701 0701 0701 02 0 1 /0 2 0303 0201 0201
27 P 0101 0101 0 7 01 /06 0701 /06 0801 0801 0301 0701 02 0 1 /0 2 0303 0101 1101

D 0101 0101 0 7 01 /06 0701 /06 0801 0801 0301 0701 0 2 0 1 /0 2 0303 0101 0101
28 P 02 0 1 /0 9 2301 0501 1203 3801 4402 0401 1301 0301 0603 0401 2101

D 02 0 1 /0 9 2301 0501 1203 3801 4402 0401 1301 0301 0603 0401 2101
29 P 0101 0201 /09 0701 /06 0702 0702 0801 0101 0301 02 0 1 /0 2 0501 0401 0401

D 0101 0 2 01 /09 0 7 01 /06 0702 0702 0801 0101 0301 0 2 0 1 /0 2 0501 0101 0601
30 P 0 2 01 /09 0 2 01 /09 0304 0702 0702 1501 0301 1501 0 2 0 1 /0 2 0602 1301 2001

D 0 2 01 /09 0 2 01 /09 0304 0702 0702 1501 0301 1501 0 2 0 1 /0 2 0602 0301 0401
31 P 0301 1101 0702 1502 0702 5101 0701 1501 02 0 1 /0 2 0602 0201 0401

D 0301 1101 0702 1502 0702 5101 0701 1501 0 2 0 1 /0 2 0602 0401 4601
32 P 0101 0 2 01 /09 0304 0801 1401 4001 0701 1302 02 0 1 /0 2 0604 0301 0401

D 0101 0 2 01 /09 0304 0801 1401 4001 0701 1302 0 2 0 1 /0 2 0604 0402 1401
33 P 0 2 01 /09 1101 0401 0501 3501 4402 0407 1301 0301 0603 0301 1501

D 0 2 01 /09 1101 0401 0501 3501 4402 0407 1301 0301 0603 0301 1001
34 P 0 2 01 /09 6801 0304 0401 3503 4001 0401 0801 0301 0302 0201 0401

D 0 2 01 /09 0 2 01 /09 0304 0401 3503 4001 0401 0801 0301 0302 0201 0401
35 P 0102 0201 /09 0501 0602 4402 5001 0401 0701 0 2 01 /02 0301 0301 0401

D 0101 0 2 01 /09 0501 0602 4402 5001 0401 0701 0 2 0 1 /0 2 0301 0301 0401
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P/D Pair ID HLA A HLA-C H LA B HLA-DRBI HLA DQBl HLA-DPBI
36 P 0102 2402 0401 0701/06 0801 4403 0301 0701 0201 /02 0201 /02 0301 0401

D 0102 2402 1601 0701 /06 0801 4403 0301 0701 0 201 /02 0201/02 0401 0601
37 P 0 201 /09 2402 0702 0702 0702 3906 0404 0801 0302 0402 0401 1001

D 0 201 /09 2402 0702 0702 0702 3906 0404 0801 0302 0402 0402 0402
38 P 0 201 /09 0201 /09 0501 0 701/06 4402 4901 0101 0401 0301 0504 0301 0401

D 0 201 /09 0 201 /09 0501 0 701/06 4402 4901 0101 0401 0301 0504 0401 0401
39 P 0101 2501 0501 0501 4402 4402 0101 0401 0302 0501 0301 2001

D 0101 2501 0501 0501 4402 4402 0101 0401 0302 0501 0401 0401
40 P 2301 2301 0401 0701/06 4403 4901 0701 1101 0201 /02 0301 0301 0401

D 2301 2301 1601 0701 /06 4403 4901 0701 1101 0201 /02 0301 0401 1101
41 P 0101 2902 0702 1601 0801 4403 0301 0701 0201 /02 0201/02 0101 0202

D 0101 2902 0702 1601 0801 4403 0301 0701 0 2 01 /02 0201/02 0401 1101
42 P 2402 3201 0401 1602 3503 5101 1101 1501 0301 0602 0401 0401

D 2402 3201 0401 1602 3503 5101 1101 1501 0301 0602 0401 1701
43 P 0101 6801 0401 0701 /06 0801 3503 0301 0401 0201 /02 0301 0401 0401

D 0101 6801 0401 0701 /06 0801 3503 0301 0401 0 201 /02 0302 0402 1401
44 P 0301 3201 0501 0702 0702 4402 0101 1101 0301 0501 1701 2701

D 0301 3201 0501 0702 0702 4402 0101 1101 0301 0501 0401 1701
45 P 0101 0201 /09 0102 0701/06 0801 5601 0101 0301 0201 /02 0501 0201 0402

D 0101 0 2 01 /09 0102 0701 /06 0801 5601 0101 0301 0201 /02 0501 0402 0402
46 P 0201 /09 0 201 /09 0304 0304 1501 4001 0101 0801 0402 0501 0401 0402

D 0201 /09 0 201 /09 0304 0401 1501 4001 0101 0801 0402 0501 0201 0201
47 P 0201 /09 0201 /09 0304 0501 1530 4402 0401 0401 0301 0302 0401 2001

D 0 2 01 /09 0 201 /09 0304 0501 1530 4402 0401 0401 0301 0302 0201 0401
48 P 3001 6802 0602 0802 1302 1402 0701 1303 0201 /02 0301 1401 2101

D 3001 6802 0602 0802 1302 1402 0701 1303 0201 /02 0301 1401 2101
49 P 0 2 01 /09 0201 /09 0602 1502 1302 5101 0401 1101 0301 0302 0401 0401

D 0 2 01 /09 0 2 01 /09 0602 1502 1302 5101 0401 1101 0301 0302 0401 0401
50 P 0 2 01 /09 2402 0401 0202 3502 5101 1101 1104 0301 0301 0401 0402

D 0 2 01 /09 2402 0401 1502 3502 5101 1101 1104 0301 0301 0401 0401
51 P 0201 /09 3101 0304 0602 4001 5001 0404 0701 0 201/02 0302 0401 0601

D 0205 3101 0304 0602 4001 5001 0404 0701 0201/02 0302 0401 0601
52 P 0 201 /09 3101 0304 0704 4001 4402 0404 1301 0302 0603 0401 0401

D 0 201 /09 3101 0304 0501 4001 4402 0404 1301 0302 0603 0301 1001
53 P 0205 1101 0304 0702 0702 1501 0401 0401 0301 0302 0401 0401

D 0 201 /09 1101 0304 0702 0702 1501 0401 0401 0301 0302 0401 2301
54 P 0201 /09 2402 0303 0401 2705 3503 0401 1104 0301 0302 0401 0401

D 0205 2402 0303 0401 2705 3503 0401 1104 0301 0302 0201 0301
55 P 0101 2902 0701 /06 1601 0801 4403 0301 0701 0201/02 0201/02 0101 0401

D 0101 2902 0701 /06 1601 0801 4403 0301 0701 0201 /02 0201 /02 0101 1101
56 P 0201 /09 2902 0401 1601 3504 4403 0701 1201 0201 /02 0301 0401 0402

D 0 201 /09 2902 0401 1601 3506 4403 0701 1201 0201 /02 0301 0401 1101
57 P 0302 6801 0702 1601 0702 4403 0301 1501 0 201 /02 0602 0401 0401

D 0302 6803 0702 1601 0702 4403 0301 1501 0201 /02 0602 0301 0401
58 P 0 2 01 /09 0201 /09 0304 1402 4001 5101 0101 0901 0303 0501 0401 0402

D 0 2 01 /09 0201 /09 0304 1402 4001 5101 0101 0901 0303 0501 0401 2001
59 P 0101 1101 0701 /06 0702 0702 0801 1501 1501 0602 0602 0401 0401

D 0101 1101 0701 /06 0702 0702 0801 1501 1501 0602 0602 0401 0401
60 P 0101 0 2 01 /09 0701 /06 0304 0801 4001 0301 1302 0201 /02 0604 0301 0401

D 0101 0 2 01 /09 0 7 01 /06 0304 0801 4001 0301 1302 0 2 01 /02 0604 0301 0401
61 P 0205 0301 0602 0701/06 0801 5001 0301 0701 0201 /02 0201 /02 0201 0401

D 0205 0301 0602 0701 /06 0801 5001 0301 0701 0201 /02 0201 /02 0101 1701
62 P 0 201 /09 2402 0401 1203 0702 3503 0101 0102 0501 0501 2801 2801

D 0 201 /09 2402 0401 0702 0702 3503 0101 0102 0501 0501 0401 2801
63 P 0101 6801 0401 0702 0702 3503 0401 1501 0302 0602 0201 0402

D 0101 6801 0401 0702 0702 3503 0401 1501 0301 0602 0401 0401
64 P 2601 2601 0401 1203 3503 3801 0402 0402 0302 0302 0401 0401

D 2601 2601 0401 1203 3503 3801 0402 0402 0302 0302 0401 0401
65 P 0201 /09 3101 0202 0501 2705 4402 0401 1301 0301 0603 0401 0401

D 02 0 1 /0 9 3101 0202 0501 2705 4402 0401 1301 0301 0603 0401 0401
66 P 0201 /09 2902 0602 0602 1302 4501 0401 1501 0301 0602 0401 1301

D 0 201 /09 2902 0602 0602 1302 4501 0401 1501 0301 0602 0401 0601
67 P 0101 2301 0401 0701/06 0801 4403 0401 0701 0201 /02 0302 0101 0201

D 0101 2301 0401 0701 /06 0801 4403 0401 0701 0201 /02 0302 0401 0401
68 P 0101 0301 0602 0702 0702 5701 0404 0701 0302 0303 0401 0401

D 0101 0301 0602 0702 0702 5701 0404 0701 0302 0303 0401 0402
69 P 0101 0201 /09 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0601 0601

D 0101 0 2 01 /09 0701 /06 0702 0702 0801 0301 1501 0 2 01 /02 0602 0401 0401
70 P 2402 3002 0501 0702 0702 1801 0301 1501 0201 /02 0602 0202 0401

D 2402 3002 0501 0702 0702 1801 0301 1501 0201 /02 0602 0401 0401
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P/D Pair ID HLA-A HLA-C HLA B HLA-DRBI HLA-DOBI HLA-DPBI
71 P 1101 1101 0501 0702 0702 1801 0301 0404 02 0 1 /0 2 0302 0201 0402

D 02 01 /09 1101 0501 0702 0702 1801 0301 0404 0 2 0 1 /0 2 0302 0401 0601
72 P 02 01 /09 2402 0202 0602 2705 5001 0701 1101 02 0 1 /0 2 0301 0201 2701

D 0205 2402 0102 0602 2705 5001 0701 1101 02 0 1 /0 2 0301 0201 2701
73 P 02 01 /09 2901 0602 1502 0705 5701 0701 0701 02 0 1 /0 2 0303 0601 1401

D 0201 /09 2901 0602 1502 0705 5701 0701 0701 02 0 1 /0 2 0303 0202 2801
74 P 0101 0101 0602 0701/06 0801 5701 0301 0701 02 0 1 /0 2 0303 0401 1301

D 0101 0101 0602 0701 /06 0801 5701 0301 0701 02 0 1 /0 2 0303 0301 0401
75 P 02 01 /09 0 201 /09 0304 0501 1502 4402 0401 1501 0302 0602 0401 0401

D 0201 /09 0201 /09 0304 0501 1502 4402 0401 1501 0302 0602 0401 0401
76 P 0101 0101 0401 0701 /06 0801 3501 0103 0401 0301 0501 0401 0401

D 0101 0101 0401 0701 /06 0801 3501 0103 0401 0301 0501 0401 0601
77 P 0101 0301 0602 0702 0702 3701 0301 1501 02 0 1 /0 2 0602 0401 0402

D 0101 0301 0602 0702 0702 3701 0301 1501 02 0 1 /0 2 0602 0401 0401
78 P 02 01 /09 2402 0202 0304 2705 4001 0404 1101 0301 0302 0401 1501

D 0201 /09 2402 0102 0304 2705 4001 0404 1101 0301 0302 0201 0401
79 P 0301 2601 0702 1203 0702 3801 1301 1501 0602 0603 0401 0402

D 0301 2601 0702 1203 0702 3801 1301 1501 0602 0603 0401 3801
80 P 0201 /09 3001 0303 0602 1302 1501 0701 1101 02 0 1 /0 2 0301 0401 0401

D 0 201 /09 3001 0303 0602 1302 1501 0701 1101 02 0 1 /0 2 0301 0401 0402
81 P 2402 6801 0702 0702 0801 3906 0301 0401 0 201 /02 0301 0401 0402

D 2501 6801 0701 /06 1203 0801 3901 0301 0401 0 2 0 1 /0 2 0301 0401 1101
82 P 0101 0101 0303 0701 /06 0801 1501 0301 1301 02 0 1 /0 2 0603 0401 0402

D 0101 0101 0303 0701 /06 0801 1501 0301 1301 02 0 1 /0 2 0603 0101 0401
83 P 0101 0101 0701 /06 0701 /06 0801 0801 0301 1201 02 0 1 /0 2 0301 0201 0401

D 0101 0101 0 701 /06 0701 /06 0801 0801 0301 1201 0 2 0 1 /0 2 0301 0401 1401
84 P 0301 0301 0701 /06 0702 0702 1801 0901 1501 0303 0602 0201 0401

D 0301 0301 0701 /06 0702 0702 1801 0901 1501 0303 0602 0201 0201
85 P 0101 0301 0702 0704 0702 4402 0101 1501 0501 0602 0401 0401

D 0101 0301 0702 1601 0702 4402 0101 1501 0501 0602 0202 0402
86 P 0101 1101 0501 0701 /06 0801 4402 0301 0401 02 0 1 /0 2 0301 0201 0402

D 0101 1101 0501 0701 /06 0801 4402 0301 0401 0 2 0 1 /0 2 0301 0401 0401
87 P 0101 0301 0401 0702 0702 3501 0101 0103 0301 0501 0401 0402

D 0101 0301 0401 0702 0702 3501 0101 0103 0301 0501 0401 0402
88 P 0101 0201 /09 0501 0701/06 0801 4402 0401 0701 02 0 1 /0 2 0302 0401 1501

D 0101 0201 /09 0501 0701 /06 0801 4402 0401 0701 0 2 0 1 /0 2 0301 0401 0401
69 P 02 0 1 /0 9 0301 0702 0702 0702 0702 0103 1501 0501 0602 0402 1401

D 02 01 /09 0301 0702 0702 0702 0702 0103 1501 0301 0602 0401 1301
90 P 0101 0301 0701/06 0802 0801 1402 0301 1302 0201 /02 0609 0401 0501

D 0101 0301 0 701 /06 0802 0801 1402 0301 1302 02 0 1 /0 2 0609 0101 0401
91 P 0201 /09 6801 0704 0802 1401 4402 0101 0701 02 0 1 /0 2 0501 0202 0402

D 0201 /09 6801 0704 0802 1401 4402 0101 0701 02 0 1 /0 2 0501 0402 0402
92 P 0101 0 2 01 /09 0702 0801 0702 0702 0301 1501 0 2 01 /02 0602 0201 0401

D 0101 0201 /09 0702 0801 0702 0702 0301 1501 02 0 1 /0 2 0602 0402 1401
93 P 0101 0301 0202 0802 1401 2705 0701 1401 02 0 1 /0 2 0503 0301 0402

D 0101 0301 0102 0304 4001 2705 0701 1401 02 0 1 /0 2 0503 0401 1501
94 P 2301 3301 0602 1601 4403 5801 0701 0701 0 2 01 /02 0201 /02 0201 0402

D 2301 2902 0602 1601 4403 5802 0701 0701 02 0 1 /0 2 0 201 /02 0402 1101
95 P 0301 1101 0702 0702 0702 0702 0401 0404 0301 0302 0101 0402

D 0301 1101 0702 0702 0702 0702 0404 0404 0302 0302 0401 0401
96 P 0101 6801 0701 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0201 /02 0401 1101

D 0101 6802 0701 /06 1601 0801 4403 0301 0701 0 2 0 1 /0 2 0 2 01 /02 0301 0401
97 P 0101 0301 0304 0602 1501 5701 0401 1302 0302 0609 0401 0401

D 0101 0301 0303 0602 1501 5701 0401 1301 0301 0603 0401 0401
98 P 0301 3001 0401 0602 1302 3503 0701 0701 02 0 1 /0 2 0303 0402 1701

D 0301 3001 0401 0602 1302 3503 0701 0701 02 0 1 /0 2 0303 0402 1101
99 P 0 2 01 /09 2901 0704 1601 4402 4403 0401 0701 02 0 1 /0 2 0301 0402 1101

D 0201 /09 2901 0501 1601 4402 4403 0401 0701 02 0 1 /0 2 0301 0301 0401
100 P 0101 0201 /09 0602 0702 0702 5701 0301 0701 0 201 /02 0303 0201 0401

D 0101 0201 /09 0602 0702 0702 5701 0301 0701 02 0 1 /0 2 0303 0401 1301
101 P 0101 0101 0701 /06 0701 /06 0801 0801 0301 0301 02 0 1 /0 2 0201 /02 0101 0101

D 0101 0101 0701 /06 0701 /06 0801 0801 0301 0301 02 0 1 /0 2 0201 /02 0201 0201
102 P 0101 2402 0 701/06 0701 /06 0801 1801 0301 1104 02 0 1 /0 2 0301 0401 0402

D 0101 2402 0701 /06 0701 /06 0801 1801 0301 1104 0 2 0 1 /0 2 0301 1101 1101
103 P 0101 0201 /09 0701/06 1203 0801 3901 0301 1101 02 0 1 /0 2 0301 0201 0401

D 0101 0201 /09 0701 /06 1203 0801 3901 0301 1101 0 2 0 1 /0 2 0301 0101 0101
104 P 0101 2402 0701 /06 0802 0801 1402 0301 1101 02 0 1 /0 2 0301 0401 0901

D 0101 2301 0701 /06 0802 0801 1402 0301 1101 02 0 1 /0 2 0301 0201 0402
105 P 0101 6802 0701 /06 0802 0801 1402 0301 1303 02 0 1 /0 2 0301 0301 0301

D 0101 6802 0701 /06 0802 0801 1402 0301 1303 0 2 0 1 /0 2 0301 0101 0401



P/D Pair ID HLA-A HLA-C H LA B HLA-DRBI HLA-DQBl HLA-DPBI
106 P 0101 0201/09 0501 0701/06 0801 4402 0301 0401 0 201 /02 0301 0201 0401

D 0101 0201 /09 0501 0701/06 0801 4402 0301 0401 02 0 1 /0 2 0301 0401 0401
107 P 0201 /09 0301 0102 0702 0702 1501 1301 1501 0602 0603 0401 2801

D 0201 /09 0301 0303 0702 0702 1501 1301 1501 0602 0603 0401 0402
108 P 0301 2402 0401 0701/06 1801 3503 0402 0901 0302 0303 0201 0201

D 0301 2402 0401 0701/06 1801 3503 0402 0901 0302 0303 0201 0201
109 P 0101 0201 /09 0701 /06 0701/06 0801 0801 0301 0301 0 2 01 /02 0201 /02 0101 0501

D 0101 0201 /09 0701 /06 0701/06 0801 0801 0301 0301 0 2 01 /02 0 201 /02 0101 0201
110 P 0201 /09 2402 0701 /06 1601 0801 4501 0301 0701 0 2 01 /02 0201 /02 0101 0301

D 0101 2402 0 701 /06 0602 0801 4501 0301 0701 0 2 0 1 /0 2 0 2 01 /02 0301 1701
111 P 0101 0301 0602 0701/06 0801 4701 0301 1301 0 201 /02 0603 0401 0401

D 0101 0301 0602 0701/06 0801 4701 0301 1301 0 2 0 1 /0 2 0603 0401 0401
112 P 0 201 /09 2902 0602 1601 3701 4403 0401 0701 0 2 0 1 /0 2 0302 0301 1101

D 02 0 1 /0 9 2902 0501 1601 4402 4403 0401 0701 02 0 1 /0 2 0301 0401 0402
113 P 0 201 /09 0301 0303 0401 3501 5501 0101 1401 0501 0503 0401 0402

D 0 201 /09 0301 0303 0401 3501 5501 0101 1401 0501 0503 0401 0401
114 P 0 201 /09 6801 0303 0704 1501 4402 1101 1101 0301 0301 0201 0402

D 0 201 /09 6801 0303 0704 1501 4402 1101 1101 0301 0301 0401 0401
115 P 0101 0201 /09 0501 0701/06 0801 4402 0301 1301 0 2 01 /02 0603 1301 1301

D 0101 0201 /09 0501 0701/06 0801 4402 0301 1301 02 0 1 /0 2 0603 0401 0401
116 P 0 201 /09 0301 0102 0701/06 0801 5101 0101 0101 0501 0501 0301 0501

D 0 201 /09 0301 1402 0701 /06 0801 5101 0101 0101 0501 0501 0301 0401
117 P 0 201 /09 6801 0702 0704 0702 4402 0401 1501 0301 0602 0401 0401

D 0201 /09 6801 0702 0501 0702 4402 0401 1501 0301 0602 0401 0401
118 P 0301 2902 0701 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0 2 01 /02 0401 1101

D 0301 2902 0 7 01 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0 2 01 /02 0101 0401
119 P 0 201 /09 0301 0501 0702 0702 4402 0401 0407 0301 0301 0301 0301

D 0 201 /09 0301 0501 0702 0702 4402 0401 0407 0301 0301 0401 0401
120 P 0301 2902 0702 1601 0702 4403 0701 1501 0 2 01 /02 0602 0401 3801

D 0301 2902 0702 1601 0702 4403 0701 1501 02 0 1 /0 2 0602 1101 1101
121 P 0101 0301 0702 0702 0702 0702 1501 1501 0602 0602 0201 0401

D 0101 0301 0702 0702 0702 0702 1501 1501 0602 0602 0201 0401
122 P 0201 /09 0201 /09 0303 0804 1402 1501 0401 1303 0301 0302 0201 0401

D 0201 /09 6802 0303 0804 1402 1501 0401 1303 0301 0302 0401 0401
123 P 1101 2902 0102 1601 2705 4403 0103 0701 0 2 01 /02 0501 0401 1501

D 1101 2902 0102 1601 2705 4403 0103 0701 0 2 0 1 /0 2 0501 0401 1501
124 P 0101 0101 0701 /06 0702 0702 0801 0101 1501 0501 0602 0401 0401

D 0101 0101 0701 /06 0702 0702 0801 0101 1501 0501 0602 0401 1401
125 P 2902 3001 0602 0702 0702 1302 0701 1501 0 201 /02 0602 0401 0401

D 2902 3001 0602 0702 0702 1302 0701 1501 02 0 1 /0 2 0602 0401 0401
126 P 0201 /09 0205 0701 /06 0702 0702 4901 0405 1501 0301 0602 0401 0402

D 0201 /09 0205 0 7 01 /06 0702 0702 4901 0405 1501 0302 0602 0401 0401
127 P 0201 /09 3201 0602 0701/06 1517 5701 0701 1104 0301 0303 0402 0901

D 0 2 01 /09 3201 0602 0303 5501 5701 0701 1104 0301 0303 0401 0401
128 P 0 2 01 /09 0201 /09 0304 0501 4001 4402 1101 1301 0301 0603 0401 3801

D 0 2 01 /09 0201 /09 0304 0501 4001 4402 1101 1301 0301 0603 0301 1001
129 P 0201 /09 0201 /09 0304 0501 4001 4402 0701 1302 02 0 1 /0 2 0604 0301 0401

D 0 2 01 /09 0201 /09 0304 1601 4001 4403 0701 1302 02 0 1 /0 2 0604 0301 1101
130 P 0 2 01 /09 3301 0702 0802 0702 1402 0102 1501 0501 0602 0501 0601

D 0 2 01 /09 3301 0702 0802 0702 1402 0102 1501 0501 0602 0401 0402
131 P 0 2 01 /09 0301 0401 0501 3501 4402 0101 1501 0501 0602 0101 0401

D 0 2 01 /09 0301 0401 0501 3501 4402 0101 1501 0501 0602 0401 0402
132 P 0101 0101 0 701 /06 0702 0702 0801 0301 1501 02 0 1 /0 2 0602 0201 0402

D 0101 0101 0 701 /06 0702 0702 0801 0301 1501 02 0 1 /0 2 0602 0101 0401
133 P 0301 3201 0501 0602 1302 1801 0301 0701 0 201 /02 0 201 /02 0401 0601

D 0301 3001 0501 0602 1302 1801 0301 0701 02 0 1 /0 2 0 201 /02 0401 0401
134 P 0101 0201 /09 0501 0701/06 4402 4901 0101 1301 0504 0603 0301 1001

D 0102 0 201 /09 0501 0701 /06 4402 4901 0101 1302 0504 0604 0401 1501
135 P 0 201 /09 0201 /09 0501 0702 0702 4402 0301 1501 0 201 /02 0602 0201 0401

D 0 201 /09 0201 /09 0501 0702 0702 4402 0301 1501 02 0 1 /0 2 0603 0201 3801
136 P 0101 0101 0102 0602 1501 3701 0101 1501 0501 0602 0401 1001

D 0101 0101 0303 0602 1501 3701 0101 1501 0501 0602 0401 0401
137 P 0 2 01 /09 0 201 /09 0102 0304 2705 4001 0103 1302 0301 0604 0201 0401

D 0 2 01 /09 0201 /09 0102 0304 2705 4001 0103 1302 0301 0604 0401 0402
138 P 0101 6801 0701 /06 0401 0801 4403 0301 0701 02 0 1 /0 2 0 201 /02 0101 0201

D 0101 6801 0 701 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0 201 /02 0401 0401
139 P 0 201 /09 0201 /09 0602 0702 0702 5701 0401 0701 0301 0303 0401 0401

D 0 201 /09 0201 /09 0602 0702 0702 5701 0401 0701 0301 0303 0201 0401
140 P 1101 1101 0202 0501 1801 5101 0301 0401 02 0 1 /0 2 0302 0401 0402

D 1101 1101 0303 0501 1801 5101 0301 0401 0 2 0 1 /0 2 0302 0301 0301
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
141 P 0201 /09 3201 0701/06 0802 0801 1401 0301 0701 0201/02 0 201 /02 0201 0401

D 02 0 1 /0 9 3201 0701 /06 0802 0801 1401 0301 0701 0201 /02 02 0 1 /0 2 0201 0401
142 P 0101 3101 0202 0702 0702 2705 0401 1501 0302 0602 0401 0402

D 0101 3101 0202 0702 0702 2705 0401 1501 0302 0602 0401 0402
143 P 0201 /09 0301 0501 0702 0702 4402 0401 1501 0301 0602 0401 1101

D 0201 /09 0301 0501 0702 0702 4402 0401 1501 0301 0602 0401 1601
144 P 0101 0301 0 701 /06 0702 0702 0801 0301 1101 0 201/02 0301 0201 1501

D 0101 0301 0 701 /06 0702 0702 0801 0301 1101 0201 /02 0301 0401 0401
145 P 0101 3101 0701 /06 1502 0801 5101 1301 1501 0602 0603 0201 1001

D 0101 3101 0701 /06 1502 0801 5101 1301 1501 0602 0603 0401 0401
146 P 0101 0201 /09 0602 0701/06 0801 1302 0301 1501 0201 /02 0602 0201 0401

D 0101 0201 /09 0602 0701/06 0801 1302 0301 1501 0 201 /02 0602 0401 0402
147 P 0 201 /09 0301 0102 0702 0702 2705 0101 1501 0501 0602 0501 1001

D 0 2 0 1 /0 9 0301 0102 0702 0702 2705 0101 1501 0501 0602 0401 0401
148 P 2402 2402 0303 0501 1501 4402 0401 0401 0301 0302 0402 1301

D 2402 2402 0303 0501 1501 4402 0401 0401 0301 0302 0301 0401
149 P 0101 0301 0701 /06 0702 0702 0801 1302 1501 0602 0604 0301 0401

D 0101 0301 0701 /06 0702 0702 0801 1302 1501 0602 0604 0401 0401
150 P 0 2 01 /09 3101 0304 0702 0702 4001 0404 1501 0302 0602 0401 0601

D 0 2 0 1 /0 9 3101 0304 0702 0702 4001 0404 1501 0302 0602 0401 0402
151 P 0101 0201 /09 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0501 2701

D 0101 0 201 /09 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0201 0401
152 P 0205 2402 0501 0602 4402 5001 0101 0701 0201 /02 0501 0301 0401

D 0205 2402 0303 0602 4402 5001 0101 0701 0201 /02 0501 0201 0201
153 P 0101 0101 0602 0701/06 0801 1402 0301 0701 0201/02 0 201 /02 2701 2701

D 0101 0101 0802 0701 /06 0801 1402 0301 0701 0 2 01 /02 0 2 0 1 /0 2 0401 1501
154 P 0101 6801 0701 /06 1203 0801 3801 0301 1301 0201 /02 0603 0201 0402

D 0101 6801 0701 /06 1203 0801 3801 0301 1301 0201 /02 0603 0201 0301
155 P 0101 0301 0501 0701 /06 0801 4402 0301 1104 0201 /02 0301 0101 0402

D 0101 0301 0501 0 7 01 /06 0801 4402 0301 1104 0201 /02 0301 0401 0402
156 P 0101 0 2 01 /09 0501 0 7 01 /06 0801 4402 0301 1501 0201 /02 0602 0401 0402

D 0101 0201 /09 0501 0701 /06 0801 4402 0301 1501 0201 /02 0602 0401 0402
157 P 1101 3201 0701 /06 1504 1801 5101 1104 1501 0301 0602 0401 0402

D 1101 3201 1203 1502 1801 5101 1113 1501 0503 0602 0401 0401
158 P 0 2 01 /09 3201 0304 0501 4001 4402 0301 1302 0201 /02 0604 0301 0301

D 0 2 01 /09 3201 0304 0501 4001 4402 0301 1302 0 2 01 /02 0604 0401 0401
159 P 0 2 01 /09 0301 0501 1402 1801 5101 0301 0801 0201 /02 0402 0501 0501

D 0 201 /09 0201 /09 0501 0202 1801 5101 0301 0801 0201 /02 0402 0401 0301
160 P 0101 0301 0701 /06 0702 0702 0801 0301 1501 0201/02 0602 0401 0401

D 0101 0301 0701/06 0702 0702 0801 0301 1501 0201 /02 0602 0101 0401
161 P 3001 3201 0602 0802 1302 1401 0701 0701 0201 /02 0 2 01 /02 0201 0402

D 3001 3201 0602 0802 1302 1401 0701 0701 0201 /02 0201 /02 0301 0401
162 P 0101 3001 0701 /06 0602 0801 1302 0301 0701 0201 /02 0 2 01 /02 0401 1701

D 0101 3001 0 7 01 /06 0602 0801 1302 0301 0701 0201 /02 0 2 01 /02 0401 1701
163 P 1101 2501 1203 1601 1801 4403 0103 1501 0501 0602 0201 0402

D 1101 0301 0701 /06 1601 1801 4403 0103 1501 0501 0602 0201 0401
164 P 0 201 /09 0301 0401 0704 3503 4402 0701 1301 0201 /02 0603 0401 0401

D 0 201 /09 0301 0401 0704 3503 4402 0701 1301 0201 /02 0603 0201 2001
165 P 0 2 01 /09 2601 0304 0501 1301 4402 1201 1502 0301 0602 0401 0501

D 02 0 1 /0 9 2601 0501 0501 4402 4402 1201 1501 0301 0602 0401 0401
166 P 0101 0301 0501 0701 /06 0801 4402 0301 1501 0201 /02 0602 0401 2701

D 0101 0301 0501 0701/06 0801 4402 0301 1501 0 201 /02 0602 0401 0402
167 P 0 201 /09 0201 /09 0501 0501 4402 4402 0401 0401 0301 0301 0401 2001

D 02 0 1 /0 9 0 2 01 /09 0501 0501 4402 4402 0401 0401 0301 0301 0401 2001
168 P 0301 2402 0401 0702 0702 3502 0101 1501 0501 0602 0201 0402

D 0301 2402 0401 0702 0702 3502 0101 1501 0501 0602 0401 0402
169 P 0 201 /09 6801 0501 0501 4402 4402 0401 0401 0301 0301 0301 0401

D 02 0 1 /0 9 6801 0501 0501 4402 4402 0401 0401 0301 0301 0301 0401
170 P 1101 6802 0701 /06 0802 1402 1801 1301 1303 0301 0603 0301 0401

D 1101 6802 0701 /06 0802 1402 1801 1301 1303 0301 0603 0201 0301
171 P 0101 0201 /09 0702 1203 0702 0702 1501 1501 0602 0602 0401 0401

D 0101 0 2 01 /09 0702 0702 0702 0702 1501 1501 0602 0602 0401 0401
172 P 0301 2402 0304 0501 1501 4402 0301 0401 0201 /02 0302 0101 0401

D 0301 2402 0303 0501 1501 4402 0301 0401 0 201 /02 0301 0101 0402
173 P 0101 0101 0701 /06 0701 /06 0801 0801 0301 0301 0201 /02 0 201 /02 0401 0402

D 0101 0101 0701 /06 0 701 /06 0801 0801 0301 0301 0 201 /02 0 201 /02 0401 1301
174 P 0101 0201 /09 0501 0701 /06 1801 4402 0301 1501 0201 /02 0602 0401 0401

D 0101 0201 /09 0501 0701 /06 1801 4402 0301 1501 0201 /02 0602 0301 0401
175 P 0101 3101 0701 /06 1502 0801 5101 0101 0301 0201 /02 0501 0401 0401

D 0101 3101 0701 /06 1502 0801 5101 0101 0301 0201 /02 0501 0101 0402
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
176 P 0 201 /09 0301 0303 0401 1501 3503 0101 0301 0201 /02 0501 0401 0401

D 02 0 1 /0 9 0301 0303 0401 1501 3503 0101 0301 0201 /02 0501 0402 0402
177 P 0101 2601 0602 0701/06 0801 1302 0301 0701 0201 /02 0201/02 0101 0301

D 0101 2601 0602 0701 /06 0801 1302 0301 0701 0201 /02 0201 /02 0101 0401
178 P 0 201 /09 2902 0401 0701/06 0801 3501 0301 0701 0201 /02 0303 0401 2701

D 02 0 1 /0 9 2902 0401 0701 /06 0801 3501 0301 0701 0201 /02 0303 0301 0401
179 P 1101 1101 0401 0401 3503 3503 0101 0103 0501 0501 0401 1301

D 1101 1101 0401 0401 3503 3503 0101 0103 0501 0501 0402 0901
180 P 0 201 /09 3101 0304 0304 1501 4001 0401 0404 0302 0302 0401 1701

D 0 201 /09 3101 0304 0304 1501 4001 0401 0404 0302 0302 0201 0301
181 P 0 201 /09 2901 0501 1601 4402 4403 0701 1101 0201/02 0301 0201 1101

D 02 0 1 /0 9 2901 0704 1601 4402 4403 0701 1101 0201 /02 0301 0401 2701
182 P 0101 2902 0701 /06 1601 0702 4403 0401 1501 0301 0602 2801 2801

D 0101 2902 0702 1601 0702 4403 0401 1501 0301 0602 0401 0401
183 P 0 201 /09 0201 /09 0303 0501 1501 4402 0701 1501 0201 /02 0602 0401 1101

D 02 0 1 /0 9 0201 /09 0302 0501 1501 4402 0701 1501 0201 /02 0602 0201 7301
184 P 0 201 /09 0201 /09 0304 0501 4001 4402 0401 1302 0301 0604 0301 0401

D 0 201 /09 0 2 01 /09 0304 0501 4001 4402 0401 1302 0301 0604 0401 0601
185 P 0101 0201 /09 0304 0701/06 0801 4001 0301 0401 0201 /02 0302 0201 0401

D 0101 0201 /09 0304 0701/06 0801 4001 0301 0401 0 201 /02 0302 0402 1601
186 P 0 201 /09 0201 /09 0501 0702 0702 4402 1501 1501 0602 0602 0401 0501

D 0 201 /09 0 2 01 /09 0501 0702 0702 4402 1501 1501 0602 0602 0301 0401
187 P 0101 1101 0602 0802 1402 5702 0102 0701 0303 0501 0401 0401

D 0101 1101 0602 0802 1402 5702 0102 0701 0303 0501 0401 0401
188 P 0301 2601 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0201 0301

D 0301 2601 0701 /06 0702 0702 0801 0301 1501 0 201 /02 0602 0101 0401
189 P 0101 3201 0501 0701/06 0801 5501 0301 0407 0201 /02 0301 0101 0401

D 0101 3201 0501 0701 /06 0801 5501 0301 0407 0201 /02 0301 0401 0401
190 P 0301 3001 0401 0602 1302 3502 0101 0701 0201 /02 0501 0401 0401

D 0301 3001 0401 0602 1302 3502 0101 0701 0 201 /02 0501 0401 1701
191 P 0101 0301 0401 0701 /06 0801 3508 0301 1101 0201 /02 0301 0401 0401

D 0101 0301 0401 0701 /06 0801 3503 0301 1101 0 201 /02 0301 0101 2001
192 P 0 201 /09 3201 0501 0802 1401 4402 0101 0701 0201 /02 0501 0301 0401

D 0 201 /09 3201 0501 0802 1401 4402 0101 0701 0201 /02 0501 0201 0201
193 P 0 201 /09 3101 0501 1601 4402 4403 0401 1501 0301 0602 0401 0601

D 02 0 1 /0 9 3101 0501 0501 4402 4402 0401 1501 0301 0602 0401 0402
194 P 0101 0301 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0401 0402

D 0101 0301 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0101 0401
195 P 02 0 1 /0 9 0301 0304 0401 3501 4001 0101 0701 0201 /02 0501 0402 0402

D 0 2 01 /09 0301 0304 0401 3501 4001 0101 0701 0201 /02 0501 0201 0402
196 P 0301 3101 0702 0702 0702 0702 0404 1501 0302 0602 0401 0401

D 0301 3101 0702 0702 0702 0702 0404 1501 0302 0602 0201 0401
197 P 0301 2501 0802 1203 1402 1801 0101 1501 0501 0602 0201 0401

D 0301 2501 0802 1203 1402 1801 0101 1501 0501 0602 0201 0402
198 P 0301 3101 0102 0401 3501 5101 0101 0407 0301 0501 0301 0301

D 0301 3101 1502 0401 3501 5101 0101 0407 0301 0501 0301 1701
199 P 02 0 1 /0 9 0301 0702 0702 0702 0702 0101 1501 0501 0602 0301 0401

D 0201 /09 0301 0702 0702 0702 0702 0101 1501 0501 0602 0401 0601
200 P 0101 2402 0701 /06 0702 0702 0801 0103 1501 0501 0602 0401 0401

D 0101 2402 0701 /06 0702 0702 0801 0101 1501 0501 0602 0401 0401
201 P 0 2 0 1 /0 9 2601 0701/06 0702 0702 0801 0301 1501 0201 /02 0602 0401 0401

D 02 0 1 /0 9 2601 0701 /06 0702 0702 0801 0301 1501 0 2 01 /02 0602 0401 0401
202 P 0101 0 201/09 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0401 0501

D 0101 0201 /09 0701 /06 0702 0702 0801 0301 1501 0 201 /02 0602 0401 0601
203 P 0 2 0 1 /0 9 0301 0501 0702 0702 4402 1501 1501 0602 0602 0401 0401

D 02 0 1 /0 9 0301 0501 0702 0702 4402 1501 1501 0602 0602 0401 1001
204 P 0101 1101 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 1701 1701

D 0101 1101 0701 /06 0702 0702 0801 0301 1501 0201 /02 0602 0301 0401
205 P 0 201 /09 3101 0501 0501 4402 4402 1201 1501 0301 0602 0401 0401

D 02 0 1 /0 9 3101 0501 0501 4402 4402 1201 1501 0301 0602 0401 0402
206 P 0302 1101 0102 0401 2705 3501 0101 1101 0301 0501 0402 0402

D 0301 1101 0102 0401 2705 3501 0101 1101 0301 0501 0201 0201
207 P 0101 0201/09 0701 /06 0701/06 0801 0801 0301 0301 0201 /02 0201 /02 0101 0601

D 0101 0201 /09 0 701 /06 0701/06 0801 0801 0301 0301 0 201 /02 0201 /02 0401 0401
208 P 0101 0101 0304 0701 /06 0801 4001 0301 0401 0 201 /02 0302 0201 2301

D 0101 0101 0304 0701 /06 0801 4001 0301 0401 0 201 /02 0302 0401 0401
209 P 0101 2902 0701 /06 1601 0801 4403 0301 0701 0 2 01 /02 0 201/02 0401 1101

D 0101 2902 0701 /06 1601 0801 4403 0301 0701 0 2 0 1 /0 2 0201 /02 0401 1101
210 P 0 201 /09 0201/09 1402 0304 1501 5101 0301 0401 0201 /02 0302 0201 1601

D 02 0 1 /0 9 0201 /09 1402 0304 1501 5101 0301 0401 0 201 /02 0302 0401 0401
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
211 P 0101 6802 0401 0701/06 0801 5301 0102 0301 02 0 1 /0 2 0501 0101 0401

D 0101 6802 0401 0701 /06 0801 5301 0102 0301 0 2 0 1 /0 2 0501 0901 1101
212 P 0101 0201 /09 0304 1202 4001 5201 0301 1502 02 0 1 /0 2 0601 0201 0401

D 0101 0 201 /09 0304 1202 4001 5201 0301 1502 02 0 1 /0 2 0601 0101 0401
213 P 0301 2501 0702 1203 0702 1801 1501 1501 0602 0602 0201 0401

D 0301 2501 0702 1203 0702 1801 1501 1501 0602 0602 0401 4601
214 P 0 2 01 /09 2301 0303 0401 1501 4403 0701 1301 02 0 1 /0 2 0603 0402 1501

D 0 2 01 /09 2301 0303 0401 1501 4403 0701 1301 02 0 1 /0 2 0603 0401 0401
215 P 0101 1101 0303 0702 0702 1501 0401 1501 0302 0603 0201 0301

D 0101 1101 0304 0304 0702 1501 0401 1501 0302 0602 0401 0401
216 P 2402 2501 0602 1203 1801 5701 0701 1501 0303 0602 0201 0402

D 2402 2501 0602 1203 1801 5701 0701 1501 0303 0602 0101 0401
217 P 0 201 /09 0 201 /09 0501 0702 0702 4402 0401 1401 0301 0503 0201 0401

D 0 201 /09 0 201 /09 0501 0702 0702 4402 0401 1401 0301 0503 0201 0401
218 P 0 2 01 /09 6802 0501 0702 0702 4402 0401 0404 0301 0302 0401 0401

D 0 2 0 1 /0 9 6801 0501 0702 0702 4402 0401 0404 0301 0302 0601 1501
219 P 0 201 /09 2402 0501 0702 0702 4402 0401 1201 0301 0302 0401 0401

D 0 201 /09 2402 0501 0702 0702 4402 0401 1201 0301 0301 0401 2001
220 P 0 201 /09 3101 0304 0501 4001 4402 0404 1301 0302 0603 0401 1401

D 02 0 1 /0 9 3101 0304 0501 4001 4402 0404 1301 0302 0603 0901 1401
221 P 0205 0301 0701 /06 0702 0702 4901 0405 1501 0302 0602 0401 4601

D 0205 0301 0 701 /06 0702 0702 4901 0405 1501 0302 0602 0401 1001
222 P 0 201 /09 0301 0303 0501 1501 4402 1104 1301 0301 0603 0201 0402

D 02 0 1 /0 9 0301 0304 0501 1501 4402 1104 1301 0301 0603 0401 0402
223 P 0 201 /09 1101 0303 0602 5501 5701 0701 1401 0303 0503 0401 0401

D 0 201 /09 1101 0303 0602 5501 5701 0701 1401 0303 0503 0401 0401
224 P 0 201 /09 2301 0501 0701 /06 0801 4402 0301 0401 02 0 1 /0 2 0301 0101 0401

D 0 2 0 1 /0 9 2301 0401 0701 /06 0801 4403 0301 0401 0 2 0 1 /0 2 0301 0201 0401
225 P 0301 3201 0702 0802 0702 1402 1501 1501 0602 0602 0201 0401

D 0301 3201 0702 0802 0702 1402 1501 1501 0602 0602 0401 0402
226 P 0101 0301 0701 /06 0704 0801 2705 0301 1401 02 0 1 /0 2 0503 0101 0101

D 0101 0301 0701 /06 0202 0801 2705 0301 1401 02 0 1 /0 2 0503 0101 0301
227 P 0301 3201 0702 1203 0702 3801 0101 1101 0301 0501 0201 0401

D 0301 3201 0702 0702 0702 3901 0101 1101 0301 0501 1001 1001
228 P 0 201 /09 0301 0401 0602 1302 3503 0401 0701 02 0 1 /0 2 0302 0401 0401

D 0 201 /09 0301 0401 0602 1302 3501 0401 0701 0 2 0 1 /0 2 0301 0301 0501
229 P 0301 0301 0 7 01 /06 0304 0702 0801 0301 1501 02 0 1 /0 2 0602 0401 0401

D 0301 0301 0 701 /06 0702 0702 0801 0301 1501 02 0 1 /0 2 0602 0401 2701
230 P 0301 1101 0401 0401 3501 3501 0101 0103 0501 0501 0201 0401

D 0301 1101 0401 0401 3501 3501 0101 0103 0501 0501 0401 0402
231 P 0101 0301 0701 /06 0704 0801 4402 0301 1101 02 0 1 /0 2 0301 0401 0401

D 0101 0301 0701 /06 0704 0801 4402 0301 1101 0 2 0 1 /0 2 0301 0201 0401
232 P 0 2 01 /09 2402 0304 0702 0702 1501 0401 1501 0301 0602 0401 0401

D 0 2 01 /09 2402 0303 0702 0702 1501 0401 1501 0301 0602 0401 0402
233 P 0101 2601 0102 0701 /06 0801 2705 0101 0101 0501 0501 0201 0401

D 0101 2601 0102 0701/06 0801 2705 0101 0101 0501 0501 0401 0402
234 P 0101 1101 0401 0602 3501 5701 0407 0701 0302 0303 0401 0501

D 0101 1101 0401 0602 3501 5701 0407 0701 0301 0303 0202 0301
235 P 0 2 01 /09 2402 0602 0202 0801 1302 0301 0701 02 0 1 /0 2 0201 /02 0401 0401

D 02 0 1 /0 9 2402 0602 0701 /06 0801 1302 0301 0701 02 0 1 /0 2 0201 /02 0101 0401
236 P 0 2 01 /09 2501 0501 1203 1801 4402 0401 0401 0301 0302 0401 0401

D 0 2 01 /09 2501 0501 1203 1801 4402 0401 0401 0301 0301 0101 0401
237 P 0101 0101 0701 /06 0701/06 0801 0801 0301 1302 02 0 1 /0 2 0604 0301 0301

D 0101 0101 0 701 /06 0701 /06 0801 0801 0301 1302 02 0 1 /0 2 0604 0201 0401
238 P 0 201 /09 0 201 /09 0602 0702 0702 5701 0701 1501 0303 0602 0401 0401

D 0 2 01 /09 0201 /09 0602 0702 0702 5701 0701 1501 0303 0602 0401 0901
239 P 0101 0201 /09 0701 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0201 /02 0101 0301

D 0101 0201 /09 0701 /06 1601 0801 4403 0301 0701 0 2 0 1 /0 2 0201 /02 0402 1101
240 P 0101 0201 /09 0202 0702 0702 2705 0901 1501 0303 0602 0401 0402

D 0101 0201 /09 0202 0702 0702 2705 0901 1501 0303 0602 0401 1601
241 P 0101 0201 /09 0701 /06 0702 0702 0801 0301 0401 02 0 1 /0 2 0301 0401 0401

D 0101 0201 /09 0701 /06 0702 0702 0801 0301 0401 0 2 0 1 /0 2 0301 1301 5401
242 P 0101 0201 /09 0501 0701/06 0801 4402 0401 0404 0301 0302 0401 1501

D 0101 0201 /09 0501 0701 /06 0801 4402 0401 0404 0301 0302 0202 0401
243 P 0101 2501 0701 /06 1203 0801 1801 0301 1501 02 0 1 /0 2 0602 0301 0401

D 0101 2501 0701 /06 1203 0801 1801 0301 1501 0 2 0 1 /0 2 0602 0201 0301
244 P 0101 0301 0102 0701 /06 0801 2705 0101 0301 0 201 /02 0501 0401 1401

D 0101 0301 0102 0701 /06 0801 2705 0101 0301 02 0 1 /0 2 0501 0401 1601
245 P 0302 2402 0401 0602 3502 5701 0701 1104 0301 0303 0401 0401

D 0301 2402 0401 0602 3502 5701 0701 1104 0301 0303 0301 0401
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DQBl HLA-DPBI
246 P 0101 0201 /09 0602 0702 0702 5701 0701 1501 0303 0602 0401 0401

D 0101 0 201 /09 0602 0702 0702 5701 0701 1501 0303 0602 0201 0401
247 P 2402 6801 0303 0704 1501 4402 0101 0101 0501 0501 0402 1501

D 2402 6801 0303 0102 1501 4402 0101 0101 0501 0501 0201 0401
248 P 0 2 01 /09 0201 /09 0501 0702 3901 4402 0401 0801 0301 0402 0401 2001

D 0 201 /09 0201 /09 0501 0702 3901 4402 0401 0801 0301 0402 0201 0401
249 P 0201 /09 0301 0501 0702 0702 4402 0401 0407 0301 0302 0301 1001

D 0 2 01 /09 0301 0501 0702 0702 4402 0401 0407 0301 0301 0301 0401
250 P 0101 1101 0303 0602 5501 5701 0101 0301 0201/02 0501 0301 0402

D 0101 0 2 01 /09 0303 0602 5501 5701 0101 0301 0 201 /02 0501 0101 0401
251 P 0 2 01 /09 0301 0102 0401 2705 3508 0101 0701 0201/02 0501 0401 1001

D 0 2 01 /09 0301 0102 0401 2705 3501 0101 0701 0 201 /02 0501 0101 0401
252 P 0101 6801 0304 0701/06 0801 4001 0301 0401 0201 /02 0301 0301 0401

D 0101 6801 0304 0701 /06 0801 4001 0301 0401 0201 /02 0301 0201 0401
253 P 0 2 01 /09 0 2 01 /09 0304 0702 0702 1501 0401 1501 0302 0602 0301 0401

D 0 2 01 /09 0 2 01 /09 0304 0702 0702 1501 0401 1501 0302 0602 0401 0401
254 P 0101 0301 0602 0701/06 0801 3701 0301 1001 0201 /02 0501 0201 0401

D 0101 0301 0602 0701 /06 0801 3701 0301 1001 0 2 01 /02 0501 0401 0402
255 P 02 0 1 /0 9 2902 0702 0501 0702 4402 0401 1501 0301 0602 0401 0401

D 0 2 01 /09 2902 0702 1601 0702 4403 0401 1501 0301 0602 0401 0401
256 P 0201 /09 0301 0401 0702 0702 1501 0404 1501 0302 0602 0401 0401

D 0 201 /09 0301 0302 0702 0702 1501 0404 1501 0302 0602 0201 0401
257 P 0101 3001 0602 0701 /06 0801 1302 0301 0701 0201 /02 0201 /02 0401 0401

D 0101 3001 0602 0701 /06 0801 1302 0301 0701 0201 /02 0 201/02 0301 1701
258 P 1101 2402 0303 0702 0702 1501 1501 1501 0602 0602 0401 0401

D 1101 2402 0303 0702 0702 1501 1501 1501 0602 0602 0401 0401
259 P 1101 2402 0401 0702 0702 3501 0101 1301 0501 0603 0201 0401

D 1101 2402 0401 0702 0702 3501 0101 1301 0501 0603 0301 0402
260 P 2402 2902 0701 /06 1601 1801 4403 0404 0701 0201 /02 0302 0201 1101

D 2402 2902 0 701 /06 1601 1801 4403 0404 0701 0201 /02 0302 0201 0401
261 P 0101 0201 /09 0701 /06 0701 /06 0801 0801 0301 0301 0201/02 0201 /02 0401 0401

D 0101 0201 /09 0701 /06 0701/06 0801 0801 0301 0301 0201 /02 0 2 01 /02 0401 0501
262 P 0201 /09 2902 0702 1601 0702 4403 0701 1501 0201/02 0602 0401 0501

D 0 201 /09 2902 0702 1601 0702 4403 0701 1501 0201 /02 0602 0401 0401
263 P 0201 /09 2902 0501 0702 0702 4402 0101 1501 0501 0602 0401 1401

D 0 201 /09 2902 1601 0702 0702 4403 0101 1501 0501 0602 0401 1001
264 P 0201 /09 0 2 01 /09 0202 0702 0702 2705 0401 1501 0302 0602 0301 0401

D 0 201 /09 0201 /09 0303 0702 0702 2705 0401 1501 0302 0602 0501 1001
265 P 0 201 /09 0201 /09 0304 0702 0702 1501 0101 1501 0501 0602 0301 0401

D 0201 /09 0201 /09 0304 0702 0702 1501 0101 1501 0501 0602 0301 0401
266 P 0 201 /09 2402 0602 0602 1302 5702 0701 0701 0201 /02 0303 0401 0401

D 02 0 1 /0 9 2402 0602 0602 1302 5702 0701 0701 0201 /02 0303 0301 0401
267 P 0101 1101 0602 1601 4403 5701 0701 1501 0201 /02 0602 0101 0401

D 0101 1101 0602 1601 4403 5701 0701 1501 0201 /02 0602 0101 2301
268 P 0101 2402 0303 0701/06 0801 5501 0301 0301 0201 /02 0201 /02 0301 1501

D 0101 2402 0303 0701/06 0801 5501 0301 0301 0201 /02 0201 /02 0101 0401
269 P 0201 /09 1101 0501 0701 /06 0801 4402 0301 1501 0201 /02 0602 0201 0401

D 0 201 /09 1101 0501 0701 /06 0801 4402 0301 1501 0 2 01 /02 0602 0201 0401
270 P 0301 2402 0602 0702 3701 3906 0801 1501 0402 0602 0401 0401

D 0101 2402 0602 0702 3701 3906 0801 1501 0402 0602 0201 0401
271 P 0301 3201 0303 0702 0702 1501 1301 1501 0602 0602 0401 0401

D 0301 3201 0303 0702 0702 1501 1301 1501 0602 0603 0201 0401
272 P 0 201 /09 0301 0702 0702 0702 0702 1501 1501 0602 0602 0401 0401

D 0201 /09 0301 0702 0702 0702 0702 1501 1501 0602 0602 0401 0401
273 P 0101 0201 /09 0102 0304 2709 4001 0404 1101 0301 0302 0402 0601

D 0101 0 2 01 /09 0202 0304 2709 4001 0404 1101 0301 0302 0301 0601
274 P 0 201 /09 0201 /09 1601 1601 1501 1501 1501 1501 0602 0602 0401 0401

D 0201 /09 0201 /09 0304 0304 1501 1501 1501 1501 0602 0602 0401 0401
275 P 0201 /09 2501 0701 /06 1203 0801 3801 0301 0701 0201 /02 0201 /02 0401 0401

D 02 01 /09 2501 0701 /06 1203 0801 3901 0301 0701 0201 /02 0201 /02 0401 1701
276 P 0301 0301 0401 0702 0702 3501 0101 0404 0302 0501 0201 0301

D 0301 0301 0401 0702 0702 3501 0101 0404 0302 0501 0201 1001
277 P 0101 0201 /09 0102 0701 /06 0801 1501 0101 0401 0302 0501 0401 0402

D 0101 0 201 /09 0304 0701 /06 0801 1501 0101 0401 0302 0501 0301 0401
278 P 0201 /09 0 2 01 /09 0304 0602 1302 4001 1302 1501 0602 0604 0401 0401

D 0 201 /09 0 2 01 /09 0304 0602 1302 4001 1302 1501 0602 0604 0401 0401
279 P 0301 3101 0102 1502 2709 5101 0101 0103 0301 0501 0401 0401

D 0301 0 201 /09 0102 0102 2709 5101 0101 0103 0301 0501 0301 0401
280 P 0101 0201 /09 0304 0701/06 0801 1501 0301 0401 0201/02 0302 0101 0401

D 0101 0201 /09 0304 0701 /06 0801 1501 0301 0401 0 2 01 /02 0302 0401 1101
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
281 P 0101 0201 /09 0304 0701/06 0801 1801 0301 0301 0201 /02 0201/02 0201 0202

D 0101 0201 /09 0501 0701 /06 0801 1801 0301 0301 0201 /02 0201 /02 0101 0202
282 P 0101 6801 0701 /06 0704 0801 4402 0301 1302 0201/02 0604 0402 0402

D 0101 6801 0701 /06 0704 0801 4402 0301 1302 0201 /02 0604 0101 0402
283 P 0101 0201 /09 0701 /06 0702 0702 0801 0101 1501 0501 0602 0401 0401

D 0101 0 2 01 /09 0701 /06 0702 0702 0801 0101 1501 0501 0602 0401 0401
284 P 0101 2402 0303 0602 1302 1501 0701 1301 0201/02 0603 0401 0401

D 0101 2402 0303 0602 1302 1524 0701 1301 0201 /02 0603 0401 0401
285 P 2501 2902 1203 1601 3901 4403 0701 1101 0201 /02 0301 0501 1101

D 2501 2902 1203 1601 3901 4403 0701 1101 0 201 /02 0301 0401 0401
286 P 0 2 01 /09 0201 /09 0701 /06 0702 0702 1801 0101 1104 0301 0501 0201 0402

D 02 0 1 /0 9 0201 /09 0701 /06 0702 0702 1801 0101 1104 0301 0501 0201 0402
287 P 0 2 01 /09 0301 0702 0802 0702 1402 0101 0401 0301 0501 0401 0401

D 0 2 01 /09 0301 0702 0802 0702 1402 0101 0401 0301 0501 0201 0401
288 P 0301 3001 0602 0802 1302 1402 0701 1302 0201 /02 0604 0301 0402

D 0301 3001 0602 0802 1302 1402 0701 1302 0201 /02 0604 0301 1701
289 P 0 2 01 /09 3201 0602 1601 4403 4403 0701 0701 0201 /02 0201 /02 1101 1301

D 02 0 1 /0 9 3201 0501 1601 4402 4403 0701 0701 0201 /02 0201 /02 0401 1501
290 P 0101 0 201 /09 0701 /06 0702 0702 0801 0101 0103 0501 0501 0401 0402

D 0101 0201 /09 0 701 /06 0702 0702 0801 0101 0103 0501 0501 0401 0401
291 P 0301 2402 0501 0802 1401 4402 0401 1501 0301 0602 0301 0401

D 0301 2402 0501 0802 1402 4402 0401 1501 0301 0602 0401 0401
292 P 0 201 /09 0201 /09 0202 0304 4001 4002 1101 1302 0301 0604 0301 1001

D 02 0 1 /0 9 0201 /09 0202 0304 4001 4002 1101 1302 0301 0604 0401 0402
293 P 0101 3001 0602 0701 /06 0801 1302 0301 0701 0201/02 0201/02 0401 0401

D 0101 3001 0602 0701 /06 0801 1302 0301 0701 0201 /02 0201 /02 0101 0402
294 P 0 201 /09 0301 0702 1601 0702 4403 0701 1501 0201 /02 0602 0201 0401

D 0 201 /09 0301 0702 1601 0702 4403 0701 1501 0 201 /02 0602 0401 1101
295 P 02 0 1 /0 9 0301 0501 0702 0702 4402 0301 0401 0201 /02 0301 0301 0401

D 0 201 /09 0301 0501 0702 0702 4402 0301 0401 0 201 /02 0301 0301 2001
296 P 0 201 /09 6801 0501 1502 4402 5102 0401 1301 0301 0603 0301 1001

D 02 0 1 /0 9 6801 0501 1502 4402 5102 0401 1301 0301 0603 0401 0401
297 P 2601 2902 0202 1601 2705 4403 0404 0701 0 201 /02 0302 0201 1101

D 2601 2902 0102 1601 2705 4403 0404 0701 0201 /02 0302 0401 0402
298 P 0101 0301 0602 0702 0702 5701 1501 1501 0602 0602 0401 0401

D 0101 0301 0602 0702 0702 5701 1501 1501 0602 0602 0401 0401
299 P 02 0 1 /0 9 3301 0501 0802 1402 4402 0102 0401 0301 0501 0401 0901

D 02 0 1 /0 9 3301 0501 0802 1402 4402 0102 0401 0301 0501 0401 0401
300 P 0301 0301 0702 0702 0702 0702 0101 1501 0501 0602 0401 0401

D 0301 0301 0702 0702 0702 0702 0101 1501 0501 0602 0401 1001
301 P 0101 0101 0401 0701 /06 0801 3501 0301 1501 0201 /02 0602 0201 0301

D 0101 0101 0401 0701 /06 0801 3501 0301 1501 0 201 /02 0602 0401 0401
302 P 0 201 /09 0301 0102 0702 0702 2705 0101 1501 0501 0602 0401 0401

D 0 201 /09 0301 0102 0702 0702 2705 0101 1501 0501 0602 1401 2301
303 P 0101 6801 0701 /06 0702 0801 4001 0301 0407 0201 /02 0301 0101 0301

D 0101 6801 0701 /06 0304 0801 4001 0301 0401 0201 /02 0301 0101 0401
304 P 0101 0301 0701/06 0702 0702 0801 1501 1501 0602 0602 0401 0401

D 0101 0301 0 7 01 /06 0702 0702 0801 1501 1501 0602 0602 0401 0401
305 P 02 01 /09 0201/09 0602 0702 0702 5701 0701 1501 0303 0602 0201 0401

D 0 201 /09 0201 /09 0602 0702 0702 5701 0701 1501 0303 0602 0201 0401
306 P 0 201 /09 1101 0401 1602 3501 5101 0701 1301 0 201 /02 0603 0301 0401

D 02 0 1 /0 9 1101 0401 0501 3501 5101 0701 1301 0201 /02 0603 0201 1901
307 P 02 01 /09 2902 0702 1601 0702 4403 0701 1501 0 2 01 /02 0602 0501 2801

D 0 201 /09 2902 0702 1601 0702 4403 0701 1501 0 201 /02 0602 0401 1101
308 P 0101 0301 0303 0701/06 0801 1501 0101 0301 0201 /02 0501 0201 0202

D 0101 0301 0304 0 701/06 0801 1501 0101 0301 0 2 01 /02 0501 0901 1301
309 P 0 2 01 /09 0301 0304 0702 0702 4001 1302 1501 0602 0604 0201 0402

D 0 201 /09 0301 0304 0702 0702 4001 1302 1501 0602 0604 0401 1701
310 P 0101 0201/09 0304 0701/06 0801 4001 0101 0301 0201 /02 0501 0101 0401

D 0101 0201 /09 0304 0701 /06 0801 4001 0101 0301 0 2 01 /02 0501 0401 1101
311 P 2402 2601 0602 1601 4403 4501 0701 0701 0201 /02 0201/02 0101 0402

D 2402 2601 0602 1601 4403 4501 0701 0701 02 0 1 /0 2 0 201 /02 0301 0402
312 P 0101 0201/09 0501 0501 4402 4402 0401 0401 0301 0302 0401 0402

D 0101 0201 /09 0501 0501 4402 4402 0401 0401 0301 0302 0201 0401
313 P 0 2 01 /09 2402 0602 0702 1302 3906 0101 1101 0301 0501 0301 0401

D 02 0 1 /0 9 2402 0304 0702 1302 3906 0101 1101 0301 0501 0301 1001
314 P 0101 0301 0602 0802 1402 5001 0102 0701 0 201 /02 0501 0301 0301

D 0101 0301 0602 0802 1402 5001 0102 0701 02 01 /02 0501 0301 0401
315 P 0 2 01 /09 0301 0202 0802 1402 5101 1101 1302 0301 0609 0101 0401

D 02 0 1 /0 9 0301 0202 0802 1402 5101 1101 1302 0301 0609 0402 1001
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
316 P 0 2 01 /09 0301 0303 0702 0702 1501 0401 1501 0302 0602 0301 0401

D 0201 /09 0301 0304 0702 0702 1501 0401 1501 0302 0602 0401 0401
317 P 0301 0301 0701 /06 0702 0702 0801 0301 1501 0 2 01 /02 0602 0101 0401

D 0301 0301 0 701 /06 0702 0702 0801 0301 1501 02 0 1 /0 2 0602 0201 0201
318 P 0 2 01 /09 0301 0304 0501 4001 4402 0401 0401 0301 0301 0201 0401

D 0 2 01 /09 0301 0304 0501 4001 4402 0401 0401 0301 0301 0301 0401
319 P 0201 /09 2301 0401 0802 1401 4403 0701 0701 0 201 /02 0201/02 0202 0402

D 0 2 01 /09 2301 0401 0802 1401 4403 0701 0701 0 2 0 1 /0 2 0201 /02 0301 0401
320 P 0 2 01 /09 3301 0702 0802 0702 1402 0101 0102 0501 0501 0101 0201

D 0 201 /09 3301 0702 0802 0702 1402 0101 0102 0501 0501 0401 0401
321 P 0101 0201 /09 0701 /06 0702 0702 0801 0301 1501 02 0 1 /0 2 0602 0101 0402

D 0101 0 2 01 /09 0701 /06 0702 0702 0801 0301 1501 0 2 0 1 /0 2 0602 0401 0401
322 P 0 2 01 /09 2402 0202 0202 2702 2705 1101 1501 0301 0602 0401 0402

D 02 0 1 /0 9 2402 0202 1601 2705 2705 1101 1501 0301 0602 0201 0401
323 P 0301 0301 0702 0702 0702 0702 1501 1501 0602 0602 0401 0402

D 0301 0301 0702 0702 0702 0702 1501 1501 0602 0602 0401 0401
324 P 0201 /09 0201 /09 0202 0702 0702 2705 0101 1301 0501 0603 0401 0401

D 0 201 /09 0201 /09 0202 0702 0702 2705 0101 1301 0501 0603 0201 0401
325 P 0101 0201 /09 0602 1203 3501 5701 0701 1401 0303 0503 0401 0402

D 0101 0201 /09 0602 0401 3501 5701 0701 1401 0303 0503 0401 0401
326 P 0301 2601 1203 1203 3801 3801 1301 1302 0603 0609 0201 0201

D 0301 2601 1203 1203 3801 3801 1301 1302 0603 0609 0402 1001
327 P 0101 3201 0501 0 701 /06 0801 1801 0301 0301 02 0 1 /0 2 0201 /02 0202 0401

D 0101 3201 0501 0 701 /06 0801 1801 0301 0301 0 2 0 1 /0 2 0201 /02 0401 0402
328 P 0101 2402 0303 0702 0702 5501 1401 1501 0503 0602 0401 0401

D 0101 2402 0303 0702 0702 5501 1401 1501 0503 0602 0401 0401
329 P 0101 0301 0702 0602 0702 5701 0701 1501 0303 0602 0401 0401

D 0101 0301 0702 0602 0702 5701 0701 1501 0303 0602 0401 1401
330 P 0101 0201 /09 0701 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0201/02 0402 1101

D 0101 0201 /09 0 7 01 /06 1601 0801 4403 0301 0701 02 0 1 /0 2 0201 /02 0201 1101
331 P 0 201 /09 0201 /09 0303 0501 1501 4402 1103 1301 0301 0603 0401 2001

D 0 201 /09 0201 /09 0303 0501 1501 4402 1103 1301 0301 0603 0401 0401
332 P 0101 2402 0302 0 701 /06 0801 4001 0101 0301 0 201 /02 0501 0401 2001

D 0101 2402 0302 07 0 1 /0 6 0801 4001 0101 0301 02 0 1 /0 2 0501 0201 0201
333 P 0 201 /09 0201 /09 0304 0401 4001 4403 0701 1302 02 0 1 /0 2 0604 0301 0401

D 0 201 /09 0 201 /09 0304 0401 4001 4403 0701 1302 02 0 1 /0 2 0604 0201 0201
334 P 0101 2402 0701 /06 0202 0801 5101 0301 0701 02 0 1 /0 2 0201/02 0301 0401

D 0101 2402 0 701 /06 0202 0801 5101 0301 0701 0 2 0 1 /0 2 0201 /02 0401 0401
335 P 0 201 /09 2402 0202 0501 4402 5101 1101 1501 0301 0602 0201 0401

D 0 201 /09 2402 0202 0501 4402 5101 1101 1501 0301 0602 0401 0401
336 P 0201 /09 1101 0701 /06 1601 0801 4403 0701 0701 02 0 1 /0 2 0303 0401 1101

D 0 201 /09 0101 0701 /06 1601 0801 4403 0701 0701 02 0 1 /0 2 0303 0401 0401
337 P 0301 0302 0 7 01 /06 0702 0702 4901 1302 1501 0602 0604 0201 0201

D 0301 0302 07 0 1 /0 6 0702 0702 4901 1302 1501 0602 0604 0201 0402
338 P 0 201 /09 0301 0501 0802 1402 4402 0401 0701 02 0 1 /0 2 0301 0401 1501

D 0 201 /09 0301 0501 0802 1402 4402 0401 0701 0 2 0 1 /0 2 0301 1301 1601
339 P 0301 3301 0701 /06 0702 0702 4901 0101 1501 0501 0602 0201 0402

D 0301 3101 0 7 01 /06 0702 0702 4901 0101 1501 0504 0601 0401 2001
340 P 0201 /09 2601 0702 0702 0801 0801 0301 0301 02 0 1 /0 2 0201 /02 0101 0301

D 0 201 /09 2601 0702 0702 0801 0801 0301 0301 0 2 0 1 /0 2 0201 /02 0401 1401
341 P 0101 0201 /09 0701/06 0702 0702 0801 0301 0401 02 0 1 /0 2 0301 0401 0401

D 0101 0201 /09 0 7 01 /06 0702 0702 0801 0301 0401 02 0 1 /0 2 0301 0401 0401
342 P 0 2 01 /09 6802 0304 0802 1402 1501 0401 1303 0301 0302 0401 0401

D 0 201 /09 6802 0304 0802 1402 1501 0401 1303 0301 0302 0201 0401
343 P 0101 2601 0303 1601 4403 5501 0701 1401 02 0 1 /0 2 0503 0401 1101

D 0101 2901 0303 1601 4403 5501 0701 1401 02 0 1 /0 2 0503 0401 1101
344 P 0101 0201 /09 0602 07 0 1 /0 6 0801 1302 0404 0701 02 0 1 /0 2 0302 0402 1701

D 0101 0201 /09 0602 0 7 01 /06 0801 1302 0404 0701 0 2 0 1 /0 2 0302 0201 0501
345 P 1101 6801 0304 0401 3501 4001 0103 1302 0501 0604 0301 0402

D 1101 6801 0304 0401 3501 4001 0103 1302 0501 0604 0401 0401
346 P 0101 2402 0602 0602 5701 5701 0701 0701 02 0 1 /0 2 0303 0301 0401

D 0101 2402 0602 0602 5701 5701 0701 0701 0303 0303 0301 0401
347 P 0201 /09 3201 0501 0802 1401 4402 0401 0701 02 0 1 /0 2 0301 0201 0401

D 0201 /09 3201 0501 0802 1401 4402 0401 0701 0 2 0 1 /0 2 0301 0201 0401
348 P 0 2 01 /09 0301 0401 0702 0702 3501 0101 1501 0501 0602 0401 0401

D 0 2 01 /09 0301 0401 0702 0702 3501 0101 1501 0501 0602 0402 0501
349 P 0201 /09 0301 0501 0702 0702 4402 0101 1501 0501 0602 0201 0401

D 0201 /09 0301 0501 0702 0702 4402 0101 1501 0501 0602 0301 0601
350 P 0201 /09 0201 /09 0304 0 7 01 /06 0801 4001 0301 0901 02 0 1 /0 2 0303 0101 0401

D 0 2 01 /09 0201 /09 0304 0 7 0 1 /0 6 0801 4001 0301 0901 02 0 1 /0 2 0303 0401 0501
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBI HLA-DPBI
351 P 0301 6801 0303 0501 1501 3501 0101 1301 0501 0603 0401 1901

D 0301 6802 0303 0 701/06 1501 3501 0101 1301 0501 0602 0201 0402
352 P 0101 0201 /09 0702 0702 0702 0702 0103 1501 0501 0602 0401 1301

D 0101 0 201 /09 0702 0702 0702 0702 0103 1501 0501 0602 0201 0401
353 P 0101 0201 /09 0401 0701/06 0801 3501 0301 0401 0201 /02 0302 0101 0401

D 0101 0 201 /09 0401 0701 /06 0801 3503 0301 0401 0201 /02 0302 0401 0401
354 P 0201 /09 0301 0701 /06 0702 0702 0801 0301 0401 0201 /02 0301 0101 0401

D 0201 /09 0301 0 701 /06 0702 0702 0801 0301 0401 0201 /02 0301 0301 0402
355 P 0201 /09 6802 0401 0501 4402 5301 0401 1302 0301 0604 0401 1001

D 0201 /09 6802 0401 0501 4402 5301 0401 1302 0301 0604 0401 0401
356 P 0201 /09 3301 0304 0702 0801 5801 0301 1302 0201/02 0604 1301 1401

D 0 201 /09 3301 0304 0701 /06 0801 5801 0301 1302 0201 /02 0604 0101 0401
357 P 0201 /09 2501 0702 1203 1801 3901 0101 0101 0501 0501 0401 1001

D 0 201 /09 2501 0702 1203 1801 3906 0101 0101 0501 0501 0401 0402
358 P 0201 /09 6801 0501 0704 4402 4402 0701 1302 0201 /02 0604 0201 0401

D 0 201 /09 6801 0501 0704 4402 4402 0701 1302 0201 /02 0604 0402 0601
359 P 0101 0201 /09 0304 1203 3901 4001 0901 1302 0303 0604 0301 0401

D 1101 0201 /09 0304 1203 3901 4001 0901 1302 0303 0604 0401 0401
360 P 2402 2601 0501 0702 0702 4402 1104 1501 0301 0602 0401 0901

D 2402 2601 0501 0702 0702 4402 1104 1501 0301 0602 0402 0402
361 P 0101 0301 0701 /06 0802 0801 1402 0301 0404 0201 /02 0302 0101 0601

D 0101 0301 0701 /06 0802 0801 1402 0301 0404 0 201 /02 0302 0401 0601
362 P 0 2 01 /09 0301 0602 0702 0702 5001 0101 0701 0201 /02 0501 0301 0401

D 0205 0301 0602 0702 0702 5001 0101 0701 0201/02 0501 0201 0401
363 P 0101 2402 0701 /06 0702 0702 0801 0301 1401 0 201/02 0503 0401 0402

D 0101 2402 0701 /06 0702 0702 0801 0301 1401 0201 /02 0503 0401 0401
364 P 0 2 01 /09 2902 0501 1601 4402 4403 0401 0701 0201 /02 0301 0401 0401

D 0 2 01 /09 2902 0501 1601 4402 4403 0401 0701 0201 /02 0301 0101 0101
365 P 0 2 01 /09 2402 0202 0501 2702 4402 0401 1301 0301 0603 0201 0401

D 0201 /09 2402 0202 0501 2705 4402 0401 1301 0301 0603 0401 0501
366 P 0101 3201 0401 0602 3501 5701 0701 1301 0303 0603 0201 0402

D 0101 3201 0401 0602 3501 5701 0701 1301 0303 0603 0401 0401
367 P 0101 02 01 /09 0602 0602 5701 5701 0101 0701 0303 0501 0401 0401

D 0101 0201 /09 0602 0602 5701 5701 0101 0701 0303 0501 0401 0401
368 P 0201 /09 0205 0102 0602 1501 5001 0701 1501 0201/02 0602 0301 0401

D 0201 /09 0205 0303 0602 1501 5001 0701 1501 0201 /02 0602 0301 0501
369 P 0101 2402 0304 0701 /06 0801 4001 0301 0401 0201 /02 0302 0201 0301

D 0101 2402 0304 0701 /06 0801 4001 0301 0401 0201 /02 0302 0301 0401
370 P 2601 3301 0802 1203 1402 3801 0102 0402 0302 0501 0301 0401

D 2601 3301 0802 1203 1402 3801 0102 0402 0302 0501 0401 0401
371 P 0 2 01 /09 0301 0304 0702 0702 4001 1501 1501 0602 0602 0401 0401

D 0 2 01 /09 0301 0304 0702 0702 4001 1501 1501 0602 0602 0401 0401
372 P 0201 /09 0301 0501 0702 0702 4402 1301 1401 0503 0603 0901 1601

D 0 201 /09 0301 0501 0702 0702 4402 1301 1401 0503 0603 0301 0901
373 P 0101 0201 /09 0202 0701 /06 0801 2705 0301 0401 0201 /02 0302 0201 0402

D 0101 0201 /09 0202 0701 /06 0801 2705 0301 0401 0201 /02 0302 0301 0402
374 P 0101 3301 0701/06 0802 0801 1402 0102 0401 0302 0501 0301 0401

D 0101 3301 0701 /06 0802 0801 1402 0102 0401 0302 0501 0401 0401
375 P 2402 2501 0501 0702 0702 4402 0401 1501 0301 0602 0301 0401

D 2402 2501 0501 0702 0702 4402 0401 1501 0302 0602 0201 0201
376 P 0101 2902 0303 0701 /06 0801 5501 0301 0803 0201 /02 0301 0401 0401

D 0101 2602 0303 0701 /06 0801 5501 0301 0803 0 201 /02 0301 0101 0401
377 P 0 201 /09 0201 /09 0304 0702 0702 4001 1302 1501 0602 0604 0301 0401

D 0 201 /09 0 2 01 /09 0304 0702 0702 4001 1302 1501 0602 0604 0201 0401
378 P 0301 0301 0202 0702 0702 2705 0301 1501 0201 /02 0602 0401 0402

D 0301 0301 0202 0702 0702 2705 0301 1501 0 201 /02 0602 0101 0402
379 P 0 201 /09 0301 0303 0401 1501 3501 0101 0401 0302 0501 0401 0901

D 0 201 /09 0301 0303 0401 1501 3501 0101 0401 0302 0501 0401 0901
380 P 0201 /09 0201 /09 0304 0501 1501 4402 0407 1401 0301 0503 0201 0301

D 0 201 /09 0 2 01 /09 0303 0704 1501 4402 0407 1401 0301 0503 0201 0301
381 P 0101 6801 0304 0 701 /06 0801 4001 0301 0401 0201 /02 0302 0401 0402

D 0101 6801 0304 0701 /06 0801 4001 0301 0401 0201 /02 0302 0101 0401
382 P 0201 /09 0201 /09 0501 0501 4402 4402 0401 0408 0301 0301 0401 0401

D 0201 /09 0201 /09 0501 0501 4402 4402 0401 0408 0301 0301 0101 0401
383 P 0201 /09 2402 0102 1203 2705 3503 0103 1401 0301 0503 0201 0402

D 0 201 /09 2402 0102 1203 2705 3503 0103 1401 0301 0503 0201 0301
384 P 0 201 /09 6801 0401 0704 1501 4402 1301 1501 0602 0603 0401 0401

D 0 201 /09 6801 0303 0501 1501 4402 1301 1501 0602 0603 0201 0401
385 P 0101 0201 /09 0701 /06 0702 0702 0801 0301 0401 0201 /02 0302 0201 0402

D 0101 0 2 01 /09 0701 /06 0702 0702 0801 0301 0401 0 2 01 /02 0301 0201 0401
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBl HLA-DPBl
386 P 2301 2407 0801 0802 1402 1502 0102 1202 0301 0501 1301 1301

D 3301 2407 0801 0802 1402 1502 0102 1202 0301 0501 0301 0401
387 P 2301 3101 0304 0401 4001 4403 0701 1501 0 2 01 /02 0602 0201 0201

D 2301 3101 0202 0401 4002 4403 0701 1501 02 0 1 /0 2 0602 0401 1301
388 P 0101 0201 /09 0102 0701 /06 0801 2705 0301 0401 0 2 01 /02 0301 0401 0401

D 0101 0 201 /09 0102 0701/06 0801 2705 0301 0401 02 0 1 /0 2 0301 0402 1101
389 P 0201 /09 3101 0304 0702 3901 4001 0101 0404 0302 0501 0101 0601

D 02 0 1 /0 9 3101 0304 0702 3901 4001 0101 0404 0302 0501 0401 0401
390 P 0101 0101 0702 0702 0702 0702 1501 1502 0601 0602 0401 1501

D 0101 0101 0702 0702 0702 0702 1501 1501 0602 0602 0401 0401
391 P 0201 /09 0201 /09 0304 0304 4001 4001 0401 0404 0302 0302 0301 0402

D 0 201 /09 0201 /09 0304 0304 4001 4001 0401 0404 0302 0302 0301 0401
392 P 0301 3201 0802 1502 1401 4002 0401 1401 0301 0503 0401 0401

D 0301 2402 0802 0202 1402 4002 0401 1401 0301 0503 0401 0401
393 P 0101 2402 0202 0701 /06 0801 2705 0101 0301 0 201 /02 0501 0101 0401

D 0101 2402 0202 0701 /06 0801 2705 0101 0301 02 0 1 /0 2 0501 0401 0402
394 P 02 01 /09 0301 0202 0702 0702 4002 0401 1501 0302 0602 0401 0401

D 0 201 /09 0301 0202 0702 0702 4002 0401 1501 0302 0602 0401 0401
395 P 02 01 /09 0201 /09 0102 0602 2705 5701 0103 0701 0301 0303 0401 1001

D 0 2 01 /09 0 201 /09 0102 0602 2705 5701 0103 0701 0301 0303 0601 1301
396 P 0101 2601 0602 1203 3801 5701 0402 1305 0301 0302 0401 0401

D 0101 2601 0602 1203 3801 5701 0402 1305 0301 0302 0401 0401
397 P 2901 3101 1203 1601 3901 4403 0401 1401 0302 0503 0201 0402

D 2901 3201 1203 1601 3901 4403 0401 1401 0302 0503 0201 0401
398 P 0301 2402 0702 0702 0702 0702 1201 1501 0301 0602 0401 1601

D 0301 2402 0702 0702 0702 0702 1201 1501 0301 0602 0401 0401
399 P 0201 /09 2902 0701/06 1601 1801 4403 0401 1104 0301 0301 0401 0402

D 02 01 /09 2902 0701 /06 1601 1801 4403 0401 1104 0301 0301 0401 0402
400 P 0101 0201 /09 0602 0602 1302 5001 0701 0701 0 2 01 /02 0201/02 0201 0601

D 0101 0 201 /09 0602 0602 1302 5001 0701 0701 0 2 0 1 /0 2 0 201 /02 0401 0601
401 P 0301 3101 0401 0702 0702 4403 0701 1501 0 2 01 /02 0602 0401 1301

D 0301 3101 1601 0702 0702 4403 0701 1501 02 0 1 /0 2 0602 0101 0401
402 P 0201 /09 0301 0702 0702 0702 0702 0301 1501 02 01 /02 0602 0401 0401

D 0201 /09 0301 0702 0702 0702 0702 0301 1501 02 0 1 /0 2 0602 0301 0401
403 P 0301 1101 0702 0702 0702 0702 1301 1501 0602 0603 0201 0401

D 0301 1101 0702 0702 0702 0702 1301 1501 0602 0603 0401 0901
404 P 0101 0301 0701 /06 0702 0702 0801 0103 0301 0 201 /02 0301 0401 0402

D 0101 0301 0701 /06 0702 0702 0801 0103 0301 02 0 1 /0 2 0301 0401 0901
405 P 0301 2901 0702 1601 0702 4403 0407 1501 0301 0602 0301 0301

D 0301 2902 0702 1601 0702 4403 0407 1501 0301 0602 0201 0301
406 P 0 2 01 /09 3201 0602 0702 0702 5701 0701 1501 0303 0602 0401 0401

D 0 2 01 /09 3201 0602 0702 0702 5701 0701 1501 0303 0602 0401 0401
407 P 0101 1101 0701/06 0701/06 0801 1801 0301 0403 0 201 /02 0302 0301 0401

D 0101 1101 0701 /06 0701 /06 0801 1801 0301 0403 0 2 01 /02 0302 0402 0301
408 P 0101 2402 0401 0701 /06 0801 3501 0101 0301 0 2 01 /02 0501 0101 0402

D 0101 2402 0401 0701 /06 0801 3501 0101 0301 0 2 01 /02 0501 0402 0402
409 P 0301 3201 0304 0401 3501 4001 0101 0404 0302 0501 0201 0402

D 0301 3201 0304 0401 3501 4001 0101 0404 0302 0501 0301 0401
410 P 0101 2901 0602 1601 4403 5701 0701 0701 0 2 01 /02 0201 /02 0201 0402

D 0101 2901 0602 1601 4403 5701 0701 0701 0 2 01 /02 0303 0402 0601
411 P 0101 6601 0602 0701/06 4901 5701 0701 1302 0303 0604 0402 1301

D 0101 2301 0602 0701 /06 4901 5701 0701 1302 0303 0604 0101 0401
412 P 0101 1101 0401 0701 /06 0801 1501 0101 0301 0201 /02 0501 0401 0901

D 0101 1101 0401 0701 /06 0801 1501 0101 0301 0 201 /02 0501 0401 0901
413 P 0 201 /09 0301 0602 0702 0702 3701 1301 1501 0602 0603 0401 0401

D 0201 /09 0301 0602 0702 0702 3701 1301 1501 0602 0603 0201 0401
414 P 0101 0101 0701/06 0701/06 0801 0801 0301 0301 02 0 1 /0 2 0201 /02 0201 0201

D 0101 0101 0701/06 0701 /06 0801 0801 0301 0301 0 201 /02 0201 /02 0301 0401
415 P 0 201 /09 0301 0702 0702 0702 0702 1101 1501 0301 0602 0401 0401

D 0 201 /09 0301 0702 0702 0702 0702 1101 1501 0301 0602 0201 0401
416 P 0 201 /09 0201 /09 0701 /06 1502 0801 5101 0301 1101 0 201 /02 0301 0301 0401

D 0 201 /09 0201 /09 0701/06 0202 0801 5101 0301 1101 02 0 1 /0 2 0301 0401 0401
417 P 0101 0101 0701/06 0701/06 0801 0801 0301 0301 0 201 /02 0201 /02 0101 0101

D 0101 0101 0701 /06 0 701 /06 0801 0801 0301 0301 02 0 1 /0 2 0201 /02 0401 0401
418 P 0 201 /09 2402 0303 0501 1501 4402 0101 1301 0501 0603 0201 0402

D 0 201 /09 2402 0303 0501 1501 4402 0101 1301 0501 0603 0401 0501
419 P 0101 0301 0501 0701 /06 0801 4402 0301 0401 0 201 /02 0302 1001 1501

D 0101 0301 0501 0701 /06 0801 4402 0301 0401 02 0 1 /0 2 0302 0101 0401
420 P 2901 3101 0304 1502 4001 5101 0404 0701 0302 0303 0401 0601

D 3101 3101 0304 1502 4001 5101 0404 0701 0302 0303 0401 0401
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P/D Pair ID HLA-A HLA-C HLA-B HLA-DRBI HLA-DOBl HLA-DPBl
421 P 0201 /09 2402 0701 /06 0702 0702 4901 1501 0405 0302 0602 0201 0201

D 0201 /09 2402 0701 /06 0702 0702 4901 1501 0405 0301 0602 0201 0601

422 P 0201 /09 0201 /09 0303 0303 1501 1501 0301 0401 02 0 1 /0 2  0302 0401 0401
D 0 201 /09 0201/09 0303 0304 1501 1501 0301 0401 0 2 0 1 /0 2  0302 0401 0401

423 P 0201 /09 2402 0702 0802 0702 1401 0401 0701 02 0 1 /0 2  0302 0401 0402
D 0 201 /09 2402 0702 0802 0702 1401 0401 0701 0 2 0 1 /0 2  0302 0301 0401
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Appendix 6: Allele frequencies for each HLA locus in 423 pairs

HLA-A allele frequency 
HLA-B allele frequency 
HLA-C allele frequency 
HLA-DRBI allele frequency 
HLA-DQB1 allele frequency
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Allele frequency of HLA-B alleles in 423 patients and donors

Allele Patients Donors
Number

Observed
Allele

Frequency
Number

Observed
Allele

Frequency
B*0702 155 0.1832 154 0.1820
B*0801 145 0.1714 145 0.1714
B*4402 101 0.1194 100 0.1182
B*4403 47 0.0556 49 0.0579
B*4001 45 0.0532 46 0.0544
B*1501 45 0.0532 44 0.0520
B*5701 34 0.0402 34 0.0402
B*1801 27 0.0319 27 0.0319
B*2705 27 0.0319 29 0.0343
B*1402 26 0.0307 28 0.0331
B*3501 26 0.0307 27 0.0319
B*1302 25 0.0296 25 0.0296
B*5101 22 0.0260 22 0.0260
B*3503 18 0.0213 19 0.0225
B*1401 13 0.0154 10 0.0118
B*3801 10 0.0118 8 0.0095
B*5001 9 0.0106 9 0.0106
BM901 9 0.0106 9 0.0106
B*5501 8 0.0095 9 0.0106
B*3901 7 0.0083 9 0.0106
B*3701 6 0.0071 5 0.0059
B*4501 4 0.0047 4 0.0047
B*3906 4 0.0047 4 0.0047
B*3502 4 0.0047 4 0.0047
B*3508 3 0.0035 1 0.0012
B*4002 3 0.0035 4 0.0047
B*0701 2 0.0024 2 0.0024
B*1502 2 0.0024 2 0.0024
B*5801 2 0.0024 1 0.0012
B*5702 2 0.0024 2 0.0024
B*5301 2 0.0024 2 0.0024
B*2709 2 0.0024 2 0.0024
B*2702 2 0.0024 - -

B*5601 1 0.0012 1 0.0012
B*1530 1 0.0012 1 0.0012
B*3504 1 0.0012 - -

B*0705 1 0.0012 2 0.0024
B*4701 1 0.0012 1 0.0012
B*1517 1 0.0012 - -

B*1301 1 0.0012 - -

B*5201 1 0.0012 1 0.0012
B*5102 1 0.0012 1 0.0012
B*1524 - - 1 0.0012
B*5802 - - 1 0.0012
B*3506 - - 1 0.0012
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Allele frequency of HLA-C alleles in 423 patients and donors

Allele Patients Donors
Number Allele Number Allele

Observed Frequency Observed Frequency
Cw*0702 165 0.1950 164 0.1939
Cw*0701/06 162 0.1915 162 0.1915
Cw*0501 95 0.1123 99 0.1170
Cw*0602 83 0.0981 80 0.0946
Cw*0401 64 0.0757 61 0.0721
Cw*0304 63 0.0745 65 0.0768
Cw*1601 40 0.0473 45 0.0532
Cw*0802 35 0.0414 36 0.0426
Cw*0303 30 0.0355 37 0.0437
Cw*1203 26 0.0307 24 0.0284
Cw*0202 25 0.0296 22 0.0260
Cw*0102 21 0.0248 19 0.0225
Cw*0704 14 0.0165 8 0.0095
Cw*1502 10 0.0118 11 0.0130
Cw*1402 4 0.0047 3 0.0035
Cw*0801 3 0.0035 3 0.0035
Cw*1602 2 0.0024 1 0.0012
Cw*0804 1 0.0012 1 0.0012
Cw*1504 1 0.0012 - -

Cw*1202 1 0.0012 1 0.0012
Cw*0302 1 0.0012 3 0.0035
Cw*1505 - - 1 0.0012
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Allele frequency of HLA-DRB1 alleles in 423 patients and donors

Allele Patients Donors
Number

Observed
Allele

Frequency
Number

Observed
Allele

Frequency
DRB 1*0301 150 0.1773 150 0.1773
DRB 1*1501 149 0.1761 151 0.1785
DRB 1*0701 133 0.1572 133 0.1572
DRB 1*0401 109 0.1288 109 0.1288
DRB1*0101 79 0.0934 80 0.0946
DRB 1*1301 37 0.0437 37 0.0437
DRB1*1101 29 0.0343 29 0.0343
DRB 1*1302 28 0.0331 28 0.0331
DRB 1*0404 25 0.0296 26 0.0307
DRB 1*0103 16 0.0189 15 0.0177
DRB 1*1401 14 0.0165 14 0.0165
DRB 1*0102 12 0.0142 12 0.0142
DRB 1*1104 11 0.0130 10 0.0118
DRB 1*0407 10 0.0118 9 0.0106
DRB 1*0901 7 0.0083 7 0.0083
DRB 1*0402 6 0.0071 6 0.0071
DRB 1*0801 6 0.0071 6 0.0071
DRB1*1201 6 0.0071 6 0.0071
DRB 1*1303 5 0.0059 5 0.0059
DRB 1*0405 3 0.0035 3 0.0035
DRB 1*1502 3 0.0035 1 0.0012
DRB 1*0403 2 0.0024 2 0.0024
DRB 1*1001 1 0.0012 1 0.0012
DRB 1*1103 1 0.0012 1 0.0012
DRB 1*0803 1 0.0012 1 0.0012
DRB 1*0408 1 0.0012 1 0.0012
DRB 1*1202 1 0.0012 1 0.0012
DRB 1*1305 1 0.0012 1 0.0012
DRB1*1113 - - 1 0.0012

306



Allele frequency of HLA-DQB 1 alleles in 423 patients and donors

Allele Patients Donors
Number

Observed
Allele

Frequency
Number

Observed
Allele

Frequency
DQB 1*0201/02 250 0.2955 248 0.2931
DQB 1*0602 150 0.1773 150 0.1773
DQB1*0301 136 0.1608 144 0.1702
DQB1*0501 100 0.1182 98 0.1158
DQB 1*0302 82 0.0969 74 0.0875
DQB 1*0303 40 0.0473 42 0.0496
DQB 1*0603 37 0.0437 37 0.0437
DQB 1*0604 24 0.0284 25 0.0296
DQB 1*0503 14 0.0165 15 0.0177
DQB 1*0402 5 0.0059 5 0.0059
DQB 1*0609 4 0.0047 3 0.0035
DQB 1*0504 2 0.0024 3 0.0035
DQB 1*0601 2 0.0024 2 0.0024
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Appendix 7: Haplotype frequencies (>1%) for patients and
donors

HLA-A, -B, -C, -D RBl, -DQBl, -DPBl haplotypes 
HLA-B and -C  haplotypes 
HLA-DRB 1 and -DQB 1 haplotypes
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Six locus haplotype frequencies for patients (in haplotypes with a frequency > 1%)

Haplotype Freq. by 
MLE

Delta Delta' Value X" P-value

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQB 1*0201/02 DPBl *0401 0.056807 0.056642 0.3308 16429.1342 < 0 . 0 0 1

A*0301 Cw*0702 B*0702 DRB1*1501 DQB 1*0602 DPB 1*0401 0.045511 0.045437 0.3102 23650.0557 < 0 . 0 0 1

A*0201/09 Cw*0501 B*4402 DRB1*0401 DQB1*0301 DPBl *0401 0.037793 0.037753 0.3363 30587.7091 < 0 . 0 0 1

A*0201/09 Cw*0702 B*0702 DRB1*1501 DQB 1*0602 DPB 1*0401 0.028103 0.027944 0.1588 4170.0582 < 0 . 0 0 1

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQBl*0201/02 DPB1*0101 0.020095 0.020078 0.4357 20219.4193 < 0 . 0 0 1

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQB 1*0201/02 DPB 1*0201 0.017611 0.017569 0.1533 6224.6092 < 0 . 0 0 1

A*0201/09 Cw*0501 B*4402 DRB1*1501 DQB 1*0602 DPB 1*0401 0.015366 0.015307 0.1364 3335.0696 < 0 . 0 0 1

A*0101 Cw*0602 B*5701 DRB1*0701 DQB 1*0303 DPB 1*0401 0.011912 0.011909 0.2963 42612.2632 < 0 . 0 0 1

A*0201/09 Cw*0304 B*4001 DRB 1*1302 DQB 1*0604 DPB1*0301 0.010591 0.010591 0.3733 869067.1580 < 0 . 0 0 1

U)oVO
Six locus haplotype frequencies for donors (in haplotypes with a frequency >1%)

Haplotype Freq. by 
MLE

Delta Delta' Value X" P-value

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQB 1*0201/02 DPB 1*0401 0.066582 0.066402 0.3878 20808.4878 0 . 0 0 0

A*0201/09 Cw*0702 B*0702 DRB1*1501 DQB 1*0602 DPB 1*0401 0.049607 0.049436 0.2791 12075.2847 0 . 0 0 0

A*0201/09 Cw*0501 B*4402 DRB 1*0401 DQB 1*0301 DPB 1*0401 0.036558 0.036512 0.3121 24248.1253 0 . 0 0 0

A*0301 Cw*0702 B*0702 DRB1*1501 DQB 1*0602 DPB 1*0401 0.030950 0.030870 0.2090 10057.1720 0 . 0 0 0

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQB 1*0201/02 DPB1*0101 0.017994 0.017975 0.3457 14243.4119 0 . 0 0 0

A*0101 Cw*0702 B*0702 DRB1*1501 DQB 1*0602 DPB 1*0401 0.013895 0.013778 0.0778 1368.4767 0 . 0 0 0

A*0101 Cw*0701/06 B*0801 DRB 1*0301 DQBl*0201/02 DPB 1*0402 0.013610 0.013577 0.1512 4704.1810 0 . 0 0 0

A*0201/09 Cw*0501 B*4402 DRB1*1501 DQB 1*0602 DPB 1*0401 0.012868 0.012800 0.1094 2065.3310 0 . 0 0 0

A*2902 Cw*1601 B*4403 DRB1*0701 DQBl*0201/02 DPB 1*0401 0.010778 0.010776 0.3506 46339.6881 0 . 0 0 0

A*0201/09 Cw*0701/06 B*0801 DRB1*0301 DQBl*0201/02 DPB 1*0401 0.010740 0.010479 0.0612 355.1803 < 0 . 0 0 1

A*0101 Cw*0602 B*5701 DRB 1*0701 DQB 1*0303 DPB 1*0401 0.010394 0.010391 0.2586 29303.9994 0 . 0 0 0



HLA-B and HLA-C haplotypes in patients (with a frequency > 1 %)

Haplotype Freq. by 
MLE Delta Delta' Value X" P-value

Cw*0702 B*0702 0.178479 0.142745 0.9679 482.4141 < 0 . 0 0 1

Cw*0701/06 B*0801 0.164295 0.131475 0.9488 445.5681 < 0 . 0 0 1

Cw*0501 B*4402 0.102837 0.089431 0.9044 504.7073 < 0 . 0 0 1

Cw*0304 B*4001 0.050827 0.046866 0.9520 469.1015 < 0 . 0 0 1

Cw*1601 B*4403 0.043724 0.041098 0.9203 543.9868 < 0 . 0 0 1

Cw*0602 B*5701 0.040189 0.036246 1 . 0 0 0 0 281.8899 < 0 . 0 0 1

Cw*0602 B*1302 0.029551 0.026652 1 . 0 0 0 0 207.2720 < 0 . 0 0 1

Cw*0401 B*3501 0.028369 0.026044 0.9168 246.8131 < 0 . 0 0 1

Cw*0802 B*1402 0.027187 0.025915 0.8796 446.8713 < 0 . 0 0 1

Cw*0303 B*1501 0.026005 0.024119 0.7184 260.9024 < 0 . 0 0 1

Cw*0401 B*3503 0.020095 0.018485 0.9399 179.5961 < 0 . 0 0 1

Cw*0304 B*1501 0.016548 0.012587 0.2557 33.8400 < 0 . 0 0 1

Cw*0202 B*2705 0.016548 0.015605 0.5455 218.4512 < 0 . 0 0 1

Cw*0704 B*4402 0.015366 0.013391 0.9189 76.7845 < 0 . 0 0 1

Cw*0701/06 B*1801 0.014184 0.008073 0.3129 9.0221 0.003
Cw*0802 B*1401 0.014184 0.013549 0.9198 244.2829 < 0 . 0 0 1

Cw*0102 B*2705 0.013002 0 . 0 1 2 2 1 0 0.5081 159.2099 < 0 . 0 0 1

Cw*1203 B*3801 0.011820 0.011457 1 . 0 0 0 0 305.6919 < 0 . 0 0 1

Cw*0401 B*4403 0.010638 0.006436 0.1253 8.3368 0.004
Cw*0701/06 B*4901 0.010638 0.008601 1 . 0 0 0 0 30.7234 < 0 . 0 0 1

Cw*0602 B*5001 0.010638 0.009595 1 . 0 0 0 0 74.6179 < 0 . 0 0 1

HLA-B and HLA-C haplotypes in donors (with a frequency >1%)

Haplotype Freq. by 
MLB Delta Delta' Value X" P-value

Cw*0702 B*0702 0.180851 0.145563 0.9919 507.9845 < 0 . 0 0 1

Cw*0701/06 B*0801 0.167849 0.135028 0.9744 469.9790 < 0 . 0 0 1

Cw*0501 B*4402 0.105201 0.091369 0.8854 510.5876 < 0 . 0 0 1

Cw*0304 B*4001 0.051776 0.047599 0.9483 458.8091 < 0 . 0 0 1

Cw*1601 B*4403 0.050827 0.047747 0.9528 626.0186 < 0 . 0 0 1

Cw*0602 B*5701 0.040189 0.036389 1 . 0 0 0 0 294.7651 < 0 . 0 0 1

Cw*0802 B*1402 0.031915 0.030507 0.9627 559.0308 < 0 . 0 0 1

Cw*0401 B*3501 0.030733 0.028432 0.9601 297.1818 < 0 . 0 0 1

Cw*0602 B*1302 0.028369 0.025574 0.9558 198.0121 < 0 . 0 0 1

Cw*0303 B*1501 0.028369 0.026094 0.6294 253.2462 < 0 . 0 0 1

Cw*0401 B*3503 0.021277 0.019657 0.9433 201.8704 < 0 . 0 0 1

Cw*0304 B*1501 0.019146 0.015150 0.3155 48.5897 < 0 . 0 0 1

Cw*0102 B*2705 0.017730 0.016961 0.7820 316.1141 < 0 . 0 0 1

Cw*0202 B*2705 0.013002 0 . 0 1 2 1 1 1 0.4823 139.2024 < 0 . 0 0 1

Cw*0701/06 B*1801 0.011820 0.005709 0 . 2 2 1 2 4.5118 0.034
Cw*1203 B*1801 0.010638 0.009733 0.3544 88.5160 < 0 . 0 0 1

Cw*0701/06 B*4901 0.010638 0.008601 1 . 0 0 0 0 30.7234 < 0 . 0 0 1

Cw*0802 B*1401 0.010638 0.010135 0.8956 172.7755 < 0 . 0 0 1

Cw*1502 B*5101 0.010638 0.010300 0.8133 265.4513 < 0 . 0 0 1

Cw*0602 B*5001 0.010638 0.009632 1 . 0 0 0 0 78.0261 < 0 . 0 0 1
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HLA-DRB 1 and HLA-DQB 1 haplotypes in patients (with a frequency > 1 %)

Haplotype Freq. by 
MLE Delta Delta' Value P-value

DRB 1*0301 DQBl*0201/02 0.177305 0.124910 1 . 0 0 0 0 251.9262 < 0 . 0 0 1

DRB 1*1501 DQB 1*0602 0.174940 0.143712 0.9918 559.5259 < 0 . 0 0 1

DRB 1*0701 DQB 1*0201/02 0.118203 0.071746 0.6478 93.7387 < 0 . 0 0 1

DRB1*0101 DQB 1*0501 0.091017 0.079979 0.9713 490.2664 < 0 . 0 0 1

DRB 1*0401 DQB 1*0301 0.075837 0.055124 0.5098 124.1179 < 0 . 0 0 1

DRB1*0401 DQB 1*0302 0.053005 0.040517 0.4798 111.2095 < 0 . 0 0 1

DRB1*1301 DQB 1*0603 0.042552 0.040639 0.9717 730.4585 < 0 . 0 0 1

DRB 1*0701 DQB 1*0303 0.039007 0.031574 0.7924 113.4640 < 0 . 0 0 1

DRB1*1101 DQB1*0301 0.034279 0.028768 1 . 0 0 0 0 127.0590 < 0 . 0 0 1

DRB 1*0404 DQB 1*0302 0.029551 0.026687 1 . 0 0 0 0 210.3500 < 0 . 0 0 1

DRB 1*1302 DQB 1*0604 0.028369 0.027430 1 . 0 0 0 0 677.9372 < 0 . 0 0 1

DRB1*1401 DQB 1*0503 0.016548 0.016275 1 . 0 0 0 0 818.2317 < 0 . 0 0 1

DRB 1*0102 DQB 1*0501 0.014184 0.012508 1 . 0 0 0 0 78.9384 < 0 . 0 0 1

DRB 1*1104 DQB1*0301 0.013002 0.010912 1 . 0 0 0 0 48.1948 < 0 . 0 0 1

DRB 1*0103 DQB 1*0501 0.011820 0.009585 0.5747 34.7663 < 0 . 0 0 1

DRB 1*0407 DQB1*0301 0.010452 0.008552 0.8620 32.5587 < 0 . 0 0 1

HLA-DRB 1 and HLA-DQB 1 haplotypes in donors (with a frequency > 1 %)

Haplotype Freq. by 
MLE Delta Delta' Value X" P-value

DRB 1*0301 DQB 1*0201/02 0.177305 0.125329 1 . 0 0 0 0 255.6652 < 0 . 0 0 1

DRB1*1501 DQB 1*0602 0.176121 0.144475 0.9919 557.9905 < 0 . 0 0 1

DRB 1*0701 DQB 1*0201/02 0.115839 0.069754 0.6277 89.3192 < 0 . 0 0 1

DRB1*0101 DQB 1*0501 0.091017 0.080062 0.9576 495.0546 < 0 . 0 0 1

DRB 1*0401 DQB 1*0301 0.085106 0.063176 0.5909 153.9664 < 0 . 0 0 1

DRB 1*0401 DQB 1*0302 0.043735 0.032465 0.4261 79.1211 < 0 . 0 0 1

DRB1*1301 DQB 1*0603 0.042552 0.040639 0.9717 730.4509 < 0 . 0 0 1

DRB1*0701 DQB 1*0303 0.041371 0.033566 0.8022 122.1292 < 0 . 0 0 1

DRB1*1101 DQB 1*0301 0.034279 0.028444 1 . 0 0 0 0 117.3112 < 0 . 0 0 1

DRB 1*0404 DQB 1*0302 0.030733 0.028045 1 . 0 0 0 0 247.5175 < 0 . 0 0 1

DRB 1*1302 DQB 1*0604 0.029551 0.028573 1 . 0 0 0 0 706.1846 < 0 . 0 0 1

DRB 1*1401 DQB 1*0503 0.016548 0.016255 1 . 0 0 0 0 761.8482 < 0 . 0 0 1

DRB 1*0102 DQB 1*0501 0.014184 0.012541 1 . 0 0 0 0 80.9819 < 0 . 0 0 1

DRB 1*1104 DQB 1*0301 0.011820 0.009808 1 . 0 0 0 0 40.4521 < 0 . 0 0 1

DRB 1*0407 DQB 1*0301 0.010638 0.008828 1 . 0 0 0 0 36.4069 < 0 . 0 0 1
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Appendix 8: The protein sequences of exon two of all of the DPBl alleles included in the analysis in 
Chapter four.

to

10  2 0  30  4 0  5 0  6 0  70  8 0  90
D P B l* 0 1 0 1  NYVYQ GRQECYAFNG TQRFLERYIY NREEYARFDS DVGEFRAVTE LGRPAAEYWN SQKDILEEKR AVPDRVCRHN YELDEAVTLQ RR
D P B 1 * 0 2 0 1  — L F - -----------------------------------------  FV------- --------------- DE--------------------- E - ------------- M-------- -------- GGPM------ —
DPBl * 0 2  02  — L F - -----------------------------------------  LV------- ---------------  E------ ----------------- E - ------------- M ---------------- GGPM------—

D PBl  * 0 4  0 1  — L F - -----------------------------------------  F --------- ----------------------------------------    M ------------------ GGPM----—
DPBl * 0 4  02  — L F - -----------------------------------------  FV------- ---------------  DE------------------------------------  M----------- GGPM------—
DPBl  * 0 5 0 1  — L F - -----------------------------------------  LV------- ---------------  E--------------------------------------  M------------------------------—

1 * 0 9 0 1  — — — U — L * — — — * — — — — — — — — F ^ ^  « — — — — — — — — — — — — — — — — — D E D — — — — — — — — — — " E  — — — — — — — — — — — — — — — — — — — — — — —

D P B 1 * 1 0 0 1  H - L --------------------   FV-------- ------------------------------- DE--------------------- E - --------------------------- —
D P B 1 * 1 1 0 1  * *  L------------------- ------------------------ — Q------------------------------------------------    L ------R - -M------------------**
D P B 1 * 1 3 0 1  L-------------------      E - -------------1 -----------  **

1 * 1 4 0 1  ———H— Jj————————— —————————— ————F^^———— —————————— ————DED——— ————L————— —————— ———— —————————— * *
D P B 1 * 1 5 0 1 ---------- ------------------------ ------------------------ — Q------------------------------------------------    L ------R - -M----------------- VGPM-—
DPB l  * 1 6 0 1  — L F - -----------------------------------------  FV------- ---------------  DE--------------------- E - ------------- M-----------------------------------—

D P B 1 * 1 9 0 1  — L F - -----------------------------------------  FV------- ---------------  E------ ----------------- E - ------------- 1 ----------- —
D P B 1 * 2 0 0 1  ——— — — L———— — ———— —————————— ————PV———— —————————— ————DED——— ————L————— —————M———— —————————— ——
D P B 1 * 2 1 0 1  L--------------------------------------   LV------- ---------------  E------ ----------------- E - -------------M-------- ---------------------------—
D P B 1 * 2 3 0 1  — L F - -----------------------------------------  FV------- ----------------------------------------    M------------------ GGPM----—
D P B 1 * 2 7 0 1   L----------------------------------------------------------------------------------------       M--------- -—
D P B 1 * 2 8 0 1  — L F - ----------------------------------------   F -------------------------- DE---------------L ---------- -------------M-------- -------- VGPM---------—
D P B 1 * 3 8 0 1  * * L F - ------------ P ------ -------------------------------  LV----------------------------------- E ------ --------------------------------  M------------------------------ **
D P B 1 * 4 6 0 1  ——L F — —————————— —————————— ————F V ———— —————————— ————D E D ——— ————————E — —————M———— ———G G PM ——— ——
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Appendix 9: Association of HLA alleles with TNFA alleles in IHW cell lines.

U)

IHW Cell ID HLA-DPBl HLA-DQB 1 HLA-DRBI TNFA HLA-B HLA-C HLA-A Ethnic Origin
9018 L0081785 0301 0201 0301 GA 1801 0501 0301,2402 Caucasoid - Australia
9019 DUCAF 0202 0201 0301 GA 1801 0501 3002 Caucasoid - France, Europe
9020 QBL 0202 0201 0301 GA 1801 0501 2601 Caucasoid - Netherlands, Europe
9039 JVM 020102 0301 1102 GA 1801 0501 0201 Caucasoid - Netherlands, Europe
9085 EJ32B 020102, 0202 NA 03 GA 1801 0501 3002 Caucasoid - Australia
9043 BM21 1001 0301 1101 GA 4101 1701 0101 Caucasoid - German/Italian, Europe
9007 DEM 0301,0401 0502,0302 0401, 1602 GA 5701 0602 0201 Caucasoid - Germany, Europe
9012 WJR076 020102 0502 1601 GA 5701 0701 0201 Caucasoid - North America
9052 DBB 0401 030302 0701 GA 5701 0602 0201 Caucasoid - Amish, North America
9238 YEN 0301,0401 NA NA GA,GG 5501, 1801 0501,0303 0301,3101 Caucasoid - Unknown
9106 MANIKA 0401, 1301 0202,030302 0701 GA,AG 5001 0602 0301 Caucasoid - Tamil, India, Asia
9046 BH 0401, 1701 0202 0701 GG 1302 0602 0201 Caucasoid - North America
9048 LBF 1701 0202 070101 GG 1302 0602 3001 Caucasoid - England, Europe
9093 BER 020102,0401 0202 0701 GG 1302 0602 0201 Caucasoid - Germany, Europe
9029 WT51 20102 0302 040101 GG 1401 0802 2301 Caucasoid - Aosta, Italy, Europe
9094 CF996 0401,0402 0202 0701 GG 1401 0802 0201,0301 Caucasoid - France, Europe
9049 IBW9 0101 NA 0701 GG 1402 0802 3301 Caucasoid - Sardinia, Europe
9055 HO301 0501 0609 1302 GG 1402 0802 0301 Caucasoid - France, Europe
9078 PMG075 0301,0401 0501 0102 GG 1402 0802 0301,3301 Caucasoid - North America
9079 LWAGS 0301,0401 0501 0102 GG 1402 0802 3301 Caucasoid - Ashkenazi Jew
9031 BOLETH 0401 0302 040101 GG 1501 0304 020101 Caucasoid - Sweden, Europe
9032 BSM 20102 0302 0401 GG 1501 0304 0201 Caucasoid - Netherlands, Europe
9060 CB6B 1901 0603 1301 GG 1501 0303 0101 Caucasoid - Australia
9008 DO208915 020102, 2301 0602, 0603 1501 GG 1801 120301 2501 Caucasoid - Australia
9038 BM16 20102 0301 1201 GG 1801 0701 0201 Caucasoid - Italy, Europe
9006 WTIOOBIS 0101 0501 0101 GG 3501 0401 1101 Caucasoid - Italy, Europe
9025 DEU 0401 0301 0401 GG 3501 0401 3101 Caucasoid - Netherlands, Europe
9041 J0528239 0402, 1101 0301 1104 GG 3502 0401 0101 Caucasoid - Italy, Europe
9009 KASOll 0401, 1401 050201 1601 GG 3701 0602 0101 Caucasoid - Yugoslavia, Europe
9035 JBUSH 0401 0301 1101 GG 3801 120301 3201 Caucasoid - North America
9059 SLE005 030101 NA 1302 GG 4001 0304 0201 Caucasoid - North America
9069 MADURA 0401 0402 080101 GG 4001 0304 0201 Caucasoid - Denmark, Europe
9075 DKB 0401 030302 090102 GG 4001 0304 2402 Caucasoid - Netherlands, Europe
9097 EMJ 0301,0401 60401 1302 GG 4001 0304 0201,0301 Caucasoid - North America
9098 MT14B 0402 0302 0404 GG 4001 0304 3101 Caucasoid - Australia



OJ

9037 SWEIG007 0402 030101 110101 GG 4002 20202 2902 Caucasoid - North America
9084 CALOGERO 0401 0502 1601 GG 4002 20202 0201 Caucasoid - Italy, Europe
9036 SPOOlO 020102 0502 1101 GG 4402 0501 0201 Caucasoid - Italy, Europe
9054 EK 0402 050301 1401 GG 4402 0501 0201 Caucasoid - Scandinavia, Europe
9090 AWELLS 0401, 1401 0301 0401 GG 4402 0501 0201 Caucasoid - Australia
9302 SSTO 0401 NA 040301 GG 4402 0501 3201 Caucasoid - Amish, North America
9058 OMW 010101 0603 1301 GG 4501 1601 0201 Black - Unknown, Africa
9066 TAB089 0202 060101 080302 GG 4601 0102 0207 Oriental - Japan, Asia
9076 T7526 1301 030302 0901 GG 4601 0102, 0801 0206, 0207 Oriental - China, Asia
9077 T7527 0501,2101 NA NA GG 4601 0102 0207, 0201/09 Oriental - Hong Kong Chinese, Hong Kong, As
9040 BM15 0301 0301 1102 GG 4901 0701 0101 Caucasoid - Italy, Europe
9003 KAS116 1301 050101 0101 GG 5101 1203 24020101 Caucasoid - Yugoslavia, Europe
9016 RML 0402 0301 160201 GG 5101 1502 204 American Indian - Warao, South America
9089 BOB 0402 0301 1104 GG 5101 150201 2402 Caucasoid - Germany, Europe
9050 MOU 020102 0202 070101 GG 44031 1601 2902 Caucasoid - Denmark, Europe
9004 JESTHOM 0401 0501 0101 GG 270502 0102 0201 Caucasoid - Scandinavia, Europe
9005 HOM-2 0401 0501 0101 GG 270502 0102 0301 Caucasoid - Canada, North America
9067 BTB 0401 0402 080101 GG 270502 0102 0201 Caucasoid - Scandinavia, Europe
9027 PF97387 0401,0402 NA NA GG 440301 1601 2902 Caucasoid - France, Europe
9051 PITOUT 0401 0202 0701 GG 440301 1601 2902 Caucasoid - South Africa, Southern Africa
9053 HOR 0401 0604 1302 GG 440301 1403 3303 Oriental - Japan, Asia
9092 BM92 0402 0302 0404 GG 510101 0102 2501 Caucasoid - Italy, Europe
9011 E4181324 020102,0401 60101 150201 GG 520101 120202 0101 Caucasoid - Australia
9083 LD2B 0401 0602 1501 GG 0702 0702 0301 Caucasoid - Australia
9013 SCHU 0402 0602 1501 GG 0702 0702 0301 Caucasoid - France, Europe
9014 MGAR 0401 0602 1501 GG 0801 0701 2601 Hispanic - North America
9024 KT17 0501 0302 0406 GG 1501,3501 0401,0303 0201, 1101 Oriental - Japan, Asia
9028 PEI 17 0401 0302 0404 GG 4001,4002 0304 2402 American Indian - Unknown, North America
9074 HID 020102, 0501 NA 09 GG 4001,4006 0304, 0801 0201 Oriental - Japan, Asia
9047 PLH 1501 0202 0701 GG 4701 0602 0301 Caucasoid - Scandinavia, Europe
9044 BRIP 020102,0402 0301 1101 GG 5101,1517 0701, 1504 2402 Caucasoid - Italy, Europe
9103 LKT14 020102, 1901 NA 0901 GG 5101,4006 0801, 1402 2402, 2602 Oriental - Japan, Asia
9063 WT47 1601 0604 1302 AG 4402 0501 3201 Caucasoid - Italy, Europe
9070 LUY 010101,0401 030101 080302 AG 5101 140201 0201 Caucasoid - Netherlands, Europe
9087 STEINLIN 0301,0401 0201 0301 AG 0801 0701 0101 Caucasoid - France, Europe
9088 PF04015 0101,0401 0201 0301 AG 0801 0701 0101 Caucasoid - France, Europe
9022 COX 0301 0201 0301 AG 0801 0701 0101 Caucasoid - South Africa, Southern Africa
9023 VAVY 010101 0201 0301 AG 0801 0701 0101 Caucasoid - France, Europe
NA: Molecular typing not available
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