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ABSTRACT 

There is increasing interest in understanding how the immune phenotype may be 

associated with allograft outcomes, and efforts are being made to identify biomarkers 

that can predict outcome and guide clinical management.  This report describes the 

evaluation of potential biomarkers associated with the B-cell phenotype.  Firstly, an 

observational study using UK registry data was undertaken to compare the medium-

term outcomes of adult recipients of their first renal transplant receiving either 

alemtuzumab or basiliximab.  This study concluded that alemtuzumab induction 

permits steroid avoidance in significantly higher numbers of patients without any 

obvious penalty.  The effect of both induction agents on the B-cell phenotype was 

studied prospectively in a cohort of adult renal transplant recipients, with time-

dependent alterations assessed against clinical outcomes.  In particular, the 

immunomodulatory function of B-cells was explored within the transitional B-cell (TrB) 

population as this has been demonstrated to contain high concentrations of regulatory 

B-cells.  Changes within TrB subsets were found to be associated with rejection and 

reduced graft survival.  CD9 expression was also investigated to determine its value in 

highlighting regulatory B-cells (Bregs).  Increased expression was demonstrated within 

TrBs including those producing IL-10, however it was not an exclusive marker for Bregs.   

 

Secondly, B-cells as antibody producers were assessed.  Two assays to determine the 

presence of alloreactive memory B-cells were considered.  The first assay involved the 

non-specific stimulation of peripheral blood mononuclear cells (PBMCs) into antibody 

secreting cells, with the collection of cell supernatant for the assessment of HLA 

antibodies.  The second method aimed to quantify alloreactive B-cells through the co-

incubation of PBMCs with single antigen beads.  Finally, a retrospective study of HLA-

DP antibody incompatible renal transplants was carried out; findings demonstrate that 

these transplants should be considered high risk, and laboratory tests cannot further 

risk stratify these patients. 

 

  



1 INTRODUCTION 

Renal transplantation remains the treatment of choice for patients with end stage 

renal disease.  Despite an improvement in short-term allograft survival, the median 

lifespan of a renal transplant from a deceased donor remains at 15 years, and it is 

increasingly common for patients to receive more than one allograft in their lifetime. A 

significant proportion of late graft loss is due to immune-mediated graft damage, of 

which antibody-mediated rejection (AMR) remains a significant problem.1,2  There is 

increasing evidence surrounding the importance of B-cells in allograft survival, not only 

through the production of HLA-donor specific antibodies which are implicated in 

antibody mediated rejection, but also through other effector functions including 

antigen presentation and cytokine secretion.  The long-term survival of an allograft 

depends on the sustained use of immunosuppression, which itself is associated with 

morbidity, including cardiovascular disease, infection, and malignancy.  Additionally, 

immunosuppressive agents, for example calcineurin inhibitors, can contribute to 

toxicity within the graft.  Therefore, there is a fine balance between over 

immunosuppressing a patient which results in unwanted outcomes, and reducing the 

immunosuppressive burden, increasing the risk of immune-mediated allograft damage.  

The current practice for monitoring allograft function includes measuring serum 

creatinine, urine protein excretion and blood pressure.  The gold standard remains a 

needle biopsy, however, this is invasive, and sampled areas may not be representative 

of the whole graft.  There is therefore an unmet need to develop non-invasive 

biomarkers that can predict the clinical course of an allograft at an early stage, 

allowing the clinician to tailor treatment to the individual patient.   

 

1.1 IMMUNE RESPONSES TO FOREIGN TISSUE 

The human immune system has evolved as a highly sophisticated defence system that 

functions to distinguish between self and non-self antigens.  From an evolutionary 

perspective this was essential to survive attacks by pathogens, but inconvenient 

consequences are occasional reactivity to self, manifest by autoimmune disease and 

reactivity to other members of the species (alloreactivity).  This latter phenomenon 

only came to light when early pioneers attempted to transplant organs between 

individuals.  Alloreactivity occurs due to the wide genetic diversity that is present 
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within the outbred human population.  Only identical twins share the same genetic 

material and are thus syngeneic.  It is for this reason that the first successful human 

kidney transplant was carried out between identical twins in 1954 with minimal 

immunosuppression.3   

1.1.1 HUMAN LEUKOCYTE ANTIGENS (HLA) 

The area of the human genome with the greatest genetic variation between 

individuals is located on the short arm of chromosome 6 (6p21.3) in the Major 

Histocompatibility Complex (MHC, Figure 1.1).  This is a densely packed region with 

over 200 genes that encode glycoprotein products called Human Leukocyte Antigens 

(HLA).  These molecules are widely expressed on the surface of human cells and are 

intimately involved in antigen presentation and activation of the adaptive immune 

system.  HLA heterogeneity both within a population and the individual ensures a 

broad repertoire of response to pathogens, ensuring survival.  An example of this can 

be seen in the West African population, where individuals possessing either HLA-B*53, 

or the HLA-DRB1*13:02-DQB1*05:01 haplotype are protected from severe forms of 

malaria.4  

 
Figure 1.1. Schematic of HLA region. 

The Human MHC is found on the short arm of chromosome 6 and encodes distinct 

classes of cell surface molecules. Created with BioRender.com 
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1.1.1.1 STRUCTURE AND FUNCTION OF HLA MOLECULES  
HLA are grouped into classes dependent on their structural similarities, function, and 

distribution patterns.  Classical class I HLA (HLA -A, -B, and C) are expressed on the cell 

surface of all nucleated cells. The Class I genes produce a 43kda molecule (α chain) 

that has three extracellular domains α1, α2 and α3, a transmembrane region, and a 

short cytoplasmic tail.  The domains are each coded for by separate exons, with exons 

2 and 3 exhibiting the most polymorphism.  These two exons encode the α1 and α2 

domains which interact to form the peptide binding groove allowing the presentation 

of short 8-10 amino acid peptides to its cognate T-cell receptor.5  It is the variation in 

α1 and α2 that dictates which peptides can be presented.  The α3 domain is non-

covalently associated with the invariant light chain of ß2 microglobulin (encoded on 

chromosome 15) and interacts with the CD8 co-receptor of cytotoxic T cells during 

antigen presentation (Figure 1.2a).  Class I proteins present peptides derived from 

defective intracellular proteins, or viruses from within the cell to the T-cell receptor on 

CD8+ T cells, which activate mechanisms that ultimately destroy the cell.  Class I HLA 

are also important ligands for killer inhibitory receptors (KIRs) that are expressed on 

the surfaces of NK cells, which is important for tumour surveillance.6 

 

Class II HLA (DR, DQ and DP) are made up of two non-covalently linked chains, an alpha 

(33-35kda) and a beta (26-28kda) chain.5  In the case of HLA-DR, the alpha chain is 

relatively conserved, with polymorphism exhibited in the beta chain.  However, both 

the α and β chains in HLA-DP and HLA-DQ are highly polymorphic, and biodiversity is 

increased further in class II HLA due to the different combinations that can be achieved 

between the α and β chains.  The peptide binding groove is created by the interaction 

of the α1 and β1 domains.  It presents peptides of 15-24 amino acids in length to its 

cognate T cell receptor on CD4+ T cells, Figure 1.2b.  These peptides are usually derived 

from extracellular pathogens.     
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Figure 1.2. Structure of A) HLA Class I and B) HLA Class II.7   

The exons responsible for coding each corresponding protein domain has been 

indicated. Tm – transmembrane region, Cyt – cytosolic region, 3’UT – 3’ untranslated 

region. 
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The MHC is inherited from each parent as a haplotype, and gene expression is co-

dominant.  Therefore, in heterozygotes, up to 12 different classical HLA alleles can be 

expressed on a cell surface, 2 from each locus, and each allele will have the ability to 

bind to a different repertoire of peptides.  This forms the molecular basis of human 

immunogenetic diversity.  The number of different alleles at each locus is shown in 

Table 1.1 and underpins human heterogeneity.  It is this diversity, together with 

ubiquitous expression that makes HLA the main immunological barrier to 

transplantation.8   

 

HLA Type A B C DR DQA1 DQB1 DPA1 DPB1 

No. of alleles (DNA) 6291 7562 6223 3536 264 1930 216 1654 

No. of proteins 3896 4803 3681 2476 114 1273 80 1064 

Table 1.1. Assigned number of alleles and proteins for each HLA locus as of 

September 2020 9 

1.1.1.2 TISSUE DISTRIBUTION OF HLA 
Class I HLA are constitutively expressed on the cell surface of all nucleated cells.  Class 

II HLA are primarily found on the cell surface of professional antigen presenting cells.  

However, in an inflammatory environment, this expression can be upregulated in 

other cells, including vascular endothelial and activated T cells.10  As demonstrated in 

Figure 1.3, the tissue distribution of HLA is widely variable across the human body and 

reflects the function of HLA in antigen presentation.  There is increased HLA expression 

on lymphocytes and within the primary lymphoid structures, whereas minimal 

expression is found in the immune-privileged sites (central nervous system, testes, 

retina).   
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Figure 1.3. Tissue distribution of HLA. 

Classical HLA class I (blue) and class II (red) expression levels have been determined 

using NGS RNA-Seq data from human non-cancer tissues.  This figure has been 

reproduced without any changes from the open access article: Boegel, S., Loewer, 

M., Bukur, T. et al. HLA and proteasome expression body map. BMC Med Genomics 

11, 36 (2018). https://doi.org/10.1186/s12920-018-0354-x 11 using the Creative 

Commons license: https://creativecommons.org/licenses/by/4.0/   

 

1.1.1.3 HLA EPITOPES 
Epitopes refer to parts of an antigenic molecule that interact with the host immune 

system (usually an antibody or antigen receptor). In proteins, these epitopes can be 

continuous (linear strands of amino acids) or discontinuous (non-contiguous amino 

acids that are brought together in the tertiary and quaternary structure of the 

molecule).  In transplantation, the improved molecular typing techniques, and ability 

to determine the 3-dimensional (3D) structure of HLA has led to increasing interest in 

assessing mismatches in HLA epitopes.  Epitope mismatches can be evaluated in terms 

of immunogenicity and antigenicity.  Immunogenicity refers to the ability of an antigen 

to induce an immune response and is dependent on the structural configuration of the 

immunizing epitopes in reference to the host’s epitopes; the mismatched epitopes 

having the potential to induce the immune response. Conversely, antigenicity is the 

https://doi.org/10.1186/s12920-018-0354-x
https://creativecommons.org/licenses/by/4.0/
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interaction between the epitope and the final products of the immune response, for 

example, the T-cell receptor or antibodies.   

1.1.1.3.1 HLAMATCHMAKER  

The most widely used HLA epitope tool is HLAMatchmaker, an algorithm that 

systematically defines possible HLA epitopes.12  Developed by Duquesnoy et al, the 

original HLAMatchmaker was developed by using linear amino acid sequences 

together with the known 3D structure of Class I HLA to define polymorphic amino acid 

sequences that could be accessed by HLA antibodies. It was postulated that 

polymorphisms in linear 3 amino-acid sequences were essential for reactivity, and 

these were called ‘triplets’.  Triplets however did not take the folding of the HLA 

protein into account.  Subsequent iterations of HLAMatchmaker took this into 

consideration, leading to the definition of ‘eplets’.  These are small clusters of amino 

acid residues, linear or discontinuous, found on the surface of HLA molecules in a 3.0-

3.5 angstrom radius.  They are equivalent to the CDR-H3 or ‘functional epitope’ of an 

antigen and are essential to determining antibody specificity (Figure 1.4).13  Although 

this eplet registry is comprehensive, not all eplets have been found to induce antibody 

production and are classified as theoretical eplets: their clinical relevance is not yet 

known.  Commonly used in conjunction with HLAMatchmaker, is the HLA epitope 

registry also developed by Duquesnoy and colleagues (epregistry.com.br)14 which 

contains an evolving list of antibody-verified eplets for each HLA locus.  These 

antibodies have been verified using multiple different methods including human 

monoclonal antibodies, sera from multiparous women, mouse monoclonal antibodies 

and elution and absorption techniques.



 

 
Figure 1.4. Schematic of the HLA antigen-antibody interface.  

The binding surface on the antibody (the paratope) is made up of six 

complementarity determining regions (CDR).  CDRL1-L3 refer to the regions found on 

the antibody light chain, CDRH1-H3 are found on the heavy chain.  The specificity of 

the antibody is usually determined by CDR-H3, a central loop which binds to a 

specific short amino acid sequence, also known as the functional epitope or eplet.15  

The remaining CDRs contribute to the stability of antigen binding and affect the 

affinity of the antibody.  The binding surface of HLA (antigenic determinant or 

epitope) comprises of a central functional epitope (eplet) which binds to CDR-H3, 

surrounded by amino acid residues that are in contact with the with rest of the 

antibody CDRs, contributing to the structural epitope.   

Image created using Biorender.com



HLAMatchmaker has been used to assess the immunogenicity of epitope mismatches 

in renal transplantation.  A retrospective study demonstrated that patients who 

received a renal transplant with a high HLA class II eplet mismatch load were more 

likely to develop de novo donor-specific HLA antibodies (DSAs).16  Furthermore, 

compliance with immunosuppressive medication was shown to minimise any 

detrimental effects associated with this high mismatch load.17  However, single 

epitope mismatches have been associated with the development of de novo DSAs.18,19  

This suggests that it is not just the mismatch load, but also the biological properties 

associated with each epitope mismatch that can affect immunogenicity.   

 

HLAMatchmaker is currently used in the Eurotransplant acceptable mismatch 

programme for highly sensitised patients (HSPs).20 In this programme, 

HLAMatchmaker compares the epitopes that the recipient possesses with the epitopes 

found in their antibody profile.  A permissive epitope profile is constructed based on 

epitopes to which they have not developed antibodies; only donors with HLA antigens 

made up of these epitopes are accepted.  A recent study has reported a superior 10- 

year graft survival in highly sensitised patients (HSPs) who received renal transplants 

through the Eurotransplant acceptable mismatch programme compared with HSPs 

who were transplanted through the routine unacceptable mismatch allocation.16   

 

Other epitope tools are available.  Kosmoliaptsis et al considers how polymorphisms 

affect the electrostatic charge of the HLA molecule, which is important in peptide 

binding and the HLA – T cell receptor interaction.21,22  Spierings developed the PIRCHE 

(Predicted Indirectly ReCognizable HLA Epitopes) -II, a tool that focuses on epitope 

mismatches that are targets for T cells during indirect allorecognition.23  Initially used 

for stem cell transplantation, it has been applied retrospectively to renal 

transplantation where high PIRCHE scores were associated with reduced graft 

survival.24,25  Similarly, the T-cell Epitope model developed by Fleischhauer is routinely 

used to determine permissive and non-permissive HLA-DP mismatches when searching 

for unrelated donors in stem cell transplantation.26 The newest freely-available 

mismatch tool is the HLA Epitope MisMatch Algorithm (HLA-EMMA) which attempts to 

determine the immunogenicity of the mismatches by measuring ‘solvent accessibility’ 

of the amino acid mismatches that could be accessible to B-cell receptors.27 
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Recently, the utility of the class II eplet, amino acid and electrostatic mismatch 

methods were compared in 596 renal recipients.  The authors determined that the 3 

methods were highly correlated with each other.  Furthermore, high mismatch scores 

obtained from using each method were associated with the development of de novo 

class II donor specific antibodies.28  

 

1.2 ALLORECOGNITION 

Allorecognition refers to the immunological recognition by T cells of non-self antigens 

between genetically disparate individuals within the same species.  Recipient T cells 

may encounter alloantigens by via the following 3 pathways: the direct, indirect and 

semi-direct pathways.   

 

Direct allorecognition is thought to be an important mechanism associated with acute 

cellular rejection.  As the graft is re-perfused, passenger donor leukocytes,29,30 

expressing donor derived HLA molecules, enter the recipient circulation and encounter 

naive alloreactive recipient T cells within the secondary lymphoid tissue.31,32 Direct 

recognition initiates a polyclonal T cell response that can involve a large proportion of 

the T-cell repertoire.33,34  Once primed these cells mature, acquire the trafficking 

molecules necessary to access the transplanted graft, enter the circulation and travel 

to the transplanted organ (Figure 1.5).  This is thought to be the main mechanism 

underlying CD8+ mediated cytotoxic tubular damage (tubulitis).35   
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Figure 1.5. Direct Allorecognition.  

On revascularisation of the graft, donor antigen presenting cells (APCs) bearing 

donor derived HLA molecules and peptides interact with recipient T cells.  Donor HLA 

class II molecules interact with the T cell receptor (TCR) expressed on recipient CD4+ 

T cells.  Donor HLA Class I molecules interact with TCR on CD8+ T cells.  Activated 

recipient CD4+ T cells provide T cell help in the form of cytokines to activate CD8+ T 

cells.  CD8+ T cells migrate to the graft and target donor cells for cytotoxicity.  

Donor cells are depicted in red, recipient cells in green. 

(Image created using Biorender.com) 

 

In indirect allorecognition, which is the normal physiological pathway of foreign 

antigen processing, recipient antigen presenting cells (APCs) take up and process 

donor proteins that have been shed from the graft for presentation to T cells in 

peptide fragments (Figure 1.6).  This mechanism emerges as dominant after the 

disappearance of donor derived passenger leukocytes and is thought to be 

instrumental in the development of chronic antibody mediated rejection.36  Recently, 

Charmetant et al proposed a new model of allorecognition – ‘inverted indirect 

allorecognition’.  They demonstrated in a murine model that donor CD4+ T cells could 
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recognise intact recipient class II MHC molecules expressed on BCR-activated 

allospecific B-cells and provide the second signal for further activation.37 

 

 

 
Figure 1.6. Indirect Allorecognition.  

Recipient antigen presenting cells (green) take up donor material (red) for processing 

and loading onto to recipient HLA Class II molecules.  These are presented to 

recipient CD4+ T cells. 

(Image created using Biorender.com) 

 

Finally, with semidirect allorecognition, recipient dendritic cells acquire intact donor 

HLA (recently demonstrated through the transfer of exosomes) and present this as an 

intact protein to recipient T cells for activation (Figure 1.7).38  The physiological 

importance of this pathway remains to be determined. 
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Figure 1.7. Semi Direct Allorecognition.   

Intact donor HLA-antigen complexes are transferred (via direct contact or exosomes) 

from donor to the surface of recipient antigen presenting cells.  Recipient cells are 

depicted in green, donor cells in red. 

(Image created using Biorender.com) 

 

A distinctive feature of the T cell response to alloantigen presented via the direct 

pathway is that it can involve a large proportion (between 1-10%) of the T cell 

repertoire, whereas only approximately 0.01% of the T cell repertoire will respond to a 

specific foreign peptide presented by a self MHC molecule.39–41  Two theories attempt 

to explain this widespread activation in allorecognition: the multiple binary complex, 

and high determinant density models.   

 

Multiple Binary Complex Model 42 

Described by Matzinger, the presented peptide is central to activation. There is 

homology between the structural components of self and non-self MHC molecules 

which allows recipient self-restricted T cells to bind to the foreign MHC as they would 
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to self MHC.  However, there is polymorphism within the peptide binding groove 

therefore the peptides presented by non-self MHC will be significantly different to 

those presented by self MHC.  The non-self MHC can therefore present a pool of novel 

peptides, thus activating T cells with a wide range of specificities.  

 

High Determinant Density Model 43 

Proposed by Bevan, it is the non-self MHC molecule that is central to activation.  

Recipient T cells can recognise the structural differences in the exposed residues of 

non-self MHC molecules, irrespective of the peptide presented in the peptide binding 

groove.  Donor derived antigen presenting cells possess a high density of these non-

self residues, allowing for activation of multiple recipient T-cell clones, which may 

recognise these antigens with low, medium, or high affinity. 

 

1.2.1 THE CONSEQUENCES OF ALLORECOGNITION   

1.2.1.1 T-CELL-MEDIATED REJECTION (TCMR) 
This is associated with an abrupt rise in serum creatinine, fluid retention and 

sometimes fever and graft tenderness.  The incidence of acute TCMR is approximately 

5-10% during the first year following renal transplantation.44,45  Pathologically, an 

accumulation of mononuclear cells (usually activated T-cells and macrophages) is seen 

in the interstitium, together with inflammation of the tubules and sometimes the 

arteries.46  Activated recipient CD4+ and CD8+ T-cells migrate from the circulation to 

the transplanted organ and enter the interstitial space.  CD8+ T-cells release cytotoxic 

granules containing perforin and granzyme A+B. Proinflammatory cytokines and 

chemokines are released by macrophages and CD4+ T-cells, which contribute to tissue 

inflammation by priming cytotoxic T-cells, stimulating the humoral response, activating 

NK cells and recruiting further neutrophils and macrophages to the graft.  Infiltrating T-

cells and macrophages invade the tubules, resulting in tubulitis.  In this inflammatory 

environment, tubular epithelium cells upregulate ICAM-1 and co-stimulatory 

molecules for T-cells, driving inflammation.  In extreme cases, this can lead to rupture 

of the basement membrane and leakage of tubular proteins into the interstitium, 
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furthering graft dysfunction and proteinuria.  Infiltration of the vascular endothelium 

of small and medium sized arteries can lead to endothelialitis which can be associated 

with haemorrhage. 

                                     

1.2.1.2 ANTIBODY MEDIATED REJECTION (ABMR) 
Donor specific antibodies bind to foreign HLA molecules on the graft endothelium, 

initiating antibody mediated injury through multiple mechanisms.  The amount of 

circulating antibody, antibody isotype as well as the individual antibody specificity and 

expression level of its target will play a role in determining the pathogenesis of 

subsequent injury and severity of clinical outcome.   

 

First described in 1966 by Kissmeyer-Nielson et al, hyperacute rejection is a 

catastrophic event that usually occurs soon after the reperfusion of the transplanted 

organ, and frequently leads to graft loss.47  In the 1960s, this occurred in up to 28% of 

regrafts, and was recognised to be caused by preformed complement fixing antibodies 

in the recipient.47,48  Donor specific antibodies enter the donor vasculature, bind to the 

vascular endothelium and activate the complement and clotting cascades.  This leads 

to the formation of thrombi which occlude the vasculature resulting in ischaemia and 

necrosis of the graft.  For hyperacute rejection to occur, preformed complement fixing 

antibodies must be present in the recipient circulation (see Figure 1.9).  These can be 

IgM antibodies against ABO blood group antigens, or high affinity IgG antibodies 

usually directed against Class I HLA.  Hyperacute rejection is now avoided in most cases 

through the transplantation of ABO compatible organs, and by implementing 

crossmatch techniques between donor and recipient to inform on the presence of 

donor specific HLA antibodies prior to transplantation.  Non-complement fixing DSAs 

play a more indolent role in the pathogenesis of antibody mediated rejection.  The Fc 

portion of the endothelial cell-bound DSA can initiate antibody-dependent cytotoxicity 

via the ligation of Fc receptors on natural killer (NK) cells and macrophages.  Direct 

interaction of HLA antibodies with class I HLA on endothelial cells can result in multiple 

functional and phenotypic changes within the endothelial cell, including upregulation 
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of adhesion molecules, class II HLA, and the secretion of chemokines and cytokines, 

thus promoting recruitment and activation of leukocytes, and facilitating ongoing 

allograft damage.49–52 Low level crosslinking of HLA class I by HLA antibody can activate 

anti-apoptotic pathways within the endothelial cell leading to increased endothelial 

cell turnover and proliferation, and the duplication of the glomerular basement 

membrane seen with transplant glomerulopathy.  

 

Currently, active and chronic ABMR is diagnosed using the Banff criteria,53,54 and 

requires:  

- morphologic evidence of antibody interaction with the endothelium, 

- immunohistologic evidence of antibody interaction (linear C4d staining in 

peritubular capillaries) and  

- serologic evidence of donor specific antibodies.   

It has been recognised that C4d deposition can be present without morphologic 

evidence of active rejection, and conversely, C4d deposition can be absent in 

ABMR.55,56  Therefore, in the 2017 iteration of the Banff criteria increased expression 

of gene transcripts associated with ABMR was accepted as an alternative to C4d 

staining.57 

 

1.3 DEVELOPMENT AND DIFFERENTIATION OF B LYMPHOCYTES 

The development of B-cells is tightly regulated and takes place within the primary 

lymphoid tissue (foetal liver, and foetal/adult bone marrow).  The first development 

stages do not require contact with a foreign antigen but depend on the interaction 

with bone marrow stromal cells.  The first B-lineage cell arises from common lymphoid 

progenitors (CLP) as a pro-B-cell, which expresses the earliest B-lineage markers 

involved in signal transduction (CD19, CD45R), in addition to growth factor receptors 

(e.g. IL-7, CD25) and CD38.  The cell proceeds through several stages involving the 

random rearrangement of its immunoglobulin gene segments, generating antibody 

diversity.  The V, D and J gene segments in the heavy chain locus are rearranged first, 

and if successful, results in the expression of an intact µ heavy chain.  The µ chain pairs 

with two ‘surrogate’ light chains to form a pre-B receptor.  The presence of the pre-B 
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receptor is important to allow the cell to pass through the first checkpoint as a pre-B-

cell.  Additional markers displayed by the pre-B-cell include CD24 (unknown function).  

Following the successful rearrangement of V and J in the light chain locus, the pre-B-

cell becomes an immature B-cell that expresses a complete IgM that associates with 

the membrane-bound proteins Iga and Igb to form a functional B-cell receptor (BCR).  

At this point, the immature B-cell is tested for autoreactivity.  The self-tolerant 

immature B-cell enters the periphery as the transitional B-cell (TrB) which expresses 

high levels of surface IgM and IgD (Figure 1.8).  Transitional B-cells represent 

approximately 4% of the peripheral B-cells in healthy adults.58 
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Figure 1.8. Development and Differentiation of human B-cells, with common surface 

markers 

The antigen-independent stage begins within the primary lymphoid organs and relies 

on the interaction with stromal cells. The immature B-cell enters the peripheral 

circulation as a TrB.  There are 3 types of mature B-cells: B1, marginal zone, and 

follicular.  Further development is antigen dependent, occurs in the periphery, and is 

characterised by clonal expansion, class switch recombination and somatic 

hypermutation.  This results in the generation of primed memory cells and long-lived 

plasma cells. Image created with BioRender.com 
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1.3.1 B-CELL ACTIVATION 

Further activation and maturation of the B-cell is antigen dependent, requiring two 

signals.  The first signal is delivered through antigen binding to the B-cell receptor 

(BCR).  The molecules Igα and Igβ associated with the BCR contain a single immune-

receptor tyrosine-based activation motif (ITAM) in their cytosolic tails, allowing for 

signal transduction when the BCR binds to an antigen.  The second signal is delivered 

either by T helper cells (T-cell dependent activation) or by certain microbial antigens 

(T-cell independent activation).   

1.3.1.1 T-CELL DEPENDENT ACTIVATION 

B-cell activation in response to protein antigens require antigen specific T-cell help.  

The antigen binds to the BCR, is internalised, processed, and presented on the cell 

surface within the MHC class II-peptide complex where it may be recognised by the 

cognate TCR on a helper cell.  In turn, the T-cell becomes activated and provides the 

second B-cell activation signal (which involves T-cell dependent costimulatory ligands 

and cytokines including CD28 and CD40 ligand [CD40L], IL-21, IL-4). This interaction 

generates short lived plasma cells and memory cells with low binding affinity to the 

antigen, together with the development of microanatomical structures within the 

secondary lymphoid tissue called germinal centres.59  Germinal centres contain a 

specialised subset of CD4+ T-cells, T follicular helper cells, which support B-cells as they  

undergo clonal expansion, somatic hypermutation and class switch recombination 

resulting in the generation of primed memory cells, and long-lived plasma cells.  These 

generated B-cell clones express the BCR with the highest affinity to the activating 

antigen.  A proportion of the plasma cells will persist in survival niches (the bone 

marrow or secondary lymphoid organs), where they continuously produce low level 

antibodies independent of further T-cell help.60 

 

The memory cells recirculate, and upon re-encounter with the priming antigen, will 

rapidly proliferate and differentiate into short and long lived plasmablasts, augmenting 

the antibody levels (Figure 1.8).    
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1.3.1.2 T-CELL INDEPENDENT (TI) ACTIVATION 
B-cells can be activated and induced to produce antibodies without T-cell help as signal 

2 can also be delivered by the binding antigen.  This usually occurs with antigens that 

are commonly found on the surface of pathogens.  TI activation is advantageous as this 

results in a rapid B-cell response to the invading pathogen.  However, the B-cell clones 

do not undergo affinity maturation or develop into memory cells, both of which 

require T-cell help.  The TI antigens are broadly split into two groups, TI-1 and TI-2.     

1.3.1.2.1 TI-1 ANTIGENS 

TI-1 antigens (also described as mitogens), bind to toll like receptors (TLRs), inducing 

polyclonal B-cell activation and a non-specific antibody response.   

1.3.1.2.1.1 TOLL LIKE RECEPTORS 

Toll like receptors (TLR) are a family of receptors that recognise molecular patterns 

characteristic of pathogenic microorganisms, often called pathogen-associated 

molecular patterns (PAMPS).  TLRs are instrumental in initiating inflammatory 

responses and priming adaptive responses.  There are 10 TLR genes in humans which 

encode different receptors, each able to recognise distinct molecular patterns 

produced by pathogens (for example lipopolysaccharides and CpG oligonucleotides).  

TLR ligation provides one mechanism by which B-cells can be activated independent of 

T-cell interaction.   Whereas most of the TLRs are expressed on the cell surface, three 

TLRs (TLR 3, TLR 7, and TLR 9) are found in endosomes, allowing the recognition of the 

breakdown products of pathogens.  TLRs are widely expressed by many cells of the 

immune system as well as other non-immune cells for example fibroblasts and 

epithelial cells.  Most TLRs signal via the adapter proteins called the myeloid 

differentiation factor 8 (MyD88), leading to the production of proinflammatory 

cytokines.61  TLR2 and TLR4 agonists in addition are able to induce IL-10 expression 

through the MyD88 or Toll/IL-1 receptor-domain-containing adaptor protein inducing 

IFNβ (TRIF, also known as TICAM1) by macrophages and dendritic cells.62  TLRs are also 

expressed on human B-cells at most stages of development, including the CLP, 

however different B-cell subsets will express different TLR patterns. Peripheral naïve B-

cells for example express low levels of TLRs 1, 7, and 9, whereas memory B-cells 
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express high levels of TLR 1, 6, 7, 9 and 10, and plasma cells express further TLRs 

including TLR 3 and 4.63–65 TLR ligation therefore plays a role in B-cell development, 

differentiation and activation, together with antibody and cytokine secretion.61  

1.3.1.2.2 TI-2 ANTIGENS 

TI-2 antigens, for example bacterial capsular polysaccharides, glycolipids or 

glycoproteins, are characterised by a highly repetitive structure.  This repetitive 

structure allows several epitopes of TI-2 antigens to crosslink multiple BCRs at the 

same time, resulting B-cell activation and a rapid IgM response.66,67  Whereas TI-1 

antigens can activate immature and mature B-cells, TI-2 antigens can only activate 

mature B-cells.68 

 

1.4 EFFECTOR FUNCTIONS OF B-CELLS 

1.4.1 ANTIBODY PRODUCTION 

B-cells were first considered as antibody producers in 1890 following the discovery of 

circulating antitoxins to diphtheria and tetanus.69  Subsequently, it was proposed that 

cells displaying preformed antibody receptors produced antitoxins, and these cells 

could be induced to produce more antibody receptors that were specific to the 

activating antigen.70  Electrophoresis of sera by Tiselius et al in the 1930s 

demonstrated that antibodies were gamma globulins, and in 1948 Fagraeus et al 

correlated antibody production with plasma cell development following 

immunisation.71,72  Structurally, antibodies consist of paired heavy and light chains 

which are comprised of variable and constant regions.  Light chains have a single 

variable and constant region, whereas heavy chains have one variable and 3 constant 

regions.  The variable regions determine antigen specificity whereas the constant 

regions interact with other elements of the immune system.  There are 5 different 

classes of antibodies that provide differing effector functions.  Figure 1.9 provides an 

overview of the different antibody classes.
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Figure 1.9.  Effector Functions of Antibody Isotypes 

Created with Biorender.com 
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1.4.1.1 ALLOSENSITISATION AND HISTOCOMPATIBILITY 
In the context of transplantation, a patient is considered to be sensitised when they 

develop reactivity to alloantigens.  The molecular correlate of sensitisation is the 

formation of highly specific IgG by an iterative process of genetic recombination 

following T-cell dependent activation of B-cells.  The exposure to mismatched 

alloantigens occurs through three principle routes: paternal antigens in utero during 

pregnancy, by blood transfusion (contaminated by leukocytes) and previous 

transplants. A minority of cases may be attributable to other events including 

vaccination, infections, or sexual exposure.  The risk of developing antibodies has been 

shown to increase with the amount of exposure to foreign HLA,73 and certain 

sensitising events, for example pregnancy, can result in a stronger and more durable 

immune response.74  The presence of IgG donor specific HLA antibodies has been 

associated with poor graft outcomes. 47,75–77  Preformed IgG DSAs have been 

implicated in hyperacute rejection and ABMR within the first year post transplant.78,79  

Additionally, the development of de novo DSAs, especially class II DSAs are associated 

with increased microcirculation inflammation, glomerulopathy, capillary basement 

membrane multilayering and C4d staining on biopsy, with reduced graft survival after 

biopsy.80–82  Once a DSA develops, up to 40% of patients will subsequently lose their 

graft.82 On the other hand, not all DSAs have been associated with allograft damage 

and loss.  Recent studies show that 30% of non-sensitised patients can develop de 

novo donor specific antibodies following transplantation without demonstrating 

evidence of rejection on biopsy.82,83  This can possibly be explained by the 

characteristics of the antibody itself, for example, titres, IgG subclasses, the antibody’s 

ability to fix complement, and affinity.  Alternatively, graft characteristics such as 

target antigen expression levels and the endothelial cell signalling response to 

antibody binding may play a role.  Low level DSAs for example, have been found to be 

protective by preventing cell lysis when subsequently exposed to higher levels of DSA.  

This is thought to be through the activation of the phosphoinositide-3-kinase protein 

kinase B (PI3/Akt) signalling pathway which upregulates anti apoptotic proteins and 

promotes proliferation, thus abrogating the cytotoxic effects of complement.84–86 
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H&I laboratories aim to assess risk by measuring HLA antibodies prior to 

transplantation.47,75–77  There are 3 commonly used methods for determining the 

presence of donor specific antibodies: 

 

Cell Dependent Cytotoxicity Crossmatch 

First described by Paul Terasaki, the cell dependent cytotoxicity (CDC) crossmatch is 

used to determine the presence of complement fixing IgM and IgG antibodies by 

incubating donor cells with recipient serum in the presence of complement and a cell 

viability stain.87  The crossmatch is reported based on the relative proportion of viable 

and dead cells visualised at the end of the incubation period.  A positive crossmatch 

was associated with hyperacute rejection, and was therefore at the time, considered a 

veto to transplantation.87  The initial crossmatch method has since been modified to 

improve sensitivity, and to separate donor T and B-cells, allowing the assessment of 

potential class I (T-cell reactivity) and class II (B-cell reactivity) HLA DSAs.  Some 

protocols include the pre-treatment of serum using dithiothreitol (DTT) to remove IgM 

antibodies.  The CDC assay continues to be used for antibody screening and 

histocompatibility testing however there are inherent problems with the assay.  CDC 

assays can only test for complement fixing donor specific antibodies.  Non-

complement fixing antibodies, or low titre antibodies cannot be ruled out with a 

negative CDC crossmatch.  Furthermore, as the test output measures cell viability, the 

test sensitivity and specificity are heavily influenced by the quality of donor cells.    

 

Flow Cytometric Crossmatch 

The flow cytometric crossmatch (FXM) is considered up to 250 times more sensitive 

than the standard CDC crossmatch technique and measures total IgG DSAs 

(complement fixing and non-complement-fixing).88  The fluorescence obtained from 

each cell is proportional to the bound antibodies and allows a more quantitative 

assessment of DSAs compared with the CDC crossmatch.  Similar to the CDC 

crossmatch, it does not determine the presence of HLA donor specific antibodies, 

simply antibodies that bind to donor lymphocytes.  
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Virtual Crossmatch 

The final method for determining histocompatibility is to perform a virtual crossmatch.  

Recipient sera are screened for IgG HLA antibodies, and specificities are compared 

with the HLA type of the donor.  Screening for antibodies previously involved 

performing multiple crossmatches on a locally maintained or a commercially sourced 

cell panel.  These have been superseded by solid phase testing including enzyme linked 

immunosorbent assay (ELISA) and the current gold standard test utilises Luminex 

technology where HLA are purified from cell lines and coated onto polystyrene 

microbeads.  Antibodies bind to the HLA and are visualised via a fluorochrome-

conjugated reporter antibody using flow cytometry.  The differing ratio of internal dyes 

within each bead allow hundreds of antigen specificities to be tested in a single assay, 

resulting in a rapid and a highly sensitive screening tool (see Figure 2.2a).  

Demonstrating HLA antibodies with this method has been shown to be more sensitive 

than the flow crossmatch, however, relies on the assumption that these antibodies will 

also bind to donor cells.  Local laboratory experience and validation studies will 

provide a level of DSA (class I, II and even specific loci) that typically is associated with 

flow or CDC crossmatch positivity.  The virtual crossmatch has been increasingly used 

for selected patients who have stable HLA antibody profiles and well documented 

sensitisation histories as it minimises the laboratory contribution to the organ cold 

ischaemic time.  The Luminex HLA antibody assay however has its own limitations.  

Laboratories are reliant on a comprehensive bead panel that is representative of 

antibodies found in their patient and donor population.  There is increasing evidence 

that false positive profiles can occur, possibly as the result bead manufacturing 

process.89  Usually, a combination of crossmatch techniques will be performed at the 

time of offer to inform on compatibility and risk.   

 

HLA-specific antibodies have been referred to in the literature using the following 

commonly used terms: anti-HLA-antibodies, and HLA-antibodies.  ‘Anti-HLA-antibodies’ 

has also been used to describe idiotypic antibodies.  Therefore, for the purposes of this 

thesis, I will be referring to HLA-specific antibodies as ‘HLA antibodies’. 
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1.4.2 ANTIGEN PRESENTATION 

B-cells express HLA class I and II, and can present both endogenous and exogenous 

peptides to T-cells.  Whereas other APCs present exogenous peptides following the 

non-specific uptake of antigen, B-cells bind to specific antigens via the B-cell receptor 

(BCR).90,91  The BCR and antigen will internalise and enter the endosomal 

compartment, allowing for antigen processing.  The peptides presented to CD4+ T-cells 

via HLA class II therefore are those to which the B-cells are highly specific, therefore 

establishing a cognate link between the T and B-cell.  This augments both the T-cell 

response to the activating B-cell, and B-cell activation following T-cell help.90,91 

Following activation and clonal expansion, the B-cell becomes the predominant 

antigen presenting cell.  Expression of co-stimulatory molecules including CD80, CD86 

and OX40L allow the B-cells to prime and activate T-cells almost as effectively as 

dendritic cells, driving a highly specific and robust immune response.   

 

1.4.3 CYTOKINE SECRETION 

B-cells can modulate the immune system through the secretion of pro-inflammatory 

and regulatory cytokines.92–97 The type and the amount of cytokine produced varies 

across the B-cell subsets, influenced by the activating signal and microenvironment.   

Similar to Th1 and Th2 responses, activated B-cells can be distinguished depending on 

their distinct patterns of cytokine secretion.  Harris et al identified two populations of 

effector B-cells (Be-1 and Be-2) that produced different cytokine profiles depending on 

their stimulating environment.  Be-1 cells, primed by antigens and Th1 cells, secreted 

cytokines that were associated with type 1 responses (IFN-γ and IL-12).  Be-2 cells on 

the other hand, primed by Th2 cells and antigens, produced cytokines associated with 

type 2 responses (IL-2, IL-4 and IL-13).97  Through the production of different cytokines, 

these B-effector cells were able to drive the differentiation of naïve CD4+ T-cells to 

either Th1 or Th2 cells.97  
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1.4.3.1 INTERLEUKIN-10 (IL-10) 
Interleukin-10 (IL-10), a key cytokine involved in immune regulation, was first 

described as a Th2-type cytokine when it was initially found to be produced by murine 

Th2 cells, inhibiting Th1 cell activation and cytokine production.98,99 It is now known 

that IL-10 is widely expressed by macrophages, dendritic cells, various T-cell subsets 

and B-cells.100–102  Additionally, endothelial, epithelial, and some tumour cells have also 

been shown to express IL-10.103–105 It affects multiple cellular processes which include 

reducing the production of inflammatory cytokines, suppressing the proliferation of T-

cells, inducing FoxP3 regulatory T-cells, and inhibiting antigen presentation.106,107  IL-10 

mediates its action by binding to the IL-10 receptor.  The IL-10 receptor consists of 2 

subunits (IL-10R1 and IL-10R2).  IL-10 binds to IL-10R1 with high affinity which results 

in a conformational change, allowing IL-10R1 to oligomerise with IL-10R2.108  Closely 

associated with the intracellular domains of IL-10R1 and IL-10R2 are Janus Kinase (JAK) 

1 and tyrosine kinase (Tyk) 2 which are brought together allowing for 

phosphorylation.109,110  Jak1/Tyk2 phosphorylate two further residues on IL-10R1 

which are required for the recruitment and activation of signal transducer and 

activator of transcription (STAT) 3.110,111  Activated STAT3 homodimers translocate 

from the cytoplasm to the nucleus allowing the transcription of several regulatory 

factors that inhibit the transcription of pro-inflammatory cytokines and 

chemokines.112,113  The IL-10 receptors are expressed mainly by leukocytes, and 

expression is upregulated following activation of various cells suggesting its 

importance in regulatory activity.102  

 

IL-10 has direct effects on T-cell responses, by inhibiting chemokine and cytokine 

production.  It is important in maintaining FoxP3 expression in regulatory T-cells 

together with promoting their survival.107 It can act directly on CD4+ cells, inducing 

non-responsiveness.114  Indirectly, IL-10 can affect T-cell activation by decreasing the 

production of pro-inflammatory chemokines and cytokines by macrophages and 

limiting antigen presentation via the downregulation of cell surface MHC class II 

expression. 115 
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IL-10 plays a complex role in regulating B-cell function, and possibly the timing of IL-10 

ligation in relation to B-cell activation determines whether it has an inhibitory or 

stimulatory effect.  For example, when purified human B-cells were cultured with 

Staphylococcus aureus Cowan I, if IL-10 was added during the initial activation, it 

facilitated apoptosis of the activated B-cells.  However, if IL-10 was added after 72 

hours of culture, it prevented apoptosis, and supported B-cell differentiation.116  It can 

inhibit B-cell activation by reducing the expression of costimulatory molecules 

including CD80 and CD86.117  IL-10 itself can directly suppress immunoglobulin 

production, and in a model of allergy, can skew specific isotype formation to an IgG4 

dominant phenotype.118  Finally, an autocrine effect on the expansion of IL-10 

competent B-cells has been described.119  IL-10 has also been demonstrated to prevent 

the apoptosis of germinal B-cells and induce differentiation of activated B-cells, and 

enhance immunoglobin production.120,121   

 

Human B-cells can produce IL-10 following CD40 stimulation alone, yet when the 

activating stimulus includes the B-cell receptor together with CD40, the 

proinflammatory cytokines TNF-α, lymphotoxin and IL-6 are produced.122  Further 

work showed that different cytokines were produced by different B-cell subsets, 

where memory cells were found to be responsible for producing the majority of 

lymphotoxin and TNF-α following BCR and CD40 ligation, yet naïve B-cells mainly 

produced IL-10 following CD40 activation alone.123 The plasticity of transitional B-cell 

cytokine production has been investigated in the context of renal transplantation, 

where the ratio of IL-10 to TNF-α production was measured following TLR and CD40 

stimulation.124  

 

1.5 REGULATORY B LYMPHOCYTES (BREGS) 

B-cells with immunosuppressive capacity were first described in guinea pigs in the 

1970, however, Mizoguchi first presented the term ‘regulatory B-cell’ in a murine 

model of colitis, where CD1d+ B-cells were found to produce IL-10 and inhibit disease 

progression through the downregulation of inflammatory cascades.125,126  
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Subsequently, IL-10 producing B-cells were shown to suppress inflammation in murine 

models of experimental autoimmune encephalitis, lupus, and arthritis.127–129  

 

It was not entirely clear whether or how these findings would translate to humans 

until the observation that patients receiving the anti-CD20 monoclonal antibody 

rituximab were at increased risk of developing psoriasis, or exacerbations of ulcerative 

colitis, leading to the hypothesis that rituximab was depleting B-cells with 

immunoregulatory function.130,131  This has led to an increase in studies focussing on 

the phenotypic and functional characteristics of immunosuppressive B-cells through 

the secretion of IL-10, or other immunosuppressive actions.  In humans, Bregs have 

been described in different B subsets in models of alloimmunity and autoimmunity, 

and have been summarised in Table 1.2.  Although there is currently no specific marker 

for Bregs (either transcriptional or cell surface), it is accepted that Bregs typically 

produce IL-10.94,95,132,133   

 

In addition to inhibitory cytokine secretion, Bregs can also exert their regulatory 

activity through direct cell-to-cell interactions.  The cell surface molecules that have 

been implicated in this regulatory activity include CD80, CD86, CD40, CD1d which are 

able to inhibit effector T-cell function, induce regulatory T-cells (observed via increase 

of FoxP3 and CTLA-4 expression) and induce apoptosis of the target cell.134–136  It is 

thought that CD25+ B-cells can induce expression of FoxP3 and CTLA-4 on Treg cells 

through this direct cell contact.96 

 

The differing cell-surface phenotypes of B-cells with IL-10 capacity have led to a lack of 

consensus surrounding the ontogeny of Bregs.  The first model suggests that Bregs, like 

regulatory T-cells, develop from a single B-cell lineage.137,138 In the second model, B-

cells can acquire a regulatory phenotype in response to the local microenvironment, 

and consequently, Bregs can arise from different B-cell populations.139  Table 1.2 lists 

the different human regulatory B-cell phenotypes currently described in the literature. 
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 Phenotype Mechanism of 
suppression 

In vitro model Reference 

Immature CD19+CD24hiCD38hi IL-10, PD-L1 CD40L activation in 
SLE patients 

95 

TrB CD19+CD24hiCD38hi IL-10:TNF-a CPG and CD40L 
activation in Renal 
transplant recipients 

124,140,141 

Naive CD19+CD27- IL-10 CD40L activation in 
multiple sclerosis 
patients 

123 

B10 cells CD19+CD24hiCD27+ IL-10 LPS and CPG 
activation in healthy 
donors, and patients 
with RA, SLE, SS, and 
MS 

94 

 

Memory CD19+CD24hiCD27+ 

 

IL-10, HLA-G 
expression 

CPG and CD40L 
activation in renal 
transplant recipients 

142 

Plasmablasts CD27intCD38+ IL-10 Healthy donors, 
activation with CPG, 
IL-2, IL-6, IFN-g 

143 

CD25+  CD19+CD25high CD27high 

CD86highCD1dhigh  

IL-10, TGF-b 

Direct cell 
contact 

Healthy donors, 
ANCA-vasculitis. CPG, 
CD40L, IL-4 

96,144 

Table 1.2. Phenotype of Bregs in humans 

(SLE: systemic lupus erythematosus, RA: rheumatoid arthritis, SS: Sjogren syndrome, 

MS: multiple sclerosis, LPS: lipopolysaccharide) 
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1.5.1 ACTIVATION OF REGULATORY B-CELLS 

Bregs can be activated to produce IL-10 by a combination of signalling pathways 

including TLR and BCR ligation, and co-stimulation mediated by CD40, CD80/86, and 

cytokines.145 There are two main models describing Breg activation, and in both 

models, TLR and CD40 ligation are considered essential.146,147  CD40 is a membrane 

associated protein and member of the TNF superfamily.  It is expressed on B-cells and 

other cells including monocytes, macrophages, dendritic cells, platelets, and 

endothelial cells.  Its ligand, CD40L (also known as CD154) is expressed primarily on 

activated T-cells.148  The CD40-CD40L interaction provides the co-stimulation necessary 

for the maturation of the B-cell, isotype switching and somatic hypermutation.149  

However, prolonged signalling with high density of CD40L can have inhibitory effects, 

for example it can reduce antibody secretion by the B-cell. 150 In a murine model of 

autoimmune encephalitis when B-cells were incubated with antigen providing BCR 

stimulation only, IL-10 was not produced.  However, when CD40 was added to the 

culture, IL-10 was produced and this correlated with clinical recovery.151 Similarly in a 

murine model of collagen induced arthritis, therapy with an agonistic CD40 

monoclonal antibody was associated with IL-10 production by B-cells, and clinically, 

disease progression was controlled.152    

 

In the first model of described by Fillatreau et al, Breg activation is a multi-step 

process.  The first step includes TLR ligation to initiate IL-10 production.  As the 

immune response develops, the B-cells gain further immunosuppressive function, 

where BCR and CD40 binding is required to promote Breg survival and augmented IL-

10 secretion.139,153  This model has been developed following investigations of murine 

experimental autoimmune encephalomyelitis (EAE).  After naïve B-cells were activated 

with TLR4 for 72 hours, they were able to produce enough IL-10 to inhibit the 

proliferation and differentiation of CD4+ T-cells.139  Mice lacking IL-10 competent B-

cells developed early chronic EAE, due to an uncontrolled pathogenic Th1 response.  

However, if the B-cells lacked CD40L only, the mice went on to develop chronic EAE, 

which occurred after 10 days.151  This suggests that CD40 is required for sustained IL-

10 production.151  
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In the second model, favoured by Mizoguchi et al in the context of autoimmune 

diseases, Breg activation occurs via different pathways.  Mesenteric lymph node B-

cells, or alternatively B1 cells are activated by TLR signalling (either lipopolysaccharide 

or CPG) representing an ‘innate-type’ Breg subset, whereas follicular B-cells receive 

stimulation by CD40 with or without BCR ligation resulting in adaptive-type B regs.154   

 

In humans, in vitro studies have demonstrated that TLR9 ligation is crucial for the 

development of Bregs and is the strongest stimulus for IL-10 production; this can be 

enhanced with CD40 stimulation.155,156  Bouaziz et al demonstrated that the duration 

of TLR9 ligation was important in the development of IL-10 capacity across the 

different B-cell subsets.  Short term activation (5 hours) of purified B-cells using CPG-B, 

phorbol myristate acetate (PMA) and ionomycin resulted in IL-10 production by 

CD19+CD27+ memory and CD19+CD24+CD38+ transitional B-cells.155  The authors found 

that TLR and BCR stimulation (using CPG-B and anti-Ig) for 48 hours resulted in 

maximal IL-10 production by purified B-cells.  A longer stimulation period also revealed 

IL-10 producing naïve cells which upregulated TLR9 expression following BCR 

ligation.155  When purified tonsillar B-cells were stimulated with CPG alone, an 

upregulation of activation markers including CD40 was noted, however the 

proliferation of B-cells and their production of IL-10 was not apparent until the cells 

were co-cultured with CD40L-expressing cell line.157 

 

These experiments support the concept that not only the B-cell subset but other 

factors including the B-cell activation status and the specific microenvironment can 

contribute to Breg formation. 158  

1.5.2 REGULATORY B-CELLS IN RENAL TRANSPLANTATION 

Previous studies conducted in Leeds focussed on the immune phenotype of allograft 

recipients in a randomised controlled trial, and demonstrated that following 

alemtuzumab induction, patients had higher numbers of B-cells including naïve, TrB, 

and regulatory subsets compared with those receiving basiliximab induction.140  Bregs 

were characterised not only by IL-10 secretion, but additionally by TNF-a expression, 
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using a ratio of IL-10:TNF-a to describe cytokine polarisation from different B 

subsets.124  In healthy volunteers, TrBs were found to have the most anti-inflammatory 

profile based on the IL-10:TNF-a ratio and were capable of suppressing pro-

inflammatory Th1 polarisation in autologous T-cells in vitro.  However, TrBs from 

patients with rejection, were unable to suppress the expression of Th1 cytokines by T-

cells.  In allograft recipients, higher numbers of TrBs were associated with better graft 

function, and less HLA antbodies.140  A low TrB IL-10:TNF-a ratio was associated with 

poor graft outcomes in patients with graft dysfunction. In stable patients, a reduced 

ratio was predictive of worse outcomes.  

 

Human TrBs can be further subdivided into T1 and T2 subsets.  T1 represents a more 

immature cell with increased expression of CD24, CD38, IgM and CD10 compared with 

T2.140,159  Additionally, T1 cells exhibit a higher IL-10:TNF-a ratio through conserved 

levels of IL-10 but decreased TNF-a expression.124  In healthy subjects, the ratio of 

T1:T2 cells is approximately 25:75.141  Patients with chronic antibody mediated 

rejection (CAMR) have been shown to have an altered distribution of T1 and T2 cells, 

with a decreased T1:T2 ratio compared with other patients who had graft dysfunction 

but no evidence of CAMR on biopsy.141   

 

1.6 THE DIFFERING EFFECTS OF INDUCTION AND MAINTENANCE 

IMMUNOSUPPRESSIVE AGENTS ON THE B-CELL PHENOTYPE 

Most immunosuppressive agents routinely used in renal transplantation can affect B-

cells and B-cell subsets, both directly and indirectly.  Routine steroid-sparing 

immunosuppression in Leeds includes Alemtuzumab induction followed by tacrolimus 

monotherapy. The second line regime, used in approximately 30% of the transplant 

population, includes Basiliximab followed by tacrolimus and mycophenolate mofetil 

(MMF).  Alemtuzumab is a humanised monoclonal antibody against CD52 that is highly 

expressed on lymphocytes, monocytes and NK cells.  The binding of alemtuzumab to 

CD52 targets the cell for antibody dependent cellular cytolysis, and complement 

mediated lysis, resulting in the profound depletion of the cells.  Following depletion, 
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monocytes rapidly repopulate the periphery, followed by NK cells.160  Lymphocyte 

repopulation can take up to a year, and often B-cells will repopulate exceeding pre-

induction levels.140,161  Basiliximab is a chimeric monoclonal antibody that binds with 

high affinity to the a chain (CD25) of the IL-2 receptor, preventing IL-2 ligation that is 

required for the activation of T-cells.  In healthy individuals, up to 65% of the 

peripheral B-cell population can express CD25, and therefore basiliximab can 

potentially have direct effects on B-cell function.162  Brisslert et al initially investigated 

the phenotypic and functional differences of CD25+ and CD25- B-cells.  They 

demonstrated that CD25+ B-cells are larger and more granular, and expressed more 

surface immunoglobulin and co-stimulating molecules (CD27 and CD80) than CD25- B-

cells.  They noted that CD25+ B-cells failed to secrete immunoglobulins on stimulation 

with IL-2, but during mixed lymphocytic reactions, CD25+ B-cells more efficiently 

activated allogenic T-cells compared with CD25- B-cells.  IL-2 blockade reduced this T-

cell proliferation.  The authors concluded that CD25+ B-cells played a significant role in 

antigen presentation and activation of T-cells.162 Subsequently, CD25+ cells have been 

shown to secrete higher levels of IL-10 compared with CD25- cells, and these cells were 

present in higher numbers in ANCA positive vasculitis patients during remission than 

those experiencing active disease, suggesting a potential regulatory role.144  CD25+ B-

cells have also been shown to enhance FoxP3 and CTLA-4 expression in regulatory T-

cells.96  Basiliximab induction may therefore affect this regulatory potential.  In vivo 

studies have also demonstrated that basiliximab induction can lead to an increased 

memory B-cell population.140,163   

 

The differing mechanisms of action (MOA) of the induction agents, as well as the 

potential effects of maintenance immunosuppression on B-cells will need to be 

considered when determining these biomarkers of graft outcome.  Table 1.3 

summarises the common immunosuppressive agents, together with the potential 

effects on B-cells. 
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Immunosuppressive 
Agent 

Mechanism of 
Action 

Peripheral B-cell effects References 

Alemtuzumab Monoclonal CD52 
antibody, depletes 
lymphocytes 

Elevated naïve and TrBs on 
repopulation.  Reduced 
memory cells 

140,161,164,165 

Basiliximab Anti CD25 antibody Increased total B-cells, and 
memory cells. No effect on 
TrBs. 
?affect regulatory 
potential through CD25 
blockade. 
Indirect: reduced plasma 
cell generation (reduced 
IL-2 production by T-cells) 

140,144,163,166 

Tacrolimus Calcineurin inhibitor No direct effect on B-cells 
or B-cell subsets.  Indirect: 
Reduced T-cell dependent 
activation, differentiation 
and immunoglobulin 
secretion 

167–170 

Ciclosporin Calcineurin inhibitor  Reduction of TrBs, reduced 
IL-10 capacity. 
Indirect: Reduced T-cell 
dependent activation, 
differentiation and 
immunoglobulin secretion 

170 

Sirolimus Mammalian target 
of rapamycin 
inhibitor 

Increased TrBs, reduced B-
cell 
proliferation/activation  

167,171 

Prednisolone Widespread anti-
inflammatory 
actions 

Induces apoptosis, reduces 
B-cell reconstitution after 
HSCT, reduces naïve and 
TrBs. 

168,169 

Mycophenolate IMPDH inhibitor, 
inhibits purine 
synthesis 

Inhibits B-cell proliferation 
+ plasma cell 
differentiation. Indirect:  
Reduced T-cell dependent 
activation 

168,169,172 

Azathioprine Inhibits purine 
synthesis 

Reduces TrBs and naïve B-
cells 

168,169,172 

Rituximab Chimeric anti CD20 
monoclonal 
antibody, depletes 
B-cells  

Transient increase in TrBs  173,174 

Table 1.3.  Common Immunosuppressive agents and their effects on B-cells in the 

periphery. 

IMPDH – inosine-5’-monophosphate dehydrogenase, TrB – transitional B-cell, HSCT – 

haemopoietic stem cell transplantation 
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1.6.1 B-CELLS IN ALLOTRANSPLANTATION 

B-cells were initially thought to be involved in with allograft rejection as an adjunct to 

T-cell mediated rejection.  However, it is increasingly recognised that B-cells can 

contribute directly to graft damage not only through antibody production but also 

through efficient antigen presentation.  They can shape the T-cell response through 

cytokine production and co-stimulation.  The differentiation into memory B-cells and 

plasma cells provides immune memory which must be considered in the case of highly 

sensitised patients or patients requiring regrafts.  Current immunosuppressive regimes 

have successfully targeted T-cell activation and proliferation, improving the rates and 

severity of TCMR.  However, despite this, there has not been an improvement in long 

term graft survival, and chronic antibody mediated rejection has become the 

predominant cause of immune-mediated allograft injury.  Unfortunately, current 

therapeutics are not as effective at treating ABMR and are not able to successfully 

target individual B-cell subsets.  The mechanistic understanding of the B-cell response 

to allotransplantation is required to develop therapies that can target individual B-cell 

subsets improve graft survival. 
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1.7 AIMS AND OBJECTIVES  

1.7.1 TO ASSESS THE DIFFERENCES IN MEDIUM – TERM CLINICAL 

OUTCOMES FOR ALLOGRAFT RECIPIENTS RECEIVING EITHER 

ALEMTUZUMAB OR BASILIXIMAB AS AN INDUCTION AGENT. 

Despite satisfactory short-term outcomes associated with alemtuzumab based 

immunotherapy, the widespread adoption of alemtuzumab as an induction agent in 

renal transplantation has not occurred, possibly due to concerns regarding the long-

term safety profile.  The longer-term outcomes in standard risk adult patients receiving 

their first kidney alone transplant will therefore be assessed by interrogating the UK 

NHS Blood and Transplant (NHSBT) renal registry.  Clinical outcomes (including renal 

function, patient, graft and rejection free survival) will be compared between 

alemtuzumab and other induction agents.  Data returns on cause of death and cause 

of graft loss will be assessed for any signals suggestive of increased malignancy or 

infection associated with alemtuzumab use. 

 

1.7.2 TO PROSPECTIVELY STUDY THE UTILITY OF TRBS AS AN EARLY 

BIOMARKER OF ALLOGRAFT OUTCOME 

Kidney transplant recipients have well-defined quantitative and qualitative TrB 

phenotypes, and changes in these phenotypes correlate with clinical outcomes.  The 

next step is to test the utility of these biomarkers prospectively and investigate 

whether they can be utilised to guide clinical management. 

 

A composite endpoint will be used to assess the utility of the biomarkers, and will 

comprise of surrogate markers that have been previously associated with adverse graft 

outcomes: 

• The development of de novo donor specific antibodies 76,77,175,176 

• A 30% reduction in estimated glomerular filtration rate (eGFR) between 3 - 18 

months 177 
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• Histological diagnosis showing immune-mediated changes, including antibody 

mediated, T-cell mediated or borderline rejection according to the Banff 2013 

criteria, evidence of transplant glomerulopathy, or recurrent disease.178,179 

• Proteinuria (urine protein-creatinine ratio, UPCR>50) 180 

 

1.7.2.1 HYPOTHESES 
1) A low 3-month TrB, T1:T2 ratio is predictive of later adverse graft outcomes. 

2) In patients with a troubled graft, TrBs, and T1:T2 ratio can risk stratify patients 

at risk of poor graft outcomes. 

 

1.7.3 TO DEVELOP AN IN VITRO MODEL OF THE IMMUNE MEMORY 

RESPONSE  

1.7.3.1 HYPOTHESIS: 
In patients who have experienced a previous sensitising event, the memory assay will 

uncover additional HLA antibody specificities to those identified in routine serum 

screening.  These additional specificities may potentially reflect an existing capacity to 

form a memory response. 

 

1.7.4 TO ASSESS THE ROLE OF PREFORMED HLA-DP DONOR SPECIFIC 

ANTIBODIES ON CLINICIAL OUTCOMES IN RENAL TRANSPLANT 

RECIPIENTS 

There is limited data surrounding the clinical outcomes following renal transplants in 

the presence of HLA-DP donor specific antibodies (DSAs).  Until recently, HLA-DP 

sensitisation was not considered in the UK allocation algorithm.  A retrospective 

analysis of transplants in the presence of HLA-DP DSAs will be performed, and clinical 

outcomes assessed to determine any factors that may help with risk stratifying these 

types of transplants.   
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2 GENERAL MATERIAL AND METHODS 

2.1 DNA EXTRACTION AND QUANTITATION 

Three different methods of DNA extraction were used. 

2.1.1 DNA EXTRACTION USING MAGNETIC BEADS (FIGURE 2.1) 

The Maxwell® 16 DNA extraction system (Promega) permits the automated extraction 

of DNA from batches of 16 different samples.  Whole blood samples were centrifuged 

for 10 minutes at 1450 x g to obtain a buffy coat.  Using a pastette, 500µl of buffy coat 

was transferred to well 1 of the corresponding reagent cartridge.  A magnetic plunger 

was added to well 7 and the reagent cartridge was inserted into the Maxwell 

instrument.   Molecular grade water (400µl) was added to an elution tube which was 

placed in front of each cartridge.  During the DNA extraction programme, cells were 

lysed, and paramagnetic MagneSil® particles were added to the lysed cells in order to 

capture the DNA.  The paramagnetic particles with bound DNA were moved stepwise 

through a series of wash steps.  The final heat-elution step delivered extracted DNA 

into the elution tube.  The elution tube was placed onto a magnet to separate the 

paramagnetic particles from the DNA which was transferred into an Eppendorf tube 

for quantitation and storage. 
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Figure 2.1. DNA Extraction using the Maxwell® DNA extraction system.  

Created with Biorender.com 

2.1.2 DNA EXTRACTION USING SPIN COLUMNS 

The QIAmp® DSP DNA Blood Mini Kit (QIAGEN) was used to extract DNA from high-risk 

or clinically urgent patient samples.  Whole blood samples were centrifuged at 1450g 

for 10 minutes to obtain a buffy coat.  QIAGEN protease (20µl) and 200µl of buffy coat 

were added to a 1.5ml Eppendorf tube and vortexed briefly.  The lysis buffer AL (200µl) 

was then added to the tube and mixed thoroughly.  The Eppendorf tube was placed in 

a heat block at 55-57°C for 10 minutes to allow lysis of the cells.  Following incubation, 

the tube was centrifuged briefly to remove any droplets from the inside of the lid.  The 

DNA was precipitated by adding 200µl of 96% ethanol to the sample and vortexing.  

The sample was then transferred to a spin column placed in a 2ml collection tube.  This 

was centrifuged for 1 minute at 16162 x g.  The spin column was placed into a clean 

collection tube and the filtrate was discarded.  The column was washed once by adding 

500µl of buffer AW2 to the spin column prior to centrifuging for 3 minutes at 16162 x 

g.  The spin column was transferred to a clean 1.5ml Eppendorf tube.  Between 100-
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150µl of molecular grade water was added to the spin column depending on the 

quality of the initial buffy coat obtained.  The spin column was incubated at room 

temperature for 1 minute to allow the precipitated DNA to dissolve in the water.  

Following this, the sample was centrifuged at 16162 x g for 1 minute to collect the 

DNA in the clean Eppendorf tube for quantitation. 

2.1.3 DNA EXTRACTION USING ETHANOL PRECIPITATION 

Whole blood was centrifuged at 1450 x g for 10 minutes to obtain a buffy coat.  

Concentrated red cell lysis buffer (5x RCL, 2ml) was added to a 15ml v-bottomed tube 

and diluted with 8ml of molecular grade water and 1-2ml of buffy coat was added.  

This was incubated for 5 minutes at room temperature on a Spiramix roller (Denley) to 

ensure mixing.  The tube was centrifuged at 1450 x g for 10 minutes.  The supernatant 

was carefully discarded, and the white cell pellet was re-suspended by in 1ml of 5x RCL 

buffer prior to transfer to a 1.5ml Eppendorf tube.  This was vortexed and then 

centrifuged at 16162 x g for 2 minutes.  The cell pellet was washed by resuspending in 

1ml of molecular water and centrifuging at 16162 x g for 2 minutes.  The supernatant 

was discarded.  The cell pellet was then resuspended in the following: molecular grade 

water (200µl), 5x proteinase K buffer (80µl), 10% SDS (40µl) and Proteinase K 10% 

solution (30µl).  The cells and mixture were incubated at 54-56°C for 10 minutes using 

a heat block.  Cold 6M sodium chloride solution (200µl) was added to the tube.  The 

sample was vortexed for at least 15 seconds to precipitate protein whilst keeping the 

DNA in solution.  The sample was centrifuged at 16162 x g for 5 minutes.  The 

supernatant was poured into a clean 1.5ml Eppendorf and the pellet of cellular debris 

was discarded.  Cold 96% ethanol was added to the Eppendorf tube to precipitate the 

DNA.  The tube was vortexed and then centrifuged at 16162 x g for 2 minutes.  The 

supernatant was discarded.  A final wash step was performed by resuspending the 

pellet was in 200µl of cold 70% ethanol prior to centrifuging at 16162 x g for 2 

minutes.  The supernatant was discarded and the excess 70% ethanol was removed by 

carefully wiping the inside of the tube.  Depending on the size of the DNA pellet, 

between 100-600µl of molecular grade water was added to dissolve the DNA.  The 
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DNA was placed in an incubator at 35-39°C for a minimum of 10 minutes prior to 

quantitation. 

2.1.4 DNA QUANTITATION 

DNA samples were obtained and allowed to come to room temperature.  The 

NanoDrop One Spectrophotometer (ThermoFisher Scientific) was initialised, and the 

loading pedestal cleaned with a lens tissue.  As DNA samples were dissolved in water, 

2µl of molecular grade water was loaded onto the pedestal to test its UV absorbance 

and provide a ‘blank’ or background value against which the absorbance of DNA could 

be measured.  The DNA was vortexed and 2µl was loaded onto the pedestal for 

testing.  The DNA concentration was noted.  The ratios of sample absorbance at 

260/280 nm and 260/230 nm were also recorded, allowing the assessment of DNA 

purity and contaminants. 
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2.2 HLA TYPING 

HLA typing was performed by the Transplant Immunology Laboratory in St James’s 

University Hospital.  Three complementary methods were routinely used: 

2.2.1 POLYMERASE CHAIN REACTION – REVERSE SEQUENCE SPECIFIC 

OLIGONUCLEOTIDE (PCR-RSSO) 

Overview 

This method was used to determine the initial HLA type of renal live donors, recipients 

and for verification typing of imported renal donors.  The ONELAMBDA LABType® kit 

was used, which allowed the batch typing of HLA – A, B, C, DRB1, DRB3/4/5, DQA1, 

DQB1, DPA1 and DPB1 loci using a 96 well plate format.  The gene of interest was 

amplified by PCR using locus specific biotinylated primers.  The biotinylated PCR 

product was then hybridised with a mix of up to 100 fluorescent Luminex 

microspheres, containing differing allele group discriminatory oligonucleotide probes 

on the bead surface.  This allowed the biotinylated amplicons to bind to their 

complementary oligonucleotide probes.  A secondary conjugate of streptavidin and 

phycoerythrin (SAPE) was then added to bind to the biotinylated PCR product allowing 

detection (Figure 2.2).   

 

Brief Method 

DNA was extracted, adjusted to a concentration of 20ng/ml, and 0.8 microlitres of the 

DNA was added to a 96 well PCR plate for each locus tested.  The LABType® D-mix and 

appropriate primers were allowed to thaw at room temperature.  A master mix 

containing the appropriate volumes of primer, D-mix and DNA polymerase was made 

according to the number of PCR reactions, adding 4 excess reactions per HLA locus 

(Table 2.1). 
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Reagent Volume per Reaction (µl) 

D-mix 5.6µl 

Primer 1.6µl 

Taq 0.06µl 

DNA 0.8µl 

Table 2.1.  LabType® Reaction volumes. Volumes of D-mix, Primer, DNA and DNA 

polymerase required per reaction  

 

The master mix (7.5µl) was added to each reaction well.  A negative and positive 

control reaction was included for each locus tested. The PCR plate was tightly sealed 

and centrifuged to ensure that all the contents were collected at the bottom of each 

reaction well.  The plate was placed on a thermocycler (Applied Biosystems Geneamp 

PCR System 9700) programmed for the following amplification reaction (Table 2.2): 

 

Number of Cycles Step Temperature (°C) Time (seconds) 
1 1 96 180 

5 
1 96 20 
2 60 20 
3 72 20 

30 
1 96 10 
2 60 15 
3 72 20 

1 1 72 600 
End 1 4 -- 

Table 2.2.  LABType PCR programme 

 

Following amplification, the biotinylated PCR products were transferred to a 96-well 

Luminex tray and placed on the LABXpress desktop bench top robot for hybridisation.  

The precalculated volumes of denaturation buffer, neutralisation buffer, wash buffer, 

SAPE solution and microbeads suspended in hybridisation buffer were added to the 

correct buckets and loaded onto the robotic platform.  
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The following hybridisation steps were performed by the LABXpress bench top robot: 

Denaturation solution (1.25µl) was added to each PCR product in the hybridisation tray 

and incubated at room temperature for 10 minutes.  Following this, 3µl of 

neutralisation solution was added to each PCR product and mixed several times.  

Hybridisation buffer containing Luminex microspheres (19µl) was added to each well 

and mixed.  The PCR tray was then placed into a pre-heated thermal cycler and held at 

60°C for 15 minutes.  Following this, each well was washed twice using 100µl of wash 

buffer.  Twenty-five microlitres of 1x SAPE solution was then added to each well, and 

the hybridisation tray was incubated at 60°C for 5 minutes.  The plate was then 

washed, and the contents of each well was resuspended in 50µl of wash buffer for 

acquisition by the LabScan 3D analyser. 

 

2.2.2 POLYMERASE CHAIN REACTION – SEQUENCE SPECIFIC PRIMER (PCR-

SSP) 

Overview 

This method was used to perform verification HLA typing on renal wait list recipients, 

their potential live donors, and as a secondary method for urgent HLA typing of 

deceased organ donors in an ‘on call’ setting.  A commercial PCR kit (Ready Gene, 

Inno-train Diagnostik) was used, allowing for the analysis of HLA-A, -B, -C, -DRB1, 

DQB1, -DRB3-5 and DPB1 loci.   

 

Brief Method 

DNA was extracted and adjusted to a concentration of 50ng/µl using molecular grade 

water.  The PCR trays containing pre-aliquoted primers for each locus of interest and 

the ReadyGene PCR master mix were defrosted.  DNA polymerase (Thermoprime Plus) 

and molecular grade water were added to the master mix according to the specified 

volumes (Table 2.3).   
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Locus Number of 
Reactions 

Volume of 
mH2O to add 

(µl) 
(6µl/well) 

Volume of 
PCR mix (µl) 

(3µl/well) 

Volume of Taq 
polymerase (µl) 

(0.08µl/well) 

Volume of 
DNA (µl) 

(1µl/well) 

A 24 168 84 2.2 26 
B 48 324 162 4.3 52 
C 24 168 84 2.2 26 

DRB1, 
DRB3-5 

24 168 84 2.2 26 

DQ 8 60 30 0.8 10 
DP 48 324 162 4.3 52 

Table 2.3. ReadyGene PCR Volumes. 

Volumes of molecular grade water, PCR master mix, Taq polymerase and DNA 

required for each HLA locus.  

 

Each HLA locus under test (excluding HLA-DQB1) had a negative control well.  Aliquots 

of the DNA polymerase/master mix (10µl) were added to each negative control well 

prior to the addition of the appropriate volume of DNA.  Following this, 10µl of the PCR 

mixture was added to each well (apart from the negative control wells).  The PCR tray 

was firmly sealed, vortexed and spun down to ensure that the samples collected in the 

bottom of each tube.  The PCR tray was placed in a thermocycler that had been 

programmed according to Table 2.4. 

 

Number of Cycles Step Temperature (°C) Time (seconds) 
1 1 96 120 

10 
1 96 15 
2 65 60 

20 
1 96 15 
2 61 50 
3 72 30 

End 1 4 -- 
Table 2.4. ReadyGene PCR Programme 
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Following PCR amplification, the amplicons were loaded onto a 2.5% agarose gel 

containing ethidium bromide.  A 100mbp electrophoresis ladder (2µl, Promega) was 

added to lane number 9 for each sample.  The samples were run out on the gel for 20-

25 minutes using 150 volts.  The agarose gel was transilluminated with UV light and a 

photograph taken.  The lane positions of the positive and negative reactions were 

compared with the ReadyGene interpretation worksheets to obtain an HLA type. 

 

2.2.3 ‘REAL TIME’ POLYMERASE CHAIN REACTION (RTPCR) 

Overview 

The LinkSeq™ (Linkage Biosciences) typing kit utilises a real-time PCR/quantitative PCR 

platform (QuantStudio™, ThermoFisher) to rapidly determine the HLA type (A, B, C, 

DRB1, DRB3/4/5, DQB1, DQA1, DPB1, DPA1) of deceased organ donors.  The 

QuantStudio™ instrument performs a PCR programme and then generates a melt 

curve of the PCR products.  During PCR-SSP, SYBR® Green, a dye which fluoresces 

when bound to double stranded DNA, is incorporated into the PCR products.  

Following the PCR programme, the products are heated, resulting in the dissociation of 

DNA into single strands.  With this, there is an abrupt loss of fluorescence; a product 

specific melt curve is generated and analysed by the QuantStudio. 

 

Brief Method 

The LinkSeq master mix (pre-aliquoted in kit) and typing tray (384-well plate) were 

brought to room temperature.  The plate was centrifuged at 400g for 1 minute to 

ensure that the reagents were located at the bottom of each well. DNA polymerase 

(92µl) was added to the master mix and carefully mixed by inversion.  The mixture 

(10µl) was then added to the water control well.  Molecular grade water and DNA was 

added to the buffer to achieve a total added volume of 2308µl DNA at a concentration 

of 1.3ng/µl.  The DNA/master mix/DNA polymerase mix was then decanted into a 

reagent reservoir to allow loading onto a 12-channel pipette.  Aliquots of 10µl were 

added to each well (apart from the water control well).  The plate was sealed and 

centrifuged at 400 x g for 1 minute.  The plate was then loaded onto the QuantStudio 
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real-time PCR instrument to run the PCR programme and construct the DNA 

dissociation curves. 

 

2.3 THE PRINCIPLE OF LUMINEX TECHNOLOGY 

The detection of HLA antibodies and HLA typing via rSSO utilise Luminex technology.  

The Luminex analyser is a type of flow cytometer that employs two lasers to 

interrogate microbead arrays.  The red classification laser excites the internal 

fluorochromes within each bead, allowing the software to differentiate individual bead 

populations within the bead mix.  The green reporter laser excites the phycoerythrin 

(PE) molecules that are attached to the reporter antibody (in the case of HLA antibody 

detection) or the SAPE molecules that have attached to the hybridised biotinylated 

PCR products.  HLAFusion is a software that translates the pattern of PE fluorescence 

obtained into either HLA antibody specificities, or HLA type (Figure 2.2). 
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Figure 2.2. The principle of Luminex Technology for A) HLA Antibody detection and B) 

HLA typing.  

Luminex beads contain two internal fluorescent dyes at different concentrations 

which can be configured into an array.  The surface of each bead is coated with 

differing capture HLA.  Step 1: The target analyte is incubated with the Luminex 

microspheres, and specific analytes are captured by the surface antigens on each 

bead.  Step 2: In the case of HLA antibody detection, a reporter antibody that is 

conjugated with PE is added.  For HLA typing, the biotinylated PCR product binds to 

the beads.  Streptavidin-PE (SAPE) is added which binds to the biotinylated products.  

Step 3: The sample is acquired using a Luminex flow cytometer, and the PE 

fluorescence is calculated for each bead.  Created using Biorender.com   
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2.4 ASSESSMENT OF HISTOCOMPATIBILITY 

Histocompatibility assessment was performed by the Transplant Immunology 

Laboratory in St James’s University Hospital according to the local policies.  This 

included a combination of one or more of the following tests: Complement Dependent 

cytotoxicity crossmatch (CDCC), Flow crossmatch (FXM), assessment of recipient HLA 

antibodies in the current or time of offer serum using single antigen beads (SABs).   

2.4.1 COMPLEMENT DEPENDENT CYTOTOXICITY CROSSMATCH (CDCC) 

Donor and recipient PBMCs were isolated using Ficoll centrifugation as described in 

section 2.11.  The T and B lymphocytes were then separated using magnetic beads 

(Dynabeads) using CD8 for T-cells and CD19 for B-cells.  Aliquots of current and historic 

recipient serum were placed in a water bath at 56°C for 30 minutes to inactivate 

complement and then allowed to cool to room temperature for 10 minutes.  Two oiled 

Terasaki trays were obtained.  Sera were added to the crossmatch trays according to 

Figure 2.3.  AB serum was used as the negative control.  Anti-B-cell and Anti-

lymphocyte sera were used for the positive control.  The ‘Allo’ crossmatch (donor 

lymphocytes added to recipient serum) was performed in the first tray.  The ‘Auto’ 

crossmatch (recipient lymphocytes added to recipient serum) was performed in the 

second tray.  T and B lymphocytes (1µl) from donor or recipient were added to the 

relevant wells.  The trays were then incubated at room temperature for 40 minutes. 

Freeze dried rabbit complement (Cedar Lane) was allowed to thaw on the bench for 5 

minutes prior to reconstitution in 1ml of molecular grade water.  Five microlitres of 

reconstituted complement was then added to each well of the Terasaki trays.  The 

trays were then incubated at 18-22°C for 40 minutes.  Acridine orange/ethidium 

bromide dye (2µl) was then added to each well and the trays were incubated in the 

dark at room temperature for 10 minutes prior to reading using an inverted 

fluorescent microscope.  The relative proportion of live (green) and dead (red) cells 

were assessed and compared with the negative control and positive control wells to 

provide a positive/negative crossmatch result with a score indicating the ‘strength’ of 

positivity (see Table 2.5). 
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Figure 2.3. Layout of the CDC crossmatch tray.  

Figure obtained from the SJUH transplant immunology laboratory SOP SLF2IMTS020 

version 7.2   

 

0 Unreadable / Invalid / No cells 

1 0 - 10 % Negative 

2 11 - 20 % Probably negative 

4 21 - 50% Weak positive 

6 51 - 80% Positive 

8 81 - 100% Strong positive 

Table 2.5. International Histocompatibility Workshop CDC crossmatch scoring 

system.   

Figure obtained from the SJUH transplant immunology laboratory SOP SLF2IMTS020 

version 7.2 
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2.4.2 FLOW CROSSMATCH (FXM) 

This was performed by the Transplant Immunology Laboratory at St James’s University 

Hospital.  A suspension of donor lymphocytes was obtained using Ficoll density 

centrifugation as described in (Section 2.11), or by infiltrating donor lymph node 

and/or spleen with phosphate buffered saline (PBS).  The cells were counted using a 

Neubauer chamber and adjusted to a concentration of 5x106 cells/ml in 1% foetal 

bovine serum supplemented PBS (FBS-PBS). 

Sera (recipient, negative control, positive control, 50µl) were added to numbered 

falcon tubes to allow testing in triplicate for each type of serum.  Fifty microlitres of 

donor cell suspension was added to each tube.  The contents of the tube were mixed 

gently and then incubated at 37°C in a water bath.  Following incubation, the tubes 

were placed in a DiaCent automatic cell washer (BioRad laboratories) and washed with 

1% FBS in PBS.  FITC anti-human IgG was diluted 1:40 with PBS and 50µl was added to 

each tube.  The tubes were mixed well and 2µl of neat anti-CD3-PE or 2µl of neat anti-

CD19-PE were added to the appropriate tubes.  The tubes were incubated at 2-8°C in 

the dark for 30 minutes.  The cells were washed with cold 1% FBS-PBS using the 

DiaCent cell washer and the cell pellets were resuspended with 300µl of 1% 

formaldehyde for flow cytometric analysis. 

2.4.3 ASSESSMENT OF HLA ANTIBODIES IN SERUM OR CELL SUPERNATANT 

USING ONELAMBDA SINGLE ANTIGEN BEADS (SABS) 

Routine HLA antibody screening and interpretation were performed by the Transplant 

Immunology Laboratory in St James’s University Hospital using the methods described 

in section 2.4.3.1.  The positivity threshold for HLA antibody reporting was a 

normalised median fluorescent intensity (MFI) > 2000.  Patients were screened on a 

quarterly basis as guided by the European Federation for Immunogenetics (EFI) 

Standards.181 
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2.4.3.1 POST TRANSPLANT MONITORING AS PART OF THE ALBERT STUDY 
Serum and cell supernatant were stored in aliquots at -80°C as they were collected.  To 

reduce inter-test variability, samples from the same patient were batched and tested 

at the same time, using the LABXpress benchtop robotic system.  All sera were diluted 

1:50 using 5% EDTA to minimise the prozone effect.182  10µl of either serum or 

concentrated cell-supernatant was added to a 96-well plate.  A positive and negative 

control was added to the start of each batch, and the plate was loaded onto the 

LABXpress tray deck.  The required volumes of reagents were calculated by the 

LabFusion software, based on the number of samples tested.  Wash buffer, PBS, Class I 

and Class II SABs, and IgG PE conjugates were added to the reagent racks.  The 

following steps were carried out by the LABXpress:  

Class I or Class II beads (5µl of 1:2 dilution with bead diluent) were added to each 

sample and mixed well. The plate was then incubated for 30 minutes in the dark at 

room temperature.  Non-specific binding was removed by 3 wash steps using wash 

buffer.  PE-conjugated IgG (100µl of 1:100 dilution) was added to each well, and the 

plate was incubated for 30 minutes in the dark at room temperature.  Finally, the 

plates were washed 5 times and the sample/beads were suspended in 80µl of PBS for 

acquisition on the Luminex-200 or Labscan-3D platforms. 

Serum reactivity was calculated using HLAFusion software by measuring the 

fluorescent signal for each HLA-coated bead, after correcting for the non-specific 

binding to the negative control bead within the sample.  The following equations were 

used: 
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𝑎)	𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑	𝑀𝐹𝐼 = 𝑆#𝑁 − (𝐵𝐺#𝑁 + (𝑆𝑁𝐶	𝑏𝑒𝑎𝑑 − 𝐵𝐺𝑁𝐶	𝑏𝑒𝑎𝑑)) 

𝑏)	𝑁𝐵𝐺	𝑟𝑎𝑡𝑖𝑜 =
𝑆#𝑁	/	𝑏𝑒𝑎𝑑

𝐵𝐺#	/	𝐵𝐺𝑁𝐶	𝑏𝑒𝑎𝑑 

Equation 1.  The Formulae for determining the threshold of positivity for HLA 

antibody detection using ONELAMBDA single antigen beads.  

Formula for calculating the normalised median fluorescence intensity value for each 

HLA-coated bead.  B) Formula for calculating the normalised background ratio to 

indicate the strength of the reaction above the negative control bead. S#N – sample 

specific fluorescent value for bead #N, SNC bead – sample-specific fluorescent value 

for the negative control bead, BG#N – background negative control (NC) serum 

fluorescent value for #N, BGNC bead – background NC serum fluorescent value for 

negative control bead 

 

For serum, a normalised (MFI) >1000 was considered positive.  For the preliminary 

analyses of cell supernatant, all specificities with MFI >0 were considered positive. 

2.4.3.2 SERUM TESTING FOR HLA ANTIBODIES USING LIFECODES SINGLE 
ANTIGEN (LSA) (IMMUCOR) BEADS 

Assigned wells of the filter plate were pre-wet by adding 300µl of distilled water.  After 

5 minutes the water was aspirated using a vacuum manifold.  The LSA beads were 

thawed and vortexed and 20µl were added to each assigned well.  5µl of patient sera 

were then added to each assigned well and mixed with gentle pipetting.  The plate was 

covered and incubated in the dark at room temperature for 30 minutes on a plate 

shaker.   

After 30 minutes of incubation, a wash step was performed. Wash buffer (100µl) was 

added to each well and the beads were resuspended using gentle pipetting.  The plate 

was then gently aspirated using the vacuum manifold.  Two further wash steps were 

performed using 250µl of wash buffer. 

The pre-diluted secondary conjugate (25µl of 1:10 dilution) was added to each well.  

The plate was covered and incubated for 30 minutes in the dark on a plate shaker.   
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The beads were resuspended in 80µl of wash buffer and the data was collected using 

the Luminex 200 instrument.  Serum reactivity was calculated using the Match IT! 

Antibody software (v 1.3, Immucor).  

 

2.5 PATIENT RECRUITMENT TO THE ALBERT STUDY 

Recruitment to the ALBERT (Assessment in Leeds of a Biomarker Early after Renal 

Transplantation) study commenced on 30/03/2016 after ethical approval was obtained 

(16/YH/0025).  Patients were recruited into 3 groups (Figure 2.4).  Group 1 

compromised of recently transplanted patients.  Group 2 were transplanted patients 

who were offered a ‘for cause’ biopsy (FCB) to investigate a deterioration in eGFR from 

baseline, or new onset proteinuria.  Group 3 were patients on the renal transplant 

waiting list, who had experienced a previous sensitising event.   

 

All newly transplanted adult patients, who had not yet achieved the composite 

endpoint, were approached. This included standard and high immunological risk 

patients, and patients who had received repeat transplants.  Additionally, samples 

were obtained from consenting healthy volunteers for use in preliminary work.   

 



 

 

 

 

56 

 
Figure 2.4. ALBERT Study Protocol Design.  

Three different groups of patients were recruited, and consent obtained.   

Group 1 patients were recent post-transplant recipients who were prospectively 

followed and had blood samples collected at set time points (3, 6, 12, 18 months 

post-transplant with additional sample collection if they were offered a biopsy).  

Group 2 patients were post-transplant recipients who were offered a biopsy after 1 

year post transplant.  Blood samples were collected at the time of biopsy.   

Group 3 pre-transplant patients who were active on the renal transplant wait list.  

Blood samples were collected at one timepoint only.  Clinical parameters were 

obtained from all patients at the time of blood sampling.   

Image created with BioRender.com 
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2.6 CYTOMEGALOVIRUS (CMV) PROPHYLAXIS 

Patients were assigned high, intermediate, and low risk categories for CMV 

reactivation depending on donor and recipient CMV status, and whether alemtuzumab 

was used as the induction agent (Table 2.6).  High CMV risk patients received 200 days 

of valganciclovir prophylaxis.  Intermediate risk patients received 100 days of 

prophylaxis, and low risk patients did not receive any prophylaxis. 

 

Donor CMV 
Status 

Recipient CMV 
Status 

Alemtuzumab Risk Status Prophylaxis 
(days) 

+ - ü/û High 200 
+ + ü Intermediate 100 
+ + û Low Nil 
- + ü Intermediate 100 
- + û Low Nil 
- - ü/û Low Nil 

Table 2.6. Definition of CMV Risk Status, with the duration of CMV prophylaxis 

required.  

+ positive, - negative. ü denotes if alemtuzumab was used as an induction agent. û - 

alemtuzumab was not used. 

 

2.7 ALLOGRAFT BIOPSIES 

Only ‘for cause’ renal allograft biopsies were performed.  Indications included delayed 

graft function (DGF), a sustained elevated urinary protein/creatinine ratio 

>50mg/mmol, or a sustained rise in creatinine.  C4d deposition was assessed using 

immunohistochemistry staining.  Biopsies were scored using the Banff 2017 criteria.54  

 

2.8 CLASSIFICATION OF HLA MISMATCH LEVELS 

The mismatch levels between donor and recipient have been summarised in Table 2.7, 

using the following NHS-BT mismatch categories: Level 1 000 A,B,DR, Level 2 0DR and 

0/1B, Level 3 0DR and 2B or 1DR and 0/1B, Level 4 1DR and 2B or 2DR, Table 2.7 183.   

  



 

 

 

 

58 

Level 
Summary of Mismatches at A,B 

and DR loci: 
A, B, DR Mismatches Included: 

1 000 000 
2 0DR and 0/1 B 100, 010, 110, 200, 210 
3 0DR and 2B or 1DR and 0/1B 001, 011, 101, 111, 201, 211, 120, 020, 220 

4 1DR and 2B or 2DR 
021, 121, 221, 002, 102, 202, 012, 112, 212, 
022, 122, 222 

Table 2.7 NHSBT-ODT Mismatch Levels 183 

 

2.9 IMMUNOSUPPRESSION 

The standard steroid-sparing immunosuppression regime consisted of 30mg of 

subcutaneous Alemtuzumab and 1g of intravenous methylprednisolone at induction, 

followed by tacrolimus monotherapy aiming for a trough level of 9-14 ng/ml within the 

first three months, 5-9ng/ml thereafter.  In the presence of a 2-DR HLA mismatch, 

mycophenolate mofetil (MMF) was added.  If Alemtuzumab was contraindicated, the 

second line regime, used in approximately 30% of the transplant population, included 

methylprednisolone induction followed by two doses of Basiliximab 20mg at day 0 and 

4. Maintenance immunosuppression for these patients included tacrolimus and MMF.  

Table 2.8 lists the absolute contraindications for Alemtuzumab induction.   

 

Transplants associated with a higher immunological risk, for example, HLA or ABO 

incompatible transplants, received augmented immunosuppression with MMF, 

prednisolone or plasma exchange.  The decision to augment immunosuppression was 

made on a case-by-case basis by the consultant clinician at the time of transplantation.   
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Contraindications for Alemtuzumab Use 

Recipient does not provide consent for use of Alemtuzumab 

Known hypersensitivity to Alemtuzumab 

Recent use of Rituximab (within 6 months)  

Total white cell count less than 2.0 x109/L at the time of transplantation 

Hereditary nephritis with deafness in recipient, e.g. Alports syndrome (due to risk of 
alveolar haemorrhage) 

Recipient past medical history includes high risk malignancy: 

• Haematological 
• Colorectal 
• Thyroid 
• Breast 
• Anal/cervical/vulval/penile 

Virology 

• Recipients with Human Immunodeficiency Virus (HIV) 
• BK virus resulting in previous graft loss  

Table 2.8. List of absolute contraindications for the use of Alemtuzumab induction 
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2.10 CELL SURFACE STAINING - SURFACE B-CELL PHENOTYPE 

The B-cell phenotype was determined by flow cytometry using a panel of monoclonal 

antibodies that was designed and optimised by the candidate (Table 2.9).  Whole 

blood (300µl) was washed twice in ice-cold phosphate buffered saline supplemented 

with 1% foetal bovine serum (PBS-1%FBS).  Cells were incubated using the optimal 

concentration of monoclonal antibodies (Table 2.9) in the dark at room temperature 

for 20 minutes.  Red cells were lysed using 3ml of BD-FACSlyse buffer (BD Biosciences).  

Cells were washed twice with 3mls of ice cold PBS-1%FBS and strained to remove 

clumped cells prior to fixing with 200µl of PBS-3%Formaldehyde.   

 

B Surface Phenotype Panel 

Monoclonal Antibody Clone Manufacturer Catalogue # Volume (µl) 

Fc Block  BD Pharmingen 564219 2 

Anti-Human CD24-FITC ML5 BD Pharmingen 555427 10 

Anti-Human CD27-PE M-T271 BD Pharmingen 555441 10 

Anti-Human IgM-PerCPCy5.5 G20-127 BD Pharmingen 561285 2 

Anti-Human CD38-PECy7 HIT2 BD Pharmingen 560677 2 

Anti-Human CD10-APC HI10a BD Pharmingen 332777 4 

Anti-Human CD19-APCeFluor780 HIB19 eBioscience 47-0199 1 

Anti-Human IgD-BV421 IA6-2 BD Horizon 562518 2 

Anti-Human CD9-BV510 M-L13 BD Horizon 563640 3 

Table 2.9. Monoclonal antibodies used in the B Surface Phenotype panel.  

FITC- fluorescein isothiocyanate, PE- phycoerythrin, PerCpCy5.5 – peridinin 

chlorophyll protein-cyanine 5.5, PeCy7 – phycoerythrin-cyanine 7, APC – 

allophycocyanin, APCeFlour780 – allophycocyanin-eFlour780, BV421 – Brilliant violet 

421, BV510 – brilliant violet 510. 

 

2.11 PBMC ISOLATION AND STORAGE 

Whole blood was layered over lympholyte-H (CedarLane) in a 1:1 ratio and centrifuged 

at room temperature for 20 minutes without brake at 644 x g.  The mononuclear layer 

was aspirated from the plasma-lympholyte interface, and cells were washed twice 
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using RPMI-1640 (Sigma Aldrich).  PBMCs were counted using a Neubauer chamber, 

and the cell density was adjusted as required: 

For storage, and subsequent batch processing to determine B-cell intracellular 

cytokines, PBMCs were adjusted to a density of 2.5x106 cells/ml in FBS-10% dimethyl 

sulfoxide (DMSO) and were frozen at using a ‘Mr Frosty’ container at -80°C in 1ml 

aliquots.   

For stimulation with R848/IL-2, PBMCs were adjusted to a density of 1x106cells/ml in 

RPMI. 

In preliminary experiments, B lymphocytes were isolated from PBMCs using positive 

selection with CD19 coated magnetic beads (Miltenyi Biotec) following manufacturer’s 

instructions. 

 

2.12 PBMC STIMULATION FOR INTRACELLULAR STAINING 

PBMCs were quickly thawed using a water bath set at 37°C. DMSO was washed from 

the cells using warmed PBS-10% FBS, followed by two washes with B-cell media (Table 

2.11).  Cells were suspended in 1ml of B-cell media and placed in culture in a 12 well 

flat bottom plate with 1ml of pre-mixed RPMI, CpG ODN-2006-1 (final concentration 

10µg/ml, Alpha Diagnostic International) and soluble CD40L (sCD40L, final 

concentration 1µg/ml, Gibco).  Cells were cultured for 24 hours at 37°C, 5%CO2.  

Phorbol-12-myristate-13-Acetate (PMA, 0.05µg/ml, Sigma Aldrich), Ionomycin 

(0.5µg/ml, Sigma Aldrich), Brefeldin-A (4µl of 1000x solution, eBioscience) and 

monensin (2µl of 1000x solution, eBioscience) were added for the last 5 hours of 

incubation.  During preliminary experiments, either isolated B-cells or PBMCs were 

cultured for <24, 24 or 48 hours as described above, with PMA, ionomycin, brefeldin-A 

and monensin added for the last 5 hours.   

 

2.13 INTRACELLULAR STAINING OF PBMCS 

Following the incubation, cells were washed twice with ice cold PBS-1%FBS prior to 

staining.  Cells were incubated with LIVE/DEAD Fixable violet dead cell stain kit 

(Invitrogen) in the dark at 4°C for 30 minutes, following manufacturer’s instructions.  
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Following this, an antibody panel that had been designed and optimised by the 

candidate was used to determine B-cell subsets and their intracellular cytokines (Table 

2.10).  Cells were washed twice with ice-cold PBS-1%FBS, and were then incubated 

with required monoclonal antibodies using the method described above (Table 2.10).  

Cells were fixed and permeabilised using the BD cytofix/cytoperm kit (BD Biosciences) 

to allow staining for intracellular cytokines.  Anti-Human IL-10-PE and Anti-Human 

TNF-a-FITC were added, and cells were incubated at 4°C in darkness for 30 minutes.  

They were washed twice and strained to remove clumped cells prior to fixing with PBS-

3%Formaldehyde.   

 

B Functional Intracellular Panel 

Monoclonal Antibody Clone Manufacturer Catalogue # Volume (µl) 

Fc Block  BD Pharmingen 564219 2 

Anti-Human TNFa-FITC Mab11 BD Pharmingen 552889 20 

Anti-Human and Viral IL-10-PE JES3-9D7 BD Pharmingen 559337 20 

Anti-Human CD9-PerCPCy5.5 M-L13 BD Pharmingen 561329 5 

Anti-Human CD24-PECy7 ML5 BD Pharmingen 561646 3 

Anti-Human CD3-APC SK7 eBioscience 17-0036 2 

Anti-Human CD19-APCeFluor780 HIB19 eBioscience 47-0199 1 

Anti-Human CD38-BV421 HIT2 BD Horizon 562444 5 

Table 2.10. Monoclonal antibodies used in the B Functional Intracellular panel 

FITC- fluorescein isothiocyanate, PE- phycoerythrin, PerCpCy5.5 – peridinin 

chlorophyll protein-cyanine 5.5, PeCy7 – phycoerythrin-cyanine 7, APC – 

allophycocyanin, APCeFlour780 – allophycocyanin-eFlour780, BV421 – Brilliant violet 

421, BV510 – brilliant violet 510 
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 Volume Manufacturer 

B-Cell Media (for 50ml) 

IMDM 44ml Gibco 

Human Insulin 250µl (final concentration 0.24iU/ml) Sigma 

FBS 5ml (10%) Gibco 

Gentamicin 82µl Gibco 

200mM L-Glutamine 500µl Sigma 

Wash Buffer (for 1000ml) 

PBS 990ml  

FBS 10ml Gibco 

EDTA 0.5M 2ml  

Table 2.11. Reagents and Culture Media 
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2.14 ACQUISITION OF DATA USING FLOW CYTOMETRY + GATING STRATEGY 

Samples were acquired on the day of sample processing using a BDFACSCanto (BD 

Biosciences) flow cytometer.  Daily cytometer setup and tracking checks were 

performed, allowing consistent fluorescence intensity target values to be obtained for 

each experiment over the duration of the study period.  Acquisition settings included a 

stopping gate of 30,000 CD19+ events.  Spectral compensation was adjusted for using 

either BD FACSDiva (BD Biosciences) or Kaluza Analysis Software (Beckman Coulter).  

Raw flow data were analysed using Kaluza.  Initial gating procedures for TrBs were 

established on healthy controls based on CD24 and CD38 expression.184,185  It has been 

previously demonstrated that an approximate T1:T2 ratio in healthy controls is 25:75 - 

this was applied to the patient sample.  Additionally, in renal transplant recipients, the 

T1 population can be distinguished from T2 and naïve populations based on the 

surface expression of IgM and CD10.141  The gating strategies for B-cell surface and 

intracellular phenotyping are shown in Figure 2.5 and Figure 2.6 respectively.   
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Figure 2.5. Representative Scatter Plots for Resting B-cell Panel. 

Lymphocytes are identified by their forward and side scatter profile.  B) B-cells are 

gated based on CD19+ expression. C-E) Different B subsets are identified using the 

expression of different cell surface markers.  Plasmablasts: CD19+CD27hiCD38hiCD24-, 

Memory: CD19+CD24+CD27+CD38-, Naïve: CD19+CD24+CD38+CD27-IgD+, TrBs: 

CD19+CD24++CD38++ F-H) TrBs can be further subdivided into T1 

CD24+++CD38+++CD10+IgM+, and T2 CD24++CD38++.  Sample obtained from a 44year old 

recipient, 6 months post-transplant/alemtuzumab induction 

  



 

 

 

 

66 

 

 

 
Figure 2.6. Representative Scatter Plots for Intracellular Phenotype Panel. 

PBMCs were cultured for 24 hours with CPG and CD40L.  Brefeldin A, monensin, PMA 

and ionomycin were added for the last 5 hours of culture.  Cells were surface stained, 

fixed and permeabilised prior to the addition of Anti Human IL-10 and Anti Human 

TNF-a.  A) Lymphocytes were identified by their forward and side scatter profile.  B) 

Dead cells that stained brightly with the viability dye were excluded from analysis. 

C+D) Different B subsets were identified by the surface expression of CD24 and CD38.  

TrBs are defined as CD19+CD24hiCD38hi, Naïve CD19+CD24+CD38+, Memory 

CD19+CD24+CD38-.  E) TrBs can be further subdivided: T1 CD24+++CD38+++, T2 

CD24++CD38++.  F) The IL-10:TNF-a ratio was calculated from each subset, dividing the 

singly positive IL-10 cells by singly positive TNF-a cells.  This sample was obtained 

from a 35-year-old recipient 3 months post-transplant/alemtuzumab induction. 
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2.15 ASSESSING THE SINGLE NUCLEOPTIDE POLYMORPHISMS (SNPS) 

ASSOCIATED WITH CYTOKINE GENE EXPRESSION USING PCR-SSP 

(POLYMERASE CHAIN REACTION – SEQUENCE SPECIFIC PRIMER) 

There are several single nucleotide polymorphisms (SNPs) in specific genes that have 

been associated with the expression levels of cytokines.  The gene expression of 

various cytokines (TNF-a, TGF-b, IFN-g, IL-10 and IL-6) were inferred using a 

commercial polymerase chain reaction – sequence specific oligonucleotide primers 

(PCR-SSP) kit (ONELAMBDA, Canoga Park), according to the manufacturer’s 

instructions.  Briefly, DNA was purified from leukocytes, and suspended in molecular-

grade water to achieve a concentration of 100ng/µl, with the A260/A280 ratio of 1.65-

1.80. 

Deoxynucleoside triphosphate-buffer mix (D-mix, 180µl per sample) and the PCR 

microtube tray containing pre-aliquoted primers (Table 2.12) were thawed at room 

temperature.   

 H G F E D C B A 

1 23-43 

P1477.21 

Neg 
Control 

70-14 

P1551.11 

TNFA-A 

70-27 

P1552.11 

TNFA-G 

70-27 

P1860.10 

TGFB10-
TX 

70-04 

P1859.9 

TGFB10-
CX 

70-27 

P1861.8 

TGFB25-
CY 

70-1 

P1862.11 

TGFB26-
GY 

70-04 

P1561.10 

IL10-1 

2 70-22 

P1562.10 

IL10-2 

70-41 

P1563.11 

IL10-3 

327-29 

P1564.10 

IL10-4 

327-38 

P1565.10 

IL10-5 

327-38 

P1633.10 

IL-6(-
174C 

327-38 

P1634.11 

IL-6(-
174G 

327-29 

P1668.10 

IFNG-T 

327-50 

P1665.10 

IFNG-A 

Table 2.12. DNA Primer Tray Map 

Molecular grade water (1µl) was added to each negative control well.  Following this, 

1µl of Taq polymerase (5u/µl) was added to each D-mix tube, and 9µl of this mixture 

was added to each negative control well. Purified DNA (19µl) was then added to the D-

mix/Taq polymerase tube, and 10µl of this final mixture was added to each test well.  

The PCR plate was then sealed and centrifuged to ensure that the D-mix/DNA/Taq 
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polymerase was thoroughly mixed with the pre-aliquoted primers.  The tray was then 

placed on a thermocycler.  Table 2.13 lists the cycles and temperatures used for the 

polymerase chain reaction. 

 

Number of Cycles Step Temperature (°C) Time (seconds) 

1 1 96 130 

2 63 60 

9 1 96 10 

2 63 60 

20 1 96 10 

2 59 50 

3 72 30 

End 1 4 -- 

Table 2.13. OneLambda Polymerase Chain Reaction Program for Cytokine Expression 

 

After completing the PCR reaction, the contents of each well in the PCR tray were 

carefully transferred to a 2.5% agarose gel containing ethidium bromide.  An 

electrophoresis ladder (2µl) was added to lane number 9 for each sample.  The 

samples were then run out on a gel for 20-25 minutes using 150 volts.  The gel was 

transferred to a UV transilluminator and photographed.  The lane positions of positive 

and negative reactions were noted and compared with the accompanying worksheet 

(Figure 2.7).  This SNP analysis allowed the results ‘High’, ‘Intermediate’ and ‘Low’ to 

be assigned to the gene expression of the relevant cytokine. 
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2.16 CALCULATIONS AND STATISTICAL ANALYSES 

Statistical calculations were performed using either SPSS v 26 or Prism v9 (GraphPad), 

with a significance value considered at p<0.05, unless otherwise stated. 

Normally distributed continuous variables were reported with mean and standard 

deviation (SD).  Variables with non-normal distribution were reported with median and 

interquartile range (IQR).  Continuous variables were assessed using either Mann-

Whitney tests or Kruskal-Wallis tests, unless otherwise stated.  Categorical variables 

were assessed using Chi-squared tests unless otherwise stated.  Survival analyses were 

performed by constructing Kaplan Meier curves with log-rank comparisons.  Allograft 

loss was defined when the patient returned to dialysis or received a further transplant.  

Multivariate analyses were performed using cox regression. 

 

Calcineurin inhibitor (CNI) variability, or mean absolute deviation, was calculated using 

the following equation: 

𝐶𝑁𝐼	𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 	
1
𝑛@

|𝑥! − 𝑥|
𝑥

"

!#$

× 100 

Equation 2. Calcineurin Inhibitor Variability.  

Also known as the mean absolute deviation 186,187.  𝒙 = trough CNI value, 𝒙F = mean 

trough CNI level, n = number of CNI values 

 

The CNI variability was calculated for two periods of follow up: 0-3 months post-

transplant, and >3 months post-transplant, to allow for the intentional reduction in 

trough tacrolimus levels after 3 months.   
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Figure 2.7. ONELAMBDA Cytokine PCR Worksheet 
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3 THE OUTCOME OF ALEMTUZUMAB AS AN INDUCTION AGENT FOR 

RENAL TRANSPLANTATION IN THE UNITED KINGDOM  

3.1 INTRODUCTION 

The forerunner of the humanised monoclonal antibody alemtuzumab, Campath-1, was 

originally distinguished by its ability to deplete human lymphocytes which led to 

speculation regarding its potential role in solid organ transplantation.188,189  Initial 

observations demonstrated that this new antibody was able to reverse episodes of 

acute cellular rejection and to reduce rejection rates when used as an induction agent. 
190,191 

 

The first renal transplant recipients treated with alemtuzumab had satisfactory short 

and medium term outcomes when compared to conventional immunosuppressive 

regimes and interest developed in more widespread adoption.192,193  Experience in the 

USA was also positive in a few small series when compared to historical controls over 

short term follow up.194–198  However, the initial enthusiasm for alemtuzumab was 

tempered by several concerning observations.  Firstly, alemtuzumab was employed in 

potentially “tolerogenic” studies involving the minimisation of conventional 

immunosuppression with poor results 199–201 possibly due to homeostatic repopulation 

by mature T cells in the absence of regulatory cells. 199,200  Secondly it became 

apparent that the use of alemtuzumab was associated with a small but significant 

incidence of de novo autoimmune disease including immune thrombocytopenic 

purpura and thyroid disease.201–203  Finally, there were numerous reports of increased 

infective complications although largely in small series.204–207  Thus widespread usage 

was deferred pending the results of prospective randomised controlled trials (RCTS).  

Two small RCTs in the United Kingdom demonstrated reduced rates of acute rejection 

when alemtuzumab and tacrolimus monotherapy was compared to a conventional 

steroid avoidance regime consisting of tacrolimus, mycophenolate mofetil and an anti-

CD25 monoclonal antibody.208,209  Two larger multicentre RCTs also demonstrated that 

alemtuzumab was associated with lower early rejection rates following low 

immunological risk renal transplantation.210,211  Despite these studies widespread 
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adoption of alemtuzumab based immunotherapy has not occurred, possibly due to 

persistent concerns regarding its long-term safety.  There are conflicting reports 

regarding an increased incidence of neoplasia following the usage of alemtuzumab and 

there is also evidence of long-lasting alteration in the immune profile of recipients.212–

215  Data on long-term infection risk is poor making it difficult to draw firm 

conclusions.216  However there is some evidence that outcomes are improving as 

experience with the agent grows.217  Consequently, it is important to closely monitor 

outcomes from large registries for renal transplant recipients undergoing induction 

with alemtuzumab.  The UK NHS Blood and Transplant (NHSBT) renal transplant data 

registry was interrogated to look at the longer-term outcomes in standard risk adult 

patients who underwent kidney-alone transplantation.  The results are presented 

here. 

 

The study was conceived by the candidate with support from their supervisory team.  

Statisticians from NHS-BT accessed the NHS-BT registry data and performed statistical 

analyses.  Data interpretation and manuscript preparation was performed by the 

candidate.  

  



 

 

 

 

73 

3.2 MATERIALS AND METHODS 

A retrospective analysis was performed on data collected and held by UK NHSBT. 

Transplanting centres are asked as a matter of routine to complete and return a 

transplant record for each recipient. Inclusion criteria comprised of standard risk adult 

(age ≥18 years) patients receiving their first renal transplant in the United Kingdom 

between 2005 and 2013. High immunological risk patients who had received an ABO or 

HLA-incompatible transplant, or highly sensitised recipients with a calculated reaction 

frequency (cRF) greater than or equal to 85% were excluded from analysis.  Due to the 

way data was collected for the UK registry, there is a possibility that the alemtuzumab 

group may have included transplants that were donor specific antibody (DSA) positive, 

yet flow crossmatch negative.  However many of these transplants will have been 

excluded on the basis of a cRF greater than or equal to 85%.  HLA mismatch was 

recorded using the NHSBT mismatch level as described in Table 2.7. 

 

Patients were stratified into two groups according to induction immunosuppression- 

alemtuzumab (Group A) and control (Group B).  The majority of patients in group A 

received 30mg of alemtuzumab, either intravenously or subcutaneously.  In some 

transplanting centres, younger recipients (Age <60) received a second 30mg dose 211.  

Patients in group B received any other induction agent, which was most commonly the 

IL-2 receptor antagonist basiliximab (95% of Group B).  Patients who did not receive an 

induction agent (0.66% of Group B) were also included in this group. 

 

Analysis of follow-up data was performed on all transplants divided into living and 

deceased donor groups which were analysed separately.  All patients identified in the 

analysis had complete data for the variables of interest, unless otherwise specified. 

Patient survival was defined as the time from transplant to patient death, with 

censoring for patients still alive at the last follow-up or at 5 years. Death censored graft 

survival was defined as time from transplant to graft failure, censoring for death with a 

functioning graft and grafts still functioning at last follow-up or at 5 years. Rejection-

free survival was defined as the time from transplant to first recorded rejection 

episode, censoring for graft failure, patient death, at 5 years or last follow-up if earlier.  
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Recorded rejection episodes included biopsy proven rejection, and suspected rejection 

that received treatment.  Estimated glomerular filtration rate (eGFR) was used to 

compare graft function between the groups, with patients excluded from this analysis 

if they had returned to dialysis.  

 

Kaplan-Meier estimates were used to analyse rates of patient survival, death-censored 

graft survival, and rejection-free survival.  Associated p-values were calculated using 

the log-rank test. Cox proportional hazards regression models were fitted to analyse 

the effect of factors on death censored graft survival.  The models were developed 

using a stepwise variable selection method, and the importance of each factor was re-

assessed at each stage of the model development.  Table 3.3 lists the factors included 

in the final model.  Univariate comparisons were performed using Fishers exact test for 

categorical variables.  The significance level was defined as p<0.05.  All statistical 

analyses were performed using Statistical Analysis Software (version 9.3). 
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3.3 RESULTS 

A retrospective analysis was performed on data collected and held by NHSBT between 

2005 and 2013.  Within this period, 13,816 patients were included in the study cohort.  

Of these, 1661 (12.0%) patients were reported as receiving alemtuzumab induction 

(group A).  They were compared with 12,155 control patients (group B) who received 

any other induction agent, most commonly the anti-IL-2 receptor antagonist, 

basiliximab (95% of Group B). Twenty seven percent of all recipients received a graft 

from a live donor.   

 

Table 1. summarises the study cohort demographics.  If a specific patient demographic 

was not reported, this was coded within the demographic table as ‘not reported’.  Of 

note, within the deceased donor cohort, 49.4% of Group A patients received a DBD 

graft, compared with 63.6% in the control group.  These recipients were also older 

(mean age 52.4, SD 13.4, compared with 50.6, SD 13.4 in Group B), and had received 

grafts with a higher mismatch level as described in Table 2.7 (67.0% level 3 or 4, 

compared with 55.2% level 3 or 4 in Group B) from older donors (mean age 50.5, SD 

16.3 vs 48.7, SD 15.8, p<0.0001).  Primary renal disease differed between the two 

groups; however, variables were missing for a high proportion of patients.  In the 

deceased donor cohort, the primary renal disease was not reported in 34.7% (n=3072) 

of the control group, and 31.1% (n=386) of the alemtuzumab group.  In the live-donor 

cohort, the primary renal disease was not reported in 38.5% (n=1265) of the control 

group, and 43.6% (n=184) of the alemtuzumab group. 

 

In the live-donor cohort, alemtuzumab recipients were older (mean age 47.7, SD 13.2, 

compared with mean age 45.0, SD 13.8 in Group B, p=0.0001), however they received 

grafts from younger donors (mean age 46 SD 13.0 vs 47.3 SD 12.2, p=0.04). 

 

Patients who received alemtuzumab were more likely to be maintained on calcineurin 

inhibitor monotherapy (68% calcineurin inhibitor monotherapy, 31% calcineurin 

inhibitor plus an antiproliferative), whereas patients in the control group were more 

likely to be maintained on a combination of calcineurin inhibitor and an 
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antiproliferative (88% calcineurin inhibitor plus antiproliferative, 9% calcineurin 

inhibitor monotherapy) 
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Factor Deceased donor Living donor  
Control Alemtuzumab p-value Control  Alemtuzumab p-value 

Donor Type 
  

<0.0001 3289 
(88.6%) 

422 (11.4%) 
 

DBD 5639 
(63.6%) 

612 (49.4%) 
    

DCD 3227 
(36.4%) 

627 (50.6%) 
    

Recipient Age 
(years, SD) 

50.6 
(13.4) 

52.4 (13.4) <0.0001 45.0 
(13.8) 

47.7(13.2) 0.0001 

Recipient 
Gender 

  
0.34 

  
0.36 

Male 5735 
(64.7%) 

825 (66.6%) 
 

2092 
(63.6%) 

280 (66.4%) 
 

Female 3126 
(35.2%) 

413 (33.3%)  1196 
(36.4%) 

142 (33.6%)  

Not reported 5 
(0.1%) 

1 (0.1%) 
 

1 (0%) 0 (0%) 
 

Recipient 
Ethnic Group 

  
<0.0001 

  
<0.0001 

White  7006 
(79.0%) 

815 (65.8%) 
 

2823 
(85.8%) 

262 (62.1%) 
 

Asian 1019 
(11.5%) 

269 (21.7%) 
 

270 
(8.2%) 

85 (20.1%) 
 

Black 624 
(7.0%) 

100 (8.1%) 
 

139 
(4.2%) 

35 (8.3%) 
 

Other 217 
(2.5%) 

55 (4.4%) 
 

57 (1.7%) 40 (9.5%) 
 

Mismatch 
Level 

  
<0.0001 

  
0.046 

1 1066 
(12.0%) 

95 (7.7%) 
 

318 
(9.7%) 

38 (9.0%) 
 

2 2908 
(32.8%) 

313 (25.3%) 
 

478 
(14.5%) 

64 (15.2%) 
 

3 4220 
(47.6%) 

688 (55.5%) 
 

1533 
(46.6%) 

171 (40.5%) 
 

4 672 
(7.6%) 

143 (11.5%) 
 

960 
(29.2%) 

149 (35.3%) 
 

cRF 
  

0.18 
  

0.11 
0-19 7579 

(85.5%) 
1077 (86.9%) 

 
2601 
(79.1%) 

355 (84.1%) 
 

20-39 483 
(5.5%) 

49 (4.0%) 
 

196 
(6.0%) 

18 (4.3%) 
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40-59 393 
(4.4%) 

56 (4.5%) 
 

207 
(6.3%) 

20 (4.7%) 
 

60-84 411 
(4.6%) 

57 (4.6%) 
 

285 
(8.7%) 

29 (6.9%) 
 

Dialysis 
Modality  

  
0.02 

  
0.05 

Dialysis 
(PD/HD) 

7979 
(90%) 

1084 (87.5%) 
 

2371 
(72.1%) 

280 (66.4%) 
 

Pre-emptive 882 
(9.9%) 

154 (12.4%) 
 

915 
(27.8%) 

142 (33.6%) 
 

Not reported 5 
(0.1%) 

1 (0.1%) 
 

3 (0.1%) 0 (0%) 
 

Primary Renal 
Disease 

  
<0.0001 

  
<0.0001 

Hypertension 556 
(6.3%) 

108 (8.7%) 
 

151 
(4.6%) 

22 (5.2%) 
 

Diabetes 662 
(7.5%) 

163 (13.2%) 
 

181 
(5.5%) 

45 (10.7%) 
 

GN 1537 
(17.3%) 

195 (15.7%) 
 

662 
(20.1%) 

73 (17.3%) 
 

Polycystic 
kidneys 

1211 
(13.7%) 

177 (14.3%) 
 

353 
(10.7%) 

46 (10.9%) 
 

Pyelonephritis/ 
Interstitial 
Nephritis 

647 
(7.3%) 

70 (5.7%) 
 

237 
(7.2%) 

25 (5.9%) 
 

Other 1181 
(13.3%) 

140 (11.3%) 
 

440 
(13.4%) 

27 (6.4%) 
 

Not reported 3072 
(34.7%) 

386 (31.1%) 
 

1265 
(38.5%) 

184 (43.6%) 
 

Donor Age 
(years, SD) 

48.7 
(15.8) 

50.5 (16.3) <0.0001 47.3(12.2) 46.0 (13.0) 0.07 

CIT 
  

0.43 
  

0.99  
<12 hours 2065 

(23.3%) 
276 (22.3%) 

 
3276 
(99.6%) 

421 (99.8%) 
 

>12 hours 6801 
(76.7%) 

963 (77.7%) 
 

13 (0.4%) 1 (0.2%) 
 

CMV 
mismatch 

  
<0.0001 

  
<0.0001 

High Risk 
(D+/R-) 

1871 
(21.1%) 

252 (20.4%) 
 

570 
(17.3%) 

72 (17.1%) 
 

Intermediate 
Risk (R+) 

4110 
(46.3%) 

484 (39%) 
 

1291 
(39.3%) 

138 (32.7%) 
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Low Risk  
(D-/R-) 

2153 
(24.3%) 

260 (21.0%) 
 

1024 
(31.1%) 

111 (26.3%) 
 

D or R 
unknown 

732 
(8.3%) 

243 (19.6%) 
 

404 
(12.3%) 

101 (23.9%) 
 

Table 3.1.  Patient Demographics.  

cRF– calculated reactive frequency, GN- glomerulonephritis, PD – peritoneal dialysis, 

HD – haemodialysis, D – Donor, R – Recipient, SD – standard deviation 

3.3.1 ALEMTUZUMAB INDUCTION DOES NOT AFFECT 5-YEAR PATIENT 

SURVIVAL 

During the 5-year follow up, 13815 transplants were performed, and there were 1337 

recorded deaths.  Figure 3.1 demonstrates the 5-year patient survival estimates (graft 

survival, patient survival and rejection free survival) for this cohort, divided into the 

two treatment groups.  The alemtuzumab group is depicted in blue, and the control 

group in red.  Panel A demonstrates the 5-year survival estimates following deceased 

donor transplants, and panel B following living donor transplants.  The use of 

alemtuzumab did not affect the 5-year patient survival, which was 86.9%, compared 

with 88.3% in the group B (p-value 0.19, 95% Confidence intervals 84.9-88.7, and 87.6-

89.0 respectively).   
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Figure 3.1. 5-Year Survival in Alemtuzumab and Control Groups.   

Kaplan Meier curves depicting graft survival (first column), patient survival (second 

column), and rejection-free survival (third column) over a 5-year period in A) 

deceased donor recipients, and B) live-donor recipients. Patients in the 

Alemtuzumab cohort are depicted in red, Control cohort in blue.  

 

The reported causes of death (818 records returned out of 1337 events) were 

compared between the Alemtuzumab and Control groups.  The commonest reported 

cause of death across both groups was infection, accounting for 30% of the total 

deaths.  This was followed by death due to cardiovascular causes (24%), and death due 

to malignancy (22%), see Table 3.2.  Despite a significant difference in the age and 

mismatch level of recipients in group A, no differences were noted in the causes of 

death between the two groups, and importantly, alemtuzumab was not associated 

with an increased number of deaths due to infection or malignancy.  However, in 519 

cases, the cause of death was not reported back to NHSBT.  
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 Alemtuzumab Control 
Cause of death uncertain/ 
not determined 

0  (0%) 11  (1.5%) 

Myocardial ischaemia and 
infarction 

11 (10.4%) 65  (9.1%) 

Hyperkalaemia 0  (0%) 5  (0.7%) 
Cardiac - miscellaneous 9  (8.5%) 62  (8.7%) 
Elevated PVR 0  (0%) 1  (0.1%) 
Pulmonary embolus 0 (0%) 10  (1.5%) 
Cerebro-vascular accident 5  (4.7%) 30  (4.2%) 
Gastro-intestinal 
haemorrhage 

0 (0%) 8 (1.1%) 

Haemorrhage - 
miscellaneous 

4 (3.8%) 17  (2.4%) 

Mesenteric infarction 2 (1.9%) 9  (1.3%) 
Pulmonary infection 17 (16.0%) 111 (15.6%) 
Infection - miscellaneous 2 (1.9%) 25 (3.5%) 
Septicaemia 13 (12.3%) 73  (10.3%) 
Liver disease 0 (0%) 9 (1.3%) 
Renal Failure  0 (0%) 4 (0.6%) 
Recurrent primary disease 
- malignant 

1 (1.1%) 1 (0.1%) 

Patient refused further 
treatment 

0 (0%) 3 (0.4%) 

Suicide 0 (0%) 2 (0.3%) 
Therapy ceased for any 
other reason 

0 (0%) 4 (0.6%) 

ESRF treatment 
withdrawn for medical 
reasons 

1 (0.9%) 5 (0.7%) 

Uraemia caused by graft 
failure 

0 (0%) 1 (0.1%) 

Pancreatitis 2 (1.9%) 1 (0.1%) 
Bone marrow depression 0 (0%) 1 (0.1%) 
Lymphoma 12 (11.3%) 68 (9.6%) 
Malignant disease: 
Lymphoproliferative 
disorders (except 
lymphoid malignant 
disease possibly induced 
by immunosuppressive 
therapy) 

0 (0%) 2 (0.3%) 

Dementia 0 (0%) 2 (0.3%) 
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 Alemtuzumab Control 
Sclerosing (or adhesive) 
peritoneal disease 

2 (1.9%) 2 (0.3%) 

Perforation of peptic ulcer 0 (0%) 1 (0.1%) 
Perforation of colon 0 (0%) 4 (0.6%) 
Non-lymphoid malignant 
disease 

11 (10.4%) 89 (12.5%) 

Cardiac tamponade 1 (0.9%) 1 (0.1%) 
ARDS 0 (0%) 2 (0.3%) 
Respiratory failure 0 (0%) 15 (2.1%) 
Multi-system failure 3 (2.8%) 25 (3.5%) 
Accident unrelated to 
treatment 

1 (0.9%) 3  (0.4%) 

Donor organ failure 1 (0.9%) 4 (0.6%) 
Other identified cause of 
death 

8 (7.6%) 35 (4.9%) 

Unknown 0 (0%) 1 (0.1%) 
Table 3.2. Reported Cause of Death  

During the follow up period, 13815 transplant were performed and 1337 deaths 

were recorded.  818 records containing causes of death were returned to NHSBT;  

519 records missing 
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3.3.2 GRAFT SURVIVAL AND FUNCTION 

During the period of study, a total of 13,816 transplants were performed and were 

included in the following analyses. The 5-year Kaplan-Meier death censored estimate 

for graft survival (Figure. 1) was 86.5% in Group B-DD compared with 86.9% in Group 

A-DD (p-value 0.62).  In live-donor recipients, the 5-year Kaplan-Meier death-censored 

estimate for graft survival was 92.0% in the Group B, and 89.7% in Group A (p-value 

0.12). Further multivariable analyses were performed using a Cox proportional hazards 

model to adjust for significant factors (donor age, recipient age, waiting time, recipient 

ethnic group, primary renal disease, sensitisation, level of mismatch, cold-ischaemia 

time, and transplant centre as a random effect) that had been found to affect the 

estimation of 5-year death-censored graft survival.  Despite adjusting for these factors, 

alemtuzumab was not an independent risk factor for graft survival (alemtuzumab 

hazard ratio for 5-year graft survival was 1.35, CI 0.91-2.00 in the living donor cohort, 

and 0.95, CI 0.78-1.15 in the deceased donor cohort).  A further analysis was 

performed after selecting for recipients aged 60 and above, and alemtuzumab 

induction was not associated with reduced transplant survival (Figure 3.2, p=0.29).   

 
Figure 3.2. 5-year transplant survival in Recipients aged over 60yrs.   
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Kaplan Meier curves comparing the 5-year transplant survival in recipients aged 60 

or over, who received a deceased donor kidney. 

 

Factors Included in the 5-year Death Censored Survival Model 

Deceased Donors Living Donors 

Donor Age Donor Age 

Recipient Age Recipient Age 

Waiting Time Recipient Ethnicity 

Recipient Ethnicity  

Sensitisation (cRF)  

Primary Renal Disease  

NHSBT Mismatch Level  

Cold Ischaemia Time  

Transplant Centre   

Table 3.3. Factors Included in the 5-Year Death Censored Survival Model.  

cRF – calculated reaction frequency 

 

The median eGFR for recipients in the alemtuzumab and control groups were similar at 

all timepoints.  At 5 years, the median eGFR was 50 (Q1-Q3 38-67.5) in Group A-DD, 

and 49 (Q1-Q3 36-64) in Group B-DD.  In the living donor cohort, the median eGFR at 5 

years was 57.5 (Q1-Q3 4-70) in the Group A, compared with 54 (Q1-Q3 42-65) in Group 

B. 

  



 

 

 

 

85 

3.3.3 CAUSE OF GRAFT LOSS 

During the study period, 13,816 transplants were performed (from living donors and 

deceased donors), and were included in the Kaplan Meier analysis of graft survival.   

After 5 years of follow up, 1587 grafts had failed but only 1288 records detailing the 

causes of graft loss were returned to NHS-BT.  An analysis was performed on these 

1288 returns for the cause of graft loss.  Table 3.4 summarises the reported causes of 

graft loss in each treatment group.  The commonest cause of graft loss was rejection 

whilst taking immunosuppressive medication (3.97% Group A, 4.17% Group B), 

followed by graft loss due to non-viable kidney.  Importantly, alemtuzumab induction 

was not associated with a significant difference in graft loss due to neoplasia, or 

infection of the graft.  Similarly, there was no difference between the frequency of 

grafts lost due to a major systemic illness. This category encompassed a variety of 

systemic insults including pancreatitis, myocardial infarction, multi-organ failure, and 

importantly, systemic sepsis. 
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Group A (Alemtuzumab) 

Number of Grafts lost, 

N(%) 

Group B  

(Control) 

Number of Grafts lost, N(%) 

P value 

Hyperacute 

Rejection 

0 (0) 5 (0.44) >0.999 

Rejection while 

taking 

immunosuppressive 

drugs 

66 (40.5) 507 (45.0) 0.31 

Rejection after 

stopping all 

immunosuppressive 

drugs 

3 (1.84) 33 (2.93) 0.611 

Recurrent primary 

renal disease 

13 (7.98) 75 (6.65) 0.508 

Vascular or ureteric 

operative problems 

(excluding vascular 

thrombosis) 

8 (4.91) 103 (9.14) 0.074 

Vascular (arterial or 

venous thrombosis) 

9 (5.52) 99 (8.78) 0.176 

Infection of Graft 6 (3.68) 35 (3.11) 0.635 

Removal of 

functioning graft 

1 (0.613) 5 (0.444) 0.556 

Non- viable kidney 23 (14.1) 127 (11.3) 0.296 

Major systemic 

Illness 

4 (2.45) 31 (2.75) >0.999 

De novo primary 

renal disease 

2 (1.23) 12 (1.06) 0.694 

Neoplasia 2 (1.23) 7 (0.621) 0.318 

Other 26 (16.0) 88 (7.81) 0.002 

TOTAL 163 1127  

Table 3.4. Reported Causes of Graft Loss within 5 years of transplantation.  

During the 5-year follow up, 1587 grafts had failed, however only 1288 records 

detailing the causes of graft loss were returned.  Therefore 299 records are missing 

from this analysis  



 

 

 

 

87 

3.3.4 REJECTION AND STEROID-FREE SURVIVAL 

Figure 1 shows the Kaplan-Meier estimates for rejection free survival over a 5-year 

period. Patients were further subdivided according to whether they had received a 

graft from a live donor or a deceased donor.  In the deceased donor groups, the use of 

alemtuzumab had a protective effect on rejection free survival at all time points 

(p<0.01, log-rank test, 1df).  In patients with a reported rejection episode, the median 

time to rejection was 46 days in group B. This was increased to 150 days in the group 

A.  At the end of the 5-year follow up period, 88.7% of patients who had received 

alemtuzumab were rejection-free, compared with 85.2% in the control group.  In the 

live-donor cohort, for cases with a reported rejection episode, the median time to 

rejection was increased from 40 days to 170 days in those who had received 

alemtuzumab.  Although a larger percentage of live-donor recipients in the group A 

were rejection free at all time points, this did not achieve statistical significance.  The 

5-year rejection free survival was 89.9% in group A compared with 84.0% in group B.   

 

Importantly, at every time-point, a larger proportion of Group A patients were 

maintained on a steroid-free immunosuppressive regimen compared with Group B 

(Table 3.5).  

De
ce

as
ed

 D
on

or
 

 3 Month 1 Year 2 Year 3 Year 4 Year 5 Year 

Alemtuzumab 
1071 

(90.4%) 
923 (83.3%) 831 (82.3%) 764 (81.1%) 724 (80.0%) 708 (81.6%) 

Control 
1621 

(19.4%) 

1987 

(24.9%) 

2210 

(30.6%) 

2246 

(32.8%) 

2225 

(34.8%) 

2124 

(35.3%) 

Li
vi

ng
 D

on
or

 

 3 Month 1 Year 2 Year 3 Year 4 Year 5 Year 

Alemtuzumab 361 (87.6%) 319 (79.6%) 299 (81.0%) 283 (83.0%) 277 (83.2%) 260 (81.0%) 

Control 633 (20.2%) 860 (27.9%) 
952 

(33.2%) 
973 (35.3%) 984 (37.5%) 959 (38.3%) 

Table 3.5. Steroid Free Survival 
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3.4 DISCUSSION 

Alemtuzumab has been used in the United Kingdom as an induction agent for renal 

transplantation since the 1980s but widespread adoption has not occurred.190  Two 

small single centre randomised controlled trials yielded promising short term results 

which suggested that its use was associated with lower rates of acute rejection and 

minimal side effects 208,209.  These results were replicated in two large multicentre RCTs 

although with more significant side effects, possibly due to the routine addition of 

mycophenolate mofetil to the maintenance regime.210,211  However, the maximum 

period of follow up in any of these studies was only three years. 

 

Despite these promising results there has been some reluctance from the renal 

transplant community to adopt alemtuzumab as a standard induction agent.  Some of 

this reluctance is probably caused by concerns over long term safety especially the 

long-lasting effects on the lymphoid compartment.213  This has led to concerns over 

significant infections and the development of neoplasia. There have been many 

selected reports of increased infection rates but many of these have been in high-risk 

patients treated with a high total burden of immunosuppression (e.g. simultaneous 

pancreas-kidney transplants and HLA incompatible patients).  Reports on the rates of 

malignancy are conflicting but there is no clear evidence that alemtuzumab is 

associated with greater risk of neoplasia than basiliximab.  Another concern has been 

the development of autoimmune phenomena, in particular autoimmune cytopenias of 

the myeloid series, e.g. idiopathic thrombocytopenic purpura (ITP).202,203  There is 

anecdotal evidence for this phenomenon in renal transplantation but little formal 

evidence.  There is some evidence that this toxicity might be improved by dosing 

according to recipient weight.218 

 

The apparent incongruity between good outcome and lack of widespread usage of 

alemtuzumab in the UK was explored.  Since individual studies are limited by relatively 

small numbers and short periods of follow-up the UK database for renal 

transplantation held by NHSBT was analysed to see whether there was any longer-

term danger signal regarding the use of alemtuzumab as an induction agent.  This is 
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the first such registry analysis assessing the medium-term outcomes following 

alemtuzumab induction in renal recipients.  This study demonstrates that in patients 

with standard immunological risk, alemtuzumab induction is associated with a similar 

5-year patient and graft survival compared with conventional immunosuppression in 

both the deceased donor (DCD and DBD) and live donor populations.   

 

Analysis of the database between 2005 and 2013 yielded 13,816 recipients of an adult 

first kidney-only transplant with standard immunological risk.  The patients treated 

with alemtuzumab were generally older, more likely to have received a DCD graft, 

more poorly matched and had received older donor kidneys.  They were also more 

likely to have been maintained on tacrolimus monotherapy as maintenance 

immunosuppression.  During this period the bulk of the patients treated with 

alemtuzumab in the UK were either part of a large multicentre trial (c. 400) 211 or were 

derived from centres who were pursuing steroid avoidance in standard risk patients. 

As a result, recipients were less likely to be on corticosteroids. With the increased 

morbidity and costs associated with the long term use of corticosteroids, there has 

been a drive to minimise its use in maintenance immunosuppression protocols.219  

Whilst achieving a 5-year mortality and graft survival that is similar to contemporary 

immunosuppression, this study has shown that alemtuzumab induction is associated 

with an improved rejection-free survival in the deceased donor cohort at all time 

points.  This is notable as most of these patients were maintained on a steroid-free 

immunosuppressive regime.  Although this has not translated to an improvement in 

cardiovascular mortality at 5 years, the benefits of a steroid-sparing regime may 

become apparent in future years.  In the live donor cohort, alemtuzumab was 

associated with an improved rejection-free survival, however this did not achieve 

statistical significance.   

 

Other groups report similar 5-year mortality data when alemtuzumab was compared 

with either basiliximab or anti-thymocyte globulin (ATG) in deceased donor 

cohorts.220,221  One meta-analysis concluded that mortality following alemtuzumab was 

similar to IL-2 receptor antagonists after 12 months of follow up.222  Tan et al confirm 
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the 1-year safety of alemtuzumab in a living donor cohort.223  Additionally, a RCT 

showed similar one and two year survival when comparing alemtuzumab and 

tacrolimus monotherapy with daclizumab, tacrolimus and MMF.208  There have been 

some recent studies emanating from the United States, but these have compared 

induction with alemtuzumab against ATG and looked at short term outcomes only. A 

systematic review suggested that outcomes including mortality and graft survival were 

similar between alemtuzumab and ATG in the short term.224  However a paired 

analysis suggested a short term benefit in favour of ATG in terms of patient survival 

despite less resource usage in patients on alemtuzumab.225  A Cochrane analysis 

suggested that both ATG and alemtuzumab reduce rejection rates but at the expense 

of increased cytomegalovirus (CMV) rates without any major effects on other 

important outcome measures.226 

 

The association between alemtuzumab induction and improved graft survival is less 

clear.  In live donors, alemtuzumab induction was associated with improved 1-year 

graft survival although this was not statistically significant.223  Hanaway et al report 

equivalent 3-year graft survival in a RCT when alemtuzumab induction was compared 

to basiliximab in low risk patients, and ATG in high risk patients 210, and Chan et al 

show that alemtuzumab with tacrolimus monotherapy had similar 2-year graft survival 

when compared with daclizumab.208  La Mattina et al. found reduced graft survival 

when alemtuzumab was compared with contemporary induction, however on 

multivariate analysis, alemtuzumab was not an independent risk factor for graft loss.  

They concluded that the inferior graft survival was due to the increased risk of 

antibody-mediated rejection and incidence of CMV disease in a higher risk cohort. 

Additionally, patients who received alemtuzumab were less likely to be maintained on 

tacrolimus and underwent rapid steroid tapering compared with the controls.  

Furthermore, alemtuzumab patients were typically maintained on calcineurin 

inhibitors at levels lower than the control.220  Serrano et al. attempted to address the 

poor early outcomes and performed a registry analysis to study the primary outcome 

of overall death-censored graft survival during different transplanting eras.  They 

found that alemtuzumab was only associated with poor graft survival in the earliest 
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era (2003-2005) when compared with ATG.  They concluded that poor early outcomes 

with alemtuzumab use were related to under immunosuppression rather than the 

ineffectiveness of alemtuzumab, and clinical outcomes were improving with 

experience.217  Maintaining patients on a calcineurin inhibitor (CNI) based regime 

compared with a CNI-free regime, was associated with improved outcomes.62  There 

has been some concern regarding the use of alemtuzumab induction amongst older 

recipients.  Hurst et al investigated the safety profile of alemtuzumab in the elderly 

population, and concluded that alemtuzumab induction was associated with increased 

death and reduced graft survival, possibly related to over immunosuppression in that 

cohort, however they did not report differences in the causes of death (infection, 

malignancy, cardiac) in the alemtuzumab cohort compared with other induction 

agents.227 

 

In this study, the finding that the death and graft survival rates are not significantly 

different for either agent is very reassuring and suggests that at least in the medium 

term there is no significant difference in outcomes between either induction agent.  

This is confirmed by the data on graft function which demonstrates parity between the 

two agents.  Furthermore, there was no difference in transplant survival for recipients 

aged >60 years who received Alemtuzumab compared with other induction agents.  In 

the UK, alemtuzumab induction consisted of a single 30mg dose, with some patients 

aged <60 years receiving a second 30mg dose, perhaps accounting for the different 

observed outcomes.  

 

Concern over the increased potential for the profound lymphocyte depletion by 

alemtuzumab to cause increased death rates or graft failure by either infection or 

neoplasia is partly allayed by the data showing no significant differences in causes of 

graft loss or patient death.  There is conflicting data surrounding the risk of malignancy 

following alemtuzumab use, and this is likely due to differences in the period of follow-

up. Two RCTs that utilised a steroid sparing regime found similar rates of malignancy 

when comparing alemtuzumab to control after 1-year,209 and 3 years 210 of follow up. 

Kirk et al. interrogated the OPTN/UNOS database, and found that when records were 
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censored at 730 days, the incidence of posttransplant lymphoproliferative disease 

(PTLD) was not increased with alemtuzumab use.212  However, one US registry study 

that utilised mandatory local and regional cancer reporting found that with a median 

follow up period of 3.5 years, alemtuzumab induction was associated with an 

increased risk of non-Hodgkin Lymphoma, virus related cancers, thyroid cancer, and 

colorectal cancer.  Although other induction agents, including basiliximab were 

investigated in this study, the reference population did not receive an induction agent. 
215  Clatworthy et al report no increase in the rate of malignancy (skin, solid organ and 

PTLD) after 10 years of follow up, in a small cohort of patients who received 

alemtuzumab for the treatment of biopsy proven rejection.  Many of these patients 

had received a cumulative dose of alemtuzumab exceeding the 30mg used for 

induction in renal transplantation.228   

 

Similarly, there are differing reports on the incidence of infections following 

alemtuzumab induction. One retrospective study reported no difference in rates of 

infections.197  Another retrospective study compared alemtuzumab with basiliximab 

and ATG and found an increase in infectious complications (overall, opportunistic and 

CMV related), with alemtuzumab.  Although overall survival was similar to the control, 

they also noted an increase in death related to sepsis.220  When alemtuzumab was 

compared with basiliximab, one RCT reported more infective episodes requiring 

hospitalisation in the same number of patients.209  Another RCT found in low-risk 

patients, alemtuzumab induction was associated with similar overall infection rates 

when compared to basiliximab induction, however the rate of serious infections was 

increased.  In high-risk patients, there were similar rates of serious infections, but the 

overall infection rate was decreased when compared with ATG.210  

 

In addition to noticing an improved rejection free survival within the Alemtuzumab 

group, a difference in the timing of rejection episodes was also observed, with a higher 

proportion of Group B patients experiencing rejection at an earlier time point 

compared with Group A patients.  In patients who developed a rejection episode, the 

median time to rejection in Group A was 150 (deceased donor cohort), and 170 days 
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(live donor cohort).  Similar patterns have been noted elsewhere,197,209,210 and is 

important clinically when determining the timing and frequency of post-transplant 

follow up. Alemtuzumab results in the depletion of the lymphocyte compartment, and 

subsequent repopulation can take up to 1 year to achieve baseline levels,140,229 and an 

increased median time to rejection may be related to this repopulation.  

 

The use of registry data has its limitations, and missing records for cause of graft loss 

(20%), and cause of death (40%), make it difficult to draw firm conclusions.  The 

regime for administering alemtuzumab is variable within group A with some units 

preferring subcutaneous administration of alemtuzumab to intravenous.  In addition, 

some units give a second dose to patients under 60 years old at 24 hours after 

transplantation.  Furthermore, the control group are heterogeneous, and some may 

not have received induction therapy. 

 

This study has included data obtained from multiple UK transplanting centres, and 

each centre will have their own protocol for maintenance immunosuppression and, 

the decision to use alemtuzumab may have been affected by both donor and recipient 

characteristics which will introduce bias to the clinical outcomes.  There are several 

important variables (e.g. tacrolimus levels or incidence of non-fatal neoplasia) that are 

not collected by the registry and these cannot be taken into account in the analysis.  

Clearly the findings are limited by all the usual inherent problems in analysing large 

retrospective databases and ultimately, only associations can be demonstrated.   

 

To conclude, despite the concerns over long term safety regarding the use of 

alemtuzumab in renal transplant recipients, UK registry data is reassuring and suggests 

similar overall performance to alternative induction agents. However, alemtuzumab 

induction does permit the avoidance of steroids as part of maintenance 

immunosuppression in a significantly higher proportion of patients without any 

obvious penalty.  
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4 THE ALBERT (ASSESSMENT IN LEEDS OF A BIOMARKER EARLY AFTER 

RENAL TRANSPLANTATION) STUDY RESULTS 

 

4.1 THE DESCRIPTION OF THE B-CELL SURFACE PHENOTYPE FROM 3-18 

MONTHS POST TRANSPLANT  

Ninety-five patients were consented to the prospective arm of the ALBERT study.  The 

demographics for these patients are described in Table 4.1.  Although alemtuzumab is 

the first-line induction agent at Leeds, approximately 30% of the population received 

basiliximab due to patient-specific contradictions.   

 

The B-cell surface phenotype was compared between the two induction groups, and 

the composition of B-cell subsets were described over the follow-up period.  In a 

healthy population, the absolute B-cell count and frequencies of B-cell subsets will 

change with increasing age.230  Acknowledging that alemtuzumab depletes B-cells, and 

the phenotypes described in this cohort represent B-cell reconstitution as opposed to 

the age - related developmental changes, the prospective phenotypes were also 

reviewed alongside an age-dependent reference range described by Morbach et al.230  

The median age of the study cohort was 48 years. 
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 Total Alemtuzumab Basiliximab p- 

value 

Number 95 

(100%) 

68 27  

Recipient Age (yr.) 48 49 48 0.818 

Recipient Gender (m) 59 (62%) 38 (56%) 21 (78%) 0.038 

Recipient Gender (f) 36 (38%) 30 (44%) 6 (22%)  

Recipient Ethnicity    0.7091  

Caucasian 85 (90%) 59 (87%) 26 (96%)  

Asian 8 (8%) 7 (10%) 1 (4%)  

Afro Caribbean 1 (1%) 1 (2%) 0  

Other 1 (1%) 1 (2%) 0  

Cause of ESRD    0.415 

Diabetes and HTN 13 (14%) 8 (12%) 5 (19%)  

Glomerulonephritis 36 (38%) 24 (13%) 12 (44%)  

Inherited 14 (15%) 9 (13%) 5 (19%)  

Other 19 (20%) 16 (24%) 3 (11%)  

Unknown 13 (14%) 11 (16%) 2 (8%)  

Donor Type    0.957 

LD 26 (27%) 18 (27%) 8 (30%)  

DBD 45 (47%) 33 (49%) 12 (44%)  

DCD 24 (25%) 17 (25%) 7 (26%)  

Pre-emptive 26 (27%) 20 (29%) 6 (22%) 0.612 

Graft Number    0.044 

1 71 (75%) 50 (74%) 21 (78%)  

2 20 (21%) 17 (25%) 3 (11%)  

3 4 (4%) 1 (2%) 3 (11%)  

NHSBT HLA Mismatch Level    0.209 

1 15 (16%) 9 (13%) 6 (22%)  

2 24 (25%) 21 (31%) 3 (44%)  



 

 

 

 

96 

 Total Alemtuzumab Basiliximab p- 

value 

3 35 (22%) 23 (22%) 12 (44%)  

4 21 (22%) 15 (22%) 6 (22%)  

Maintenance 

Immunosuppression* 

    

Tacrolimus 93 (98%) 67 (99%) 26 (96%) 0.491 

Sirolimus 2 (2%) 1 (2%) 1 (4%)  

MMF 48 (43%) 20 (25%) 28 (88%) <0.001 

Azathioprine 6 (5%) 3 (4%) 3 (10%) 0.225 

Prednisolone 25 (22%) 17 (21%) 8 (25%) 0.421 

Table 4.1.  Demographic characteristics of the ALBERT study prospective cohort 

(stratified according to induction agent) 

*Maintenance immunosuppression at initial discharge from hospital 

 

4.1.1 THE DIFFERING EFFECTS OF INDUCTION AGENTS ON THE B-CELL 

PHENOTYPE 

4.1.1.1 %B-CELLS AND CALCULATED B LYMPHOCYTE COUNT 
The groups were initially analysed separately according to induction agent 

(Alemtuzumab and Basiliximab).  Within each induction agent group, there was no 

significant difference in the %B-cells obtained at each time point (Alemtuzumab mean 

3m 14.84, 6m 17.16, 12m 15.52, 18m 15.7 p=0.6853, Basiliximab median 3m 6.1, 6m 

5.1, 12m 4.47, 18m 7.010, p=0.1588).  The median %B-cells obtained from a healthy 

cohort aged 26-50 years is 9.2% (range 7.2-11.2).230 Patients who received 

alemtuzumab induction demonstrated higher %B-cells at all time points compared 

with the reference population.  Conversely, patients who received basiliximab had 

lower median %B-cells compared with the reference population.  For patients who 

received alemtuzumab, the calculated B-cell count increased at each time point (mean 

rank difference 3 vs 6m -46.44 p=0.0012, 3 vs 12m -51.50 p<0.0001, 3 vs 18m -61.92, 
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p<0.0001).  A significant increase in the B-cell count was also noted in the Basiliximab 

between 3 and 18m (mean rank difference -25.43, p=0.0073). 

 

The two induction groups were then compared with each other.  At each time point, 

Alemtuzumab patients were found to have higher %B-cells compared with Basiliximab 

patients (Figure 4.1 and  

%B-cells 

Timepoint Alemtuzumab %B Basiliximab %B p-value 

 Median IQR Median IQR  

3 months 12.42 18.71 6.100 4.75 0.0009 

6 months 15.69 19.50 5.160 5.93 <0.0001 

12 months 14.74 15.63 4.490 4.57 <0.0001 

18 months 15.73 15.48 7.010 4.50 0.0023 

Table 4.2), however there was no statistically significant difference in the median 

calculated B lymphocyte count between these groups (Figure 4.1 and Table 4.3).  

These results reflect the total depletion of the lymphocyte compartment following 

alemtuzumab induction, and the subsequent repopulation of B-cells prior to T-

cells.160,164   
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Figure 4.1. Comparison of B-cell phenotype by Induction Agent.   

Group 1 patients had venous blood drawn at 3 months, 6 months, 12 months and 18 

months post-transplant.  The resting B-cell phenotype was assessed by flow 

cytometry.  The left side of the figure demonstrates data obtained from the 

Alemtuzumab group, and the right side Basiliximab group.  The top panel shows %B-

cells and the bottom panel shows the calculated B lymphocyte count.  Individual 

values, median and interquartile range are shown.  Unless otherwise stated, 

comparisons were made using the Kruskall Wallis test.  The Dunn’s multiple 

comparisons test was performed if a difference was noted (using 3 months as the 

control).  The dotted line denotes the median reference value for a healthy adult 

population.230 
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%B-cells 

Timepoint Alemtuzumab %B Basiliximab %B p-value 

 Median IQR Median IQR  

3 months 12.42 18.71 6.100 4.75 0.0009 

6 months 15.69 19.50 5.160 5.93 <0.0001 

12 months 14.74 15.63 4.490 4.57 <0.0001 

18 months 15.73 15.48 7.010 4.50 0.0023 

Table 4.2.  Mann-Whitney Test comparing the %B-cells obtained from Alemtuzumab 

and Basiliximab patients over the follow up period.  

IQR – interquartile range  

 

Calculated B Lymphocytes (x109/L) 

Timepoint Alemtuzumab Calc B Basiliximab Calc B p-value 

 Median IQR Median IQR  

3 months 0.02870 18.71 0.05526 0.06388 0.0566 

6 months 0.07289 19.50 0.06173 0.10187 0.2176 

12 months 0.09115 15.63 0.06642 0.12546 0.2280 

18 months 0.1127 15.48 0.1276 0.19358 0.7053 

Table 4.3.  Mann-Whitney Test comparing the calculated B lymphocytes obtained 

from the Alemtuzumab and Basiliximab groups over the follow up period.  

IQR – interquartile range 
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4.1.1.2 B-CELL SUBSETS DEFINED USING CD27/IGD EXPRESSION 
The B-cell subsets were then assessed using CD27 and IgD expression (see Figure 4.2 

for the gating strategy).  Patients who received Alemtuzumab were found to have 

more %naive (CD27-IgD+) cells, reduced %class-switched memory (CD27+IgD-) cells and 

%non-switched memory (CD27+IgD+) cells compared with a normal adult population 

(median %naive 65.1%, range 58-72%, median %class-switched memory 13.2, range 

9.2-18.9, median %non-switched memory 15.2, range 13.4-21.4).230  Over the period of 

follow up, the alemtuzumab %naive cells decreased (median value 3m 97.10, 6m 

96.52, 12m 94.91, 18m 92.54, p<0.0001 Kruskal-Wallis test), and class-switched 

memory cells increased (median value 3m 0.7050, 6m 1.330, 12m 2.140, 18m 3.570, 

p<0.0001 Kruskal-Wallis test).  However at the end of the follow up period, the %naive 

cells remained higher, and %class-switched memory cells were lower, than the 

corresponding adult reference range.230  An increase in non-switched memory cells 

was noted at 12m and 18m compared with the earlier timepoints (median value 3m 

1.230, 6m 1.220, 12m 1.285, 18m 1.840, p=0.0466 Kruskal-Wallis test), although this 

remained below the adult reference range.  Finally, CD27-IgD- cells were noted to 

increase over the follow up period (median value 3m 0.5850, 6m 0.6700, 12m 1.290, 

18m 1.780 p<0.0001), however these values remained less than the adult reference 

range (median 3.3, range 2.1-5.3).230  Figure 4.3 demonstrates the change in CD27/IgD 

subsets together with comparisons using the Kruskal-Wallis test and Dunn’s multiple 

comparisons test. A dotted line represents the median normal adult value.230 
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Figure 4.2. Definition of B-cell subsets using CD19, CD27, IgD expression.   

Naïve - CD19+CD27-IgD+, Non-Switched Memory – CD19+CD27+IgD+, Class-switched 

memory – CD19+CD27+IgD-, Exhausted memory – CD19+CD27-IgD-  

Sample obtained from a 60-year-old recipient 6 months after 

transplantation/alemtuzumab induction 

 

The basiliximab induction patients were noted to have slightly increased %naive cells, 

and reduced non-switched, class-switched and CD27-IgD- cells compared with the 

reference adult population.  No statistically significant changes were seen within each 

subset during the follow up period in the basiliximab group (Figure 4.3). 

 

On direct comparison between the two induction agents, alemtuzumab patients 

demonstrated higher %naive, and lower %non-switched memory cells at all time 

points compared with basiliximab patients.   Alemtuzumab patients also had reduced 

%class switched and CD27-IgD- cells at all time points, however this only reached 

statistical significance for 3, 6, and 12 months (class switched), and 3, 6 months (CD27-

IgD-  [Table 4.4, Table 4.5, Table 4.6, Table 4.7]). 
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Figure 4.3.  Comparison of B-cell subsets using CD27 and IgD expression.  

Group 1 patients had venous blood drawn at 3 months, 6 months, 12 months, and 18 

months post-transplant.  The resting B-cell phenotype was assessed by flow 

cytometry.  The upper panel includes data obtained from the Alemtuzumab group, 

and the bottom panel, Basiliximab group.  From left to right, graphs depict %Naive, 

%Non-switched memory, %Switched memory and %CD27-IgD-.  Individual values, 

median and interquartile range are shown.  Comparisons were made using the 

Kruskal-Wallis test.  The Dunn’s multiple comparisons test was performed if a 

difference was noted (using 3 months as the control). A dotted line represents the 

median adult reference value described by Morbach et al.230 
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%Naive (CD27-IgD+) 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 97.10 5.26 80.15 23.73 0.0009 

6 months 96.52 3.01 82.58 20.15 <0.0001 

12 months 94.91 3.95 83.73 14.83 <0.0001 

18 months 92.54 8.05 84.36 27.50 0.0023 

Table 4.4. Mann-Whitney test comparing the %Naive (CD27-IgD+) subsets by 

induction agent.  

IQR – interquartile range 

 

%Non-Switched Memory (CD27+IgD+) 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 1.230 1.97 7.625 12.25 <0.0001 

6 months 1.220 1.62 6.600 11.37 <0.0001 

12 months 1.285 1.13 6.880 6.71 <0.0001 

18 months 1.840 1.39 6.135 10.42 <0.0001 

Table 4.5. Mann-Whitney test comparing the %Non-Switched Memory (CD27+IgD+) 

subsets by induction agent.  

IQR – interquartile range 
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Switched Memory (CD27+IgD-) 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 0.7050 1.98 8.200 8.89 <0.0001 

6 months 1.330 1.79 4.880 6.52 <0.0001 

12 months 2.140 2.88 4.560 8.70 0.0018 

18 months 3.570 4.81 5.085 8.53 0.2638 

Table 4.6.  Mann-Whitney test comparing the %Switched memory subsets by 

induction agent.  

IQR – interquartile range 

 

 

CD27-IgD- 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 0.5850 1.55 1.305 1.793 0.0063 

6 months 0.6700 0.77 1.340 2.73 0.0036 

12 months 1.290 1.35 2.500 2.96 0.0780 

18 months 1.780 2.12 1.545 4.68 0.8673 

Table 4.7.  Mann-Whitney test comparing the CD27-IgD- subsets by induction agent. 

IQR – interquartile range 
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4.1.1.3 B-SUBSETS DEFINED BY CD24/CD38 EXPRESSION 
Finally, B-cell subsets were assessed by CD24 and CD38 expression (see Figure 4.4 for 

gating strategy and Figure 4.5 for representative examples of B subsets following 

alemtuzumab and basiliximab induction) to investigate transitional B-cells and 

plasmablasts.  In the healthy adult population aged 26-50 years, the median value of 

%TrBs was 2.0 (range 1.0 - 3.6) and the median value of %plasmablasts was 1.0 (0.6-

1.6).230 

 
Figure 4.4.  Definition of B-cell subsets using CD19, CD24 and CD38 expression. 

Sample obtained from a healthy volunteer (age 31 years).  Naïve - CD19+CD24+CD38+, 

Plasmablasts – CD19+CD24-CD38hi, Memory - CD19+CD24hiCD38-, Transitional – 

CD19+CD24hiCD38hi 
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Figure 4.5.  Representative example of transitional B-cell subsets at different time 

points post-transplant.   

Samples obtained from: Panel A) 58-year-old recipient following alemtuzumab 

induction, Panel B) 20-year-old recipient following basiliximab induction.    

4.1.1.3.1 TRANSITIONAL B-CELLS (CD24HICD38HI) 

 

When compared against the normal reference range described above, both 

alemtuzumab and basiliximab patients were shown to have higher %TrBs at all time 

points following transplantation (reference TrBs = 2%).  Whereas patients who 

received basiliximab had a similar proportion of TrBs over the follow up period 

(median 3m 6.77%, 6m 12.77%, 12m 10.55%, 18m 9.125%, p=0.3265, Kruskall-Wallis 

test), patients who received alemtuzumab had high proportions of TrBs  at 3 months 

post-transplant that decreased over the follow up period (mean %TrB at 3m 57.35, 6m 

31.40, 12m 17.19, 18m 11.77, p<0.0001, Figure 4.6).  The two groups were directly 

compared at each time point, and patients who received alemtuzumab had more TrBs 

than those who received basiliximab for the first post-transplant year (Table 4.8).  At 

18 months, Alemtuzumab patients had more TrBs than Basiliximab patients, however 

this difference was not statistically significant. 
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Figure 4.6. Transitional B-cells during follow up period. 

Prospective study patients were divided into two groups according to induction 

agent A) Alemtuzumab, and B) Basiliximab.  The proportion of transitional B (TrBs) 

cells were defined using CD19+CD24hiCD38hi expression.  Individual values, median 

and interquartile range shown.  Comparisons were made using ordinary one-way 

analysis of variance with Dunnetts’s multiple comparisons test.  **** denotes 

p<0.0001 
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Transitional B-cells (CD24+CD38+) 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 55.74 36.32 6.77 9.74 <0.0001 

6 months 28.09 24.44 12.77 21.07 0.0004 

12 months 15.76 10.25 10.55 12.49 0.0084 

18 months 11.33 9.70 9.125 7.66 0.3309 

 

Table 4.8. Mann-Whitney test comparing the proportion of transitional B-cells 

obtained from different induction groups during the follow up period.  

IQR – interquartile range 
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4.1.1.3.2 T1 AND T2 SUBSETS, AND T1:T2 RATIO 

The transitional B-cells were examined further and TrBs were divided into T1 and T2 

cells using the relative expression of CD24 and CD38 as described previously (Figure 

4.4).  Patients who received Alemtuzumab induction were found to have a high 

proportion of T1 cells at 3 months that decreased over time, and a low proportion of 

T2 cells that increased over time.  This resulted in a high T1:T2 ratio that reduced over 

the follow up period.  The top panel of Figure 4.7 demonstrates the %T1, %T2 and 

T1:T2 ratios obtained from the Alemtuzumab group during the follow up period.  On 

the other hand, no significant differences were noted in the %T1, %T2, and T1:T2 ratios 

in patients who received Basiliximab induction (Figure 4.7, bottom panel).  

 

The two induction groups were directly compared at each time point, and the results 

are demonstrated in Table 4.9,Table 4.10 and Table 4.11.  Patients who received 

alemtuzumab induction had significantly higher %T1, lower %T2 and a higher T1:T2 

ratio compared with basiliximab patients at 3 months.  There was however no 

statistically significant difference in the %T1, %T2 and T1:T2 ratios between the two 

induction groups for the rest of the follow up period, although there was a trend 

towards a higher T1:T2 ratio in the Alemtuzumab patient group at 12 months and 18 

months (Table 4.11). 
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Figure 4.7.  Transitional B (CD24+CD38+) subsets during follow-up. 

Group 1 patients had venous blood drawn at 3 months, 6 months, 12 months, and 18 

months post-transplant.  The resting B-cell phenotype was assessed by flow 

cytometry.  The upper panel demonstrates data obtained from the Alemtuzumab 

group, and the bottom panel, Basiliximab group.  From left to right, graphs depict 

%T1, %T2, and T1:T2 ratios-.  Individual values, median and interquartile range are 

shown.  Comparisons were made using the Kruskal-Wallis test.  The Dunn’s multiple 

comparisons test was performed if a difference was noted (using 3 months as the 

control). 
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%T1 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 30.67 16.93 14.88 25.46 <0.0001 

6 months 20.45 13.27 20.76 22.12 0.3379 

12 months 18.50 12.05 17.49 7.93 0.6836 

18 months 15.78 13.13 13.67 11.82 0.2421 

Table 4.9.  Mann-Whitney Test comparing %T1 cells between alemtuzumab and 

basiliximab groups during follow up.   

IQR – interquartile range 

 

%T2 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 69.31 17.66 84.70 22.17 <0.0001 

6 months 78.34 14.30 78.95 22.72 0.3647 

12 months 80.78 13.18 81.70 8.36 0.7996 

18 months 83.22 13.31 85.44 12.02 0.1230 

Table 4.10.  Mann-Whitney test comparing %T2 cells between alemtuzumab and 

basiliximab groups during follow up.  

IQR – interquartile range 
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T1:T2 Ratio 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 0.4400 0.39 0.1750 0.37 <0.0001 

6 months 0.2747 0.25 0.2630 0.34 0.3065 

12 months 0.2308 0.18 0.2123 0.12 0.6497 

18 months 0.1885 0.22 0.1599 0.17 0.2247 

Table 4.11.  Mann-Whitney test comparing T1:T2 ratios obtained from Alemtuzumab 

and Basiliximab induction groups at all time points.  

IQR – interquartile range 

4.1.1.3.3 PLASMABLASTS (CD24-CD38+) 

Morbach et al defined their plasmablast populations using a smaller gate, therefore 

the values obtained from the ALBERT prospective study patients could not be directly 

compared with this reference population.  Within the alemtuzumab induction group, 

the proportion of %plasmablasts increased with time, yet no statistically significant 

differences were noted in patients who received basiliximab induction (Figure 4.8).  
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Figure 4.8. Plasmablasts (CD24-CD38+) obtained during follow up.  

Patients who received alemtuzumab induction, and B) Basiliximab induction.  Dot 

plots show individual values, median and interquartile range. 

 

The two induction groups were then compared at each time point and although 

alemtuzumab patients had fewer plasmablasts at 3 months (1.68% alemtuzumab vs 

2.87% basiliximab, p=0.0005), there were no significant differences at 6, 12 and 18 

months (Table 4.12). 
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Plasmablasts (CD24-CD38+) 

Timepoint Alemtuzumab  Basiliximab  p-value 

 Median IQR Median IQR  

3 months 1.680 1.65 2.870 1.44 0.0005 

6 months 2.270 1.80 2.370 1.86 0.8188 

12 months 3.480 2.16 2.850 3.04 0.9475 

18 months 3.430 2.27 3.170 1.63 0.4946 

Table 4.12. Mann-Whitney test comparing CD24-CD38+ Plasmablasts (Pbs) between 

induction agents.  

IQR – interquartile range 

 

To summarise, following renal transplantation, recipients were found to have key 

differences in their B-cell subsets when compared with an age-matched reference 

population.230  Allograft recipients were found to have a more phenotypically 

immature B-cell population with increased naïve and transitional B-cells, and fewer 

non-switched and switched memory B-cells.  This difference was more marked in the 

alemtuzumab cohort which had the highest proportion of naïve and TrBs at 3 months 

post-transplant.  These values decreased with time but remained higher than the 

reference population at 18 months.   
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4.1.2 DISCUSSION 

Alemtuzumab is a humanised monoclonal antibody against CD52 which is found on 

lymphocytes.  The binding of alemtuzumab to CD52 targets the cell for lysis through 

the complement pathway, and antibody dependent cellular cytolysis, resulting in the 

depletion of lymphocytes.  Basiliximab on the other hand is a non-depleting 

monoclonal antibody that binds with high affinity to CD25, therefore blocking IL-2 

binding and inhibiting T-cell proliferation.  CD25 is also expressed on activated B-cells, 

therefore CD25 blockade on B-cells can interfere with B – T-cell interactions and affect 

the differentiation of activated B-cells towards plasma cells.  In vivo studies have 

demonstrated increased total B-cells and memory cells following basiliximab 

induction.140,163,166   

 

Patients had their first study blood sample drawn at 3 months post-transplant.  After 

alemtuzumab induction, patients initially demonstrated reduced B-cell counts which 

gradually increased over the follow up period to levels comparable with patients who 

had received basiliximab.  Additionally, a difference in peripheral B-cell phenotype was 

noted between the two induction groups with alemtuzumab patients demonstrating a 

shift towards more naïve and TrBs, and fewer memory cells.  Within the memory cell 

compartment, alemtuzumab patients were found to have a higher proportion of non-

switched memory and fewer class-switched and exhausted memory cells compared 

with basiliximab patients.  The observed differences in B-cell phenotype from the two 

induction groups reduced as time progressed except for the naïve B-cells which 

remained significantly elevated, and class-switched memory cells which were 

significantly reduced at 18 months follow up in the alemtuzumab group.  These 

findings are consistent with previous studies.140,231  Heidt et al demonstrated that 

naïve B-cells were increased in the repopulating B-cell compartment following 

alemtuzumab induction, and these cells remained dominant for at least 12 months 

after induction, even in patients who were not on maintenance 

immunosuppression.164  Additionally, they noted a reduction in memory cells.231 

This higher naïve:memory cell ratio may be due to a block in the differentiation from 

naïve to memory cells, a phenomenon which has previously been described in multiple 
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sclerosis patients.161  It could also be the normal recapitulation of B-cell ontogeny or 

due to the effect of calcineurin inhibitors on B-cell activation.  The long-term 

dominance of naïve cells has been described in a cohort of kidney transplant recipients 

who were maintained on triple immunosuppression, and this was independent of a 

subsequent switch from tacrolimus to sirolimus.231  The noted differences in B-cell 

phenotype could also be attributed to the different maintenance immunosuppression 

regimes associated with each induction agent.  The Leeds immunosuppression 

protocol includes an antiproliferative agent in addition to a calcineurin inhibitor when 

patients receive basiliximab induction.  Therefore, in this study cohort, 88% of 

basiliximab patients received MMF for maintenance immunosuppression compared 

with 20% of alemtuzumab patients.  MMF has been demonstrated to affect B-cells 

through the reduced T-cell dependent activation of B-cells, as well as directly inhibiting 

B-cell proliferation and plasma cell differentiation.  A limitation affecting the analysis 

was that whilst the use of MMF post transplantation was documented, the dose for 

each patient was not recorded.  Similarly, mycophenolic acid levels were not tested, 

therefore it is possible that some patients were maintained on subtherapeutic or 

supratherapeutic levels, affecting B-cell subsets and recapitulation.  

 

Azathioprine can reduce B-cells overall, as well as reduce naïve and TrB 

populations.168,169  Although a higher proportion of basiliximab patients received 

azathioprine compared with the alemtuzumab group (10% vs 4%), this difference was 

not statistically significant.  The observed reduction in naïve and TrBs in the basiliximab 

patients therefore cannot be solely attributed to azathioprine use.  Finally, steroids 

have been shown to affect B-cell repopulation after stem cell transplantation,232 and 

are associated with a dose-dependent reduction in TrBs.168  All patients in this study 

population received a single 500mg dose of methylprednisolone at the time of 

induction, and a similar proportion of patients in each group received steroids as part 

of their initial maintenance immunosuppression regime.  Steroids alone, are therefore 

less likely to be the cause of the differing phenotype.  
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In conclusion, the data presented here shows a differing B-cell phenotype between the 

alemtuzumab and basiliximab induction groups, with increased naïve and transitional 

B-cells seen in the alemtuzumab group.  Although the differences in maintenance 

immunosuppression could contribute to this differing phenotype, it is likely due to the 

depleting effect of alemtuzumab.  The difference between the induction agents was 

most marked early post-transplant, and when searching for B-cell phenotypic markers 

associated with clinical outcomes, patients will need to be analysed separately 

according to induction agents until at least 1 year following transplantation.  It will be 

important to identify any deviations from ‘normal’ repopulation, and to determine 

whether this deviation is associated with different clinical outcomes.  If maintained, 

the observed differences in the TrB and naïve populations between induction agents 

may become clinically relevant as TrBs have previously been shown to be enriched 

with Bregs.95,124   

  



 

 

 

 

118 

4.2 B-CELL SURFACE PHENOTYPE AND CLINICAL OUTCOMES FOR ALBERT 

STUDY PATIENTS 

4.2.1 PROSPECTIVE STUDY 

The aim of this prospective study was to investigate the differences in B-cell 

phenotypes following renal transplantation, and to prospectively determine any 

associations between B-cell phenotype and subsequent clinical outcome.  A composite 

endpoint was initially assessed.  This included graft loss and the following surrogate 

markers that have previously been associated with adverse graft outcomes:      

• The development of de novo donor specific antibodies 76,77,175,176 

• A 30% reduction in eGFR between 3 - 18 months 177 

• Histological findings showing immune-mediated changes, including antibody 

mediated, T-cell mediated or borderline rejection according to the Banff 2013 

criteria, evidence of transplant glomerulopathy, or recurrent disease.178,179 

• Recurrent proteinuria.180  This was defined as the urine protein creatinine ratio 

(uPCR)>50 (units) on two or more consecutive occasions after 3 months post-

transplant. At this point, it was expected that the contribution of the native 

kidneys towards proteinuria was minimised, and together with the frequency 

of urinary tract infections.  

 

Patient recruitment to the ALBERT study occurred between 30/03/2016 and 

25/10/2018.  All newly transplanted (kidney alone) adult patients who had not yet 

achieved the composite endpoint and received their post-transplant care at Leeds 

were eligible to participate in the ALBERT study (Group 1 – prospective study).  

Patients were first approached in the outpatient setting and were provided with verbal 

and written information about the study.  Further contact was made with the patient 

to obtain their consent at their 3-month appointment.  Fifty-three percent of eligible 

patients were recruited to the ALBERT prospective study.  A second cohort (Group 2 - 

For Cause biopsy) included patients who were more than 1-year post-transplant and 

were offered a ‘for cause’ biopsy for either the deterioration of renal function, or 

recurrent proteinuria with uPCR>50.  These patients were approached at their pre-
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biopsy assessment appointment, and formal consent to enrol in the study obtained on 

the day of biopsy (see Figure 2.4 for study protocol design).   

 

Patients who were recruited to the ALBERT Group 1 study donated blood samples at 

set time points (3 months, 6 months, 12 months, and 18 months) following their 

transplant.  Alemtuzumab induction results in profound lymphocyte depletion, with 

gradual repopulation occurring throughout the subsequent year.140  It can take up to 6 

weeks for B-cells to be observed in peripheral blood, and over 8 weeks for peripheral 

B-cells to return to pre-induction levels.231  For this reason the first time-point for 

sampling was 3 months post-transplant.  However, there were still cases where the B-

cell events were insufficient to confidently gate on individual B-cell subsets.  These 

cases were removed from analysis.  Additional samples were collected if patients were 

offered a ‘for cause’ biopsy.  Clinical information was collected during the study 

period, with a median follow up of 1701 days (range 132-2129 days).  Over the period 

of follow up, 12% of alemtuzumab, and 4% of basiliximab patients lost their graft.  

Table 4.1 lists the ALBERT study patient demographics stratified according to induction 

agent.   

 

Six patients who had received alemtuzumab, and 4 patients who had received 

basiliximab underwent a for cause biopsy and subsequent treatment prior to the 3-

month timepoint.  These patients were excluded from assessment of B-cell subsets as 
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prospective biomarkers of outcome (Figure 4.9).  

 
Figure 4.9.  Flow chart demonstrating the ALBERT prospective study groups.  

FCB – for cause biopsy, IS – immunosuppression 
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4.2.1.1 ALEMTUZUMAB INDUCTION – 3 MONTHS POST TRANSPLANT 
As demonstrated in the previous chapter (4.1), alemtuzumab induction is associated 

with a distinct change in B-cell population, with a skew towards an immature 

phenotype (with increased transitional B-cells, naïve cells, and increased T1 cells) that 

was most evident at 3 months post-transplant.  Although the first sampling point was 

delayed to 3 months to allow for peripheral B-cell repopulation, this may not have 

occurred in all cases.  For this reason, subsets were evaluated using values obtained as 

a percentage of the CD19+ gate (%cells) as well as the calculated cell count (x109/L).   

4.2.1.1.1 COMPOSITE ENDPOINT 

Over the period of follow up, 25 of 61 alemtuzumab patients achieved the composite 

endpoint.  The patient demographics can be viewed in Table 4.13, and a summary of 

endpoints in Table 4.14.  When composite endpoints were reviewed, recurrent 

proteinuria alone was most frequently seen, affecting 7/25 patients.  This was followed 

by de novo DSA alone, which was found in 6/25 patients.  The 3-month phenotypes 

were compared between the 25 alemtuzumab composite endpoint positive (CEP) 

patients and the 33 composite endpoint negative (CEN) patients.  The results of this 

comparison can be seen in Table 4.15 and Table 4.16.   
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Variable TOTAL Composite 
Endpoint 

Negative (CEN) 

Composite 
Endpoint 
Positive 

(CEP) 

p-value 

Number 61 36 25  

Age (𝒙	years, SD) 48.3 (13.9) 49.7 (12) 47.1 (15.9) 0.470 

Gender    0.116 

M 33 (54%) 16 (44%) 17 (68%)  

F 28 (46%) 20 (56%) 8 (32%)  

Primary Renal Disease    0.569 

DM/HTN 8 (13%) 3 (8%) 5 (20%)  

GN 19 (31%) 10 (28%) 9 (36%)  

Inherited 9 (15%) 6 (17%) 3 (12%)  

Infection/Obstruction 15 (25%) 10 (28%) 5 (20%)  

Other 10 (16%) 7 (19%) 3 (12%)  

Preemptive    0.238 

Yes 17 (28%) 8 (22%) 9 (36%)  

No 44 (72%) 28 (78%) 16 (64%)  

Donor Type    0.227 

DBD 31 16 (44%) 15 (60%)  

DCD 16 9 (25%) 7 (28%)  

LD 14 11 (31%) 3 (12%)  

HLA Mismatch Level    0.708 

1  8 6 (17%) 2 (8%)  

2  21 13 (36%) 8 (32%)  

3  21 11 (31%) 10 (40%)  

4  11 6 (17%) 5 (20%)  
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Variable TOTAL Composite 
Endpoint 

Negative (CEN) 

Composite 
Endpoint 
Positive 

(CEP) 

p-value 

Graft number    0.615 

1 46 26 (72%) 20 (80%)  

2 14 9 (25%) 5 (20%)  

3 1 1 (3%) 0  

Median CIT (hrs, IQR) 12.42 (6) 12 (10) 13.7 (7) 0.05 

DGF    0.183 

Yes 13 (21%) 7 (19%) 6 (24%)  

No 48 (79%) 29 (81%) 19 (76%)  

CNI variability 3-18 months  
(𝒙, SD) 

24.4 (7.51) 24.4 (8.71) 24.4 (5.37) 0.997 

Table 4.13. Clinical demographics stratified according to whether composite 

endpoints were met during the follow up period. 

 

 

Number of 
patients 

Proteinuria De 
novo 
DSA 

Disease 
recurrence 

Biopsy 
Proven 
Rejection 

>30% reduction 
in eGFR from 3-
18 months 

Graft 
Loss 

7 ü û û û û û 
6 û ü û û û û 

2 ü ü û û û û 
2 ü û û ü ü ü 

1 ü û û ü û ü 
1 ü û ü û ü ü 

1 ü û ü û û ü 

1 ü û ü û û û 
1 ü ü û ü ü ü 

1 û û û û ü û 

1 ü ü û ü û û 

1 ü û û û ü ü 

25 18 10 3 5 6 7 
Table 4.14. Table demonstrating the endpoints met during the follow up period. 
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Sixty-one patients who had received alemtuzumab induction had their bloods drawn at 

the 3-month time point.  Three samples were excluded due to insufficient B-cell 

events.  Therefore 58 samples were included in the 3-month prospective analyses.  In 

one of these samples, there were no T1 events.  A valid T1:T2 ratio could not be 

obtained for this sample, and this was excluded for any analyses that compared T1:T2 

ratios.  The number of valid samples included in each B cell subset analysis has been 

documented in Table 4.15 and Table 4.16. 

 

Of note, CEP patients had fewer calculated B-cells (median 0.0215x109/l CEP vs 

0.0594x109/l CEN, p=0.150) and reduced B-cells as a proportion of the lymphocyte 

gate at 3 months (median 19% CEP vs 10% CEN, p=0.05) compared with CEN patients, 

although this did not meet clinical significance.  CEP patients were noted to have a 

higher %gated CD19+CD27+CD38- memory cells (2.28% CEP vs 0.82% CEN, p=0.0021), 

and CD19+CD27+IgD+Non-Switched Memory cells at 3 months compared with CEN 

patients (2.38% CEP vs 1.08% CEN, p=0.03), however the overall switched:non-

switched memory cell ratio was not statistically significant (see Table 4.15 and Table 

4.16). 
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Calculated lymphocyte 
subset (x109/L) 

CEN  
Median 
Value 

IQR CEP 
Median 
Value 

IQR 
p 

value 

CD19+ B-cells 
(CEN n=33, CEP n=25) 

0.0594 0.0830 0.0215 0.0497 0.150 

CD19+CD27+CD38- 
Memory Cells 

(CEN n=33, CEP n=25) 
0.000524 0.000709 0.000539 0.00110 0.583 

CD19+CD27-IgD+ Naïve 
(CEN n=33, CEP n=25) 

0.0572 0.0767 0.0209 0.0498 0.121 

CD19+CD27+IgD+ 
Non-Switched Memory 

(CEN n=33, CEP n=25) 
0.000458 0.00126 0.000449 0.000673 0.821 

CD19+CD27+IgD- Class 
switched Memory 

(CEN n=33, CEP n=25) 
0.000338 0.000494 0.000375 0.000829 0.572 

CD19+CD24hiCD38hi 
Transitional B-cells 

(CEN n=33, CEP n=25) 
0.0278 0.0391 0.0165 0.0374 0.357 

CD19+CD24+++CD38+++ T1 
(CEN n=33, CEP n=25) 

0.00686 0.00942 0.00564 0.00918 0.550 

CD19+CD24++CD38++ T2 
(CEN n=33, CEP n=25) 

0.0187 0.0265 0.0102 0.0243 0.293 

Table 4.15. Mann Whitney test comparing the 3-month B-cell phenotype (calculated) 

between CEN and CEP patients.   

Median values and interquartile range (IQR) are included in the table.  CEN – 

composite endpoint negative, CEP – composite endpoint positive 
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Lymphocyte Subset (%gated) 
CEN  

Median 
Value 

IQR CEP  
Median 
Value 

IQR 
p 

value 

CD19+ B-cells 
(CEN n=33, CEP n=25) 

18.9 22.8 10.7 13.81 0.050 

CD19+CD27+CD38- Memory 
Cells 

(CEN n=33, CEP n=25) 
0.820 1.30 2.28 5.83 0.0021 

CD19+CD27-IgD+ Naïve 
(CEN n=33, CEP n=25) 

97.6 2.44 96.2 9.60 0.072 

CD19+CD27+IgD+ 
Non-Switched Memory 

(CEN n=33, CEP n=25) 
1.08 1.37 2.38 3.09 0.0304 

CD19+CD27+IgD- Class switched 
Memory 

(CEN n=33, CEP n=25) 
0.52 0.78 1.16 4.39 0.081 

CD19+CD24hiCD38hi Transitional 
B-cells 

(CEN n=33, CEP n=25) 
54.8 37.67 62.13 30.42 0.296 

CD19+CD24+++CD38+++ T1 
(CEN n=33, CEP n=25) 

27.6 14.8 31.0 19.0 0.268 

CD19+CD24++CD38++ T2 
(CEN n=33, CEP n=25) 

72.4 14.97 68.5 20.28 0.245 

T1:T2 Ratio 
(CEN n=32, CEP n=25) 

0.380 0.303 0.450 0.460 0.296 

S:NS Memory Ratio 
(CEN n=33, CEP n=25) 

0.541 1.40 1.06 1.68 0.550 

Table 4.16.  Mann Whitney test comparing the 3-month B-cell phenotype (%gated) 

between CEN and CEP patients.   

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table.  

CEN – composite endpoint negative, CEP – composite endpoint positive. 
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Receiver operating characteristic curves were constructed which defined the optimum 

cut-off value of CD27+CD38- Memory cells = 1.185%.  This classified patients at risk of 

meeting the composite endpoint with a sensitivity of 80% and specificity of 67%, AUC 

0.733.  Using Kaplan Meier estimates, patients with >1.185% memory cells had a 

reduced composite survival, compared with patients who had ≤1.185% memory cells, 

with a log-rank hazard ratio of 4.39, p=0.001 (Figure 4.10).   

 

Similar assessments were performed focussing on % gated CD19+CD27+IgD+ non-

switched memory cells (Figure 4.11).  The optimum cut-off defined by the AUC was 

1.51% NS memory cells (AUC 0.6667, p=0.0309, sensitivity 64%, specificity 64%), 

however represented decreased sensitivity and specificity when compared with that 

obtained when assessing the %gated memory cells described above.  Patients with 

>1.51% NS memory cells at 3 months were more likely to reach the composite 

endpoint compared with patients who had <= 1.51% NS (Hazard ratio 3.512, p=0.0015 

log-rank).



 

 

 

 

128 

 
Figure 4.10. Assessment of 3-month CD27+CD38- Memory B-cells as a biomarker of 

outcome.  

Patients were split into two groups according to whether they met or did not meet 

the composite endpoint.  This included graft loss, recurrent proteinuria, >30% 

reduction in eGFR from 3-18 months, de novo DSA, biopsy proven rejection, 

recurrent disease).  A) Dot plots comparing the %gated memory cells between the 

two groups.  Individual values, median and interquartile ranges are shown.  B) ROC 

constructed from the 3-month % gated memory cells C) Kaplan Meier curves 

comparing composite-endpoint-free survival in patients stratified according to 

%gated memory cells.  CEN – composite endpoint negative, CEP – composite 

endpoint positive 
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Figure 4.11. Assessment of 3-month CD27+IgD+ Non-Switched Memory B-cells as a 

biomarker of outcome.  

Patients were split into two groups according to whether they met or did not meet 

the composite endpoint.  This included graft loss, recurrent proteinuria, >30% 

reduction in eGFR from 3-18 months, de novo DSA, biopsy proven rejection, 

recurrent disease).  A) Dot plots comparing the %gated non-switched memory cells 

between the two groups.  Individual values, median and interquartile ranges are 

shown.  B) ROC constructed from the 3-month % gated NS memory cells C) Kaplan 

Meier curves comparing composite-endpoint-free survival in patients stratified 

according to %gated NS memory cells.  CEN – composite endpoint negative, CEP – 

compositive endpoint positive 
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4.2.1.1.2 GRAFT SURVIVAL  

The 3-month B-cell phenotype was then assessed to see whether there was an 

association with subsequent allograft survival.  Patients were divided into two groups – 

graft survival (GS) and graft loss (GL) and their 3-month B-cell phenotypes were 

compared.  The clinical characteristics for both graft survival and graft loss groups have 

been listed in Table 4.17.  During the follow up period, 7 patients subsequently lost 

their graft.  All patients had received one or more biopsies prior to allograft loss.  Two 

of the seven patients had evidence of disease recurrence on their biopsy (both 

recurrent IgA nephropathy).  Four patients had evidence of rejection prior to graft loss 

(their biopsy results have been included in Table 4.20).  The final patient had 2 

biopsies.  The first biopsy at 6 weeks post-transplant was reported as patchy acute 

tubular necrosis with moderate arteriosclerosis and severe arteriolar hyalinosis.  The 

second biopsy (8 months post-transplant) was reported as interstitial fibrosis and 

tubular atrophy (IFTA) grade 1. 
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Variable TOTAL Graft Survival Graft Loss p-value 

Number 61 54 7  

Age (years, SD) 48 (13.8) 49 (13.6) 42 (15.2) 0.177 

Gender    0.693 

M 33 (54%) 30 (56%) 3 (43%)  

F 28 (46%) 24 (44%) 4 (57%)  

Primary Renal Disease    0.2831  

DM/HTN 8 (13%) 6 (11%) 2 (29%)  

GN 19 (31%) 16 (30%) 3 (43%)  

Hereditary 9 (15%) 8 (15%) 1 (14%)  

Other 15 (25%) 15 (28%) 0  

Unknown 10 (16%) 9 (17%) 1 (14%)  

Preemptive    0.0741  

Yes 18 (29%) 18 (33%) 0  

No 43 (71%) 36 (67%) 7 (100%  

Donor Type    0.740 

DBD 31 (51%) 27 (50%) 4 (57%)  

DCD 16 (26%) 15 (28%) 1 (14%)  

LD 14 (23%) 12 (22%) 2 (29%)  

HLA Mismatch Level    0.700 

1  8 (13%) 8 (15%) 0  

2  21 (34%) 18 (33%) 3 (43%)  

3  21 (34%) 18 (33%) 3 (43%)  

4  11 18%) 10 (19%) 1 (14%)  

Graft number    0.398 

1 46 (75%) 42 (78%) 4 (57%)  
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Variable TOTAL Graft Survival Graft Loss p-value 

2 14 (23%) 11 (20%) 3 (43%)  

3 1 (2%) 1 (2%) 0  

Median CIT (hrs, Q1-Q3) 12 (6) 12.4 (6) 13.7 (12) 0.497 

DGF    0.637 

Yes 13 (22%) 11 (21%) 2 (29%)  

No 47 (78%) 42 (79%) 7 (71%)  

Immunosuppression     

Calcineurin Inhibitor 
(Tacrolimus or Ciclosporin) 

59 (97%) 52 (96%) 7 (100%) 0.605 

Antiproliferative (MMF or 
Azathioprine) 

10 (16%) 7 (13%) 3 (30%) 0.08 

Steroids 16 (26%) 14 (26%) 2 (29%) 0.6531 

CNI variability 3-18 months  24.4 (7.5) 24 (7.54) 27 (7.23) 0.329 

Table 4.17.  The clinical characteristics of Alemtuzumab prospective study patients 

stratified according to graft survival.   

Maintenance immunosuppression refers to the immunosuppression regime at the 

time of the 3-month blood sample.  Continuous data were analysed using the Mann-

Whitney test.   Categorical data were analysed using the chi-squared test, unless 

otherwise indicated. 1Fishers exact test. 

 

Three out of the 61 patient samples (Graft survival, GS n=3) were excluded from the 

subsequent analysis due to insufficient B-cell events.  Therefore 58 samples (GS n=51, 

Graft Loss, GL n=7) were included in the 3-month prospective analyses.  In one of these 

samples, there were no T1 events.  A valid T1:T2 ratio could not be obtained for this 

sample, and this was excluded for any analyses that compared T1:T2 ratios (GS n=1).  

The number of valid samples included in each B cell subset analysis has been 

documented in Table 4.18 and Table 4.19. 
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Patients who lost their graft during the follow up period were noted to have a fewer 

%gated B-cells, a lower T1:T2 ratio, and a higher class-switched:non-switched memory 

ratio, however these differences were not statistically significant.  The comparison of 

lymphocyte subsets (% gated) between graft survival (GS) and graft loss (GL) patients 

can be seen in Table 4.19. 

 

Calculated lymphocyte 
subset (x109/L) 

GS  
Median 
Value 

IQR GL  
Median 
Value 

IQR 
p 

value 

CD19+ B-cells 
(GS n=51, GL n=7) 

0.0511 0.0680 0.0112 0.0188 0.040 

CD19+CD27+CD38- 
Memory Cells 

(GS n=51, GL n=7) 
0.000534 0.000742 0.000292 0.000930 0.467 

CD19+CD27-IgD+ Naïve 
(GS n=51, GL n=7) 

0.0505 0.0680 0.0107 0.0182 0.031 

CD19+CD27+IgD+ 
Non-Switched Memory 

(GS n=51, GL n=7) 
0.000537 0.00123 0.000290 0.000257 0.225 

CD19+CD27+IgD- Class 
switched Memory 
(GS n=51, GL n=7) 

0.000339 0.000339 0.000409 0.000868 0.972 

CD19+CD24hiCD38hi 
Transitional B-cells 

(GS n=51, GL n=7) 
0.0254 0.0403 0.00929 0.019 0.082 

CD19+CD24+++CD38+++ T1 
(GS n=51, GL n=7) 

0.00721 0.00886 0.00146 0.00429 0.024 

CD19+CD24++CD38++ T2 
 (GS n=51, GL n=7) 

0.0163 0.0163 0.00449 0.0145 0.144 

Table 4.18.  Comparison of 3 month calculated lymphocyte subsets (x109/l) obtained 

from Graft Survival (GS) and Graft Loss (GL) patients.   

Calculations were made using the Mann-Whitney test.  IQR – interquartile range 
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Lymphocyte Subset 
(% Gated) 

Median 
Value 

GS 
IQR 

Median 
Value 

GL 
IQR 

p 
value 

CD19+ B-cells 
(GS n=51, GL n=7) 

17.16 20.57 6.81 8.73 0.065 

CD27+CD38- Memory 
(GS n=51, GL n=7) 

1.15 3.57 1.76 5.52 0.194 

CD19+CD27-IgD+ Naïve 
(GS n=51, GL n=7) 

97.36 6.33 96.19 6.18 0.347 

CD19+CD27+IgD+ 
Non-Switched Memory 

(GS n=51, GL n=7) 
1.49 2.06 2.67 2.52 0.301 

CD19+CD27+IgD- Class switched 
Memory 

(GS n=51, GL n=7) 
0.65 1.72 1.16 3.52 0.335 

CD19+CD24hiCD38hi 
Transitional B-cells 

(GS n=51, GL n=7) 
56.3 32.42 79.43 35.48 0.279 

CD19+CD24+++CD38+++ T1 
(GS n=51, GL n=7) 

30.70 16.63 24.22 17.77 0.123 

CD19+CD24++CD38++ T2 
(GS n=51, GL n=7) 

69.19 17.48 75.6 17.75 0.103 

T1:T2 Ratio 
(GS n=50, GL n=7) 

0.440 0.375 0.320 0.300 0.102 

S:NS Ratio 
(GS n=51, GL n=7) 

0.565 1.46 1.048 2.54 0.559 

Table 4.19. Comparison of 3 month %gated lymphocyte subsets obtained from Graft 

Survival (GS) and Graft Loss (GL) patients.   

Calculations were made using the Mann-Whitney test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table. 



 

 

 

 

135 

There were however statistically significant differences when calculated values for 

each lymphocyte subset were considered.  Patients who lost their graft during the 

follow up period were found to have fewer CD19+ B (median 0.0112x109/l GL vs 

0.0511x109/l GS, p= 0.04), CD27-IgD+ naïve (median 0.0505x109/l GL vs 0.0107x109/l 

GS, p=0.031), and CD24+++CD38+++ T1 cells (median 0.00146x109/l GL vs 0.00721x109/l 

GS, p=0.024) at 3 months than those whose grafts remained functioning, (Table 4.18).   

 

Receiver operating characteristic curves were constructed to determine the cell counts 

that would separate the two groups with optimum sensitivity and specificity (Figure 

4.12).  Calculated CD27-IgD+ Naïve cells <0.0135x109/L was the best marker of 

subsequent graft loss (AUC = 0.7514, sensitivity 71%, specificity 78%, p=0.0324).  

Calculated CD19+ B-cells <0.01553x109/L was also a good classifier with (AUC = 0.7405, 

sensitivity 71%, specificity 78%, p=0.0410.   

 

Kaplan Meier curves were then constructed using the cut-off values determined by the 

ROC analyses (Figure 4.13).  Patients with a low calculated CD19+ count 

(<0.01553x109/L) were associated with reduced allograft survival (Hazard ratio 7.406, 

95% CI of ratio 1.346 – 40.76, p=0.0048), with 29% of patients losing their graft over 

the subsequent 5-year follow up period.  Alternatively, only 4.8% of patients with a 

high 3-month CD19+ count lost their graft during the follow up period.  Similarly, a low 

CD27-IgD+ Naïve count was associated with reduced graft allograft survival (Hazard 

ratio 8.594, 95% CI of ratio 1.766 – 41.82, p=0.0015).  Kaplan meier curves 

demonstrated that patients with a reduced T1 cell count at 3 months also had an 

increased risk of subsequent allograft failure, but this did not reach statistical 

significance (Hazard ratio 3.004, 95%CI of ratio 0.6059-14.89, p=0.1016).       

 

Having demonstrated that graft loss was associated with a reduced CD19+ count, the 7 

graft loss patients were investigated separately to see whether there was a 3- month 

phenotype that could differentiate graft loss due to disease recurrence or allograft 

rejection.  The calculated B-cells were similar between the 2 groups (median calculated 

CD19+ 0.0123x109/L Rejection vs 0.0112x109/L Disease recurrence p=0.857), and 
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although the differences were not statistically significant, there was a trend towards 

increased TrBs (median %gated TrB 82 rejection, 50 disease recurrence, p=0.629), with 

an overall reduced T1:T2 ratio (median T1:T2 ratio 0.182 rejection, 0.325 disease 

recurrence, p=0.4) in those who had evidence of rejection on biopsy. 

 

As previous studies have highlighted the T1:T2 ratio as a potential biomarker of 

reduced graft survival, and as demonstrated in the previous chapter, the T1:T2 ratio 

decreases with time post transplant. 

 

Finally, for the purposes of tracking potentially clinically significant values of the T1:T2 

ratio with time, a ROC curve analysis was performed.  This is because previous studies 

have highlighted the T1:T2 ratio as a potential biomarker of reduced graft survival,141 

and the T1:T2 ratio decreases with time post-transplant as described in Section 4.1).  

Although the two groups were not significantly different, a cut off value of 0.3250 

classified the two groups with a sensitivity of 71%, specificity 65%, AUC = 0.6891, 

p=0.1071 (Figure 4.14). 
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Figure 4.12. 3-month B-cell surface phenotype in Alemtuzumab patients.   

Patients were split into two groups according to graft survival (GS) or graft loss (GL) during the follow up period.  The top panel contains 

comparisons between the two groups using the Mann-Whitney test.  Individual values, median and interquartile ranges are shown.  The bottom 

panel contains receiver operating characteristic curves constructed from the 3-month A) calculated B lymphocytes, B) Calculated CD27-IgD+ Naïve 

C) Calculated CD24+++CD38+++ T1 cells.
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Figure 4.13. Kaplan Meier survival estimates of graft loss in the 5 years following the 

3-month blood sampling in Alemtuzumab patients. 

Patients were split into two groups based on optimal thresholds obtained from ROC 

curve analyses. A) calculated B lymphocytes, B) Calculated CD27-IgD+ Naïve C) 

Calculated CD24+++CD38+++ T1 cells 
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Figure 4.14.  Assessment of 3-month T1:T2 ratio as a biomarker of graft loss.  

Patients were split in 2 groups (GS and GL).  A) Mann Whitney test comparing the 

two groups with individual values, median and IQR shown, B) ROC curve analysis, C) 

Kaplan Meier survival curves using optimal thresholds defined by ROC curve analysis. 
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4.2.1.1.3 REJECTION 

During this follow up period, 5 out of 61 patients were found to have an episode of 

biopsy proven rejection (2x mixed TCMR and ABMR, 2x ABMR 1x borderline), and 4/5 

of rejection patients subsequently lost their graft.  The biopsy results for these patients 

can be viewed in Table 4.20.   

 

Three out of the 61 patient blood samples were excluded from the subsequent 

analysis due to insufficient B-cell events.  Therefore 58 samples were included in the 3-

month prospective analyses.  In one of these samples, there were no T1 events.  A 

valid T1:T2 ratio could not be obtained for this sample, and this was excluded for any 

analyses that compared T1:T2 ratios (NR n=1).  The number of valid samples included 

in each B cell subset analysis has been documented in Table 4.21 and Table 4.22.  The 

calculated B-cell phenotype was first assessed between the ‘Rejection’ (R) and ‘No 

rejection’ (NR) groups; no statistically significant differences in the calculated 

lymphocyte subsets (Table 4.21).  The %gated values were then assessed:  There were 

no statistically significant differences in the proportion of CD19+ B-cells or memory 

cells between the two groups (Table 4.22), however, patients who subsequently went 

on to develop rejection episodes had a higher proportion of transitional B-cells 

(median 84.4% Rejection vs 54.8% No Rejection p=0.044).  Interestingly despite having 

a higher proportion of TrBs, rejection patients had a reduced T1 cells (median 17.1% 

Rejection vs 30.7% No-Rejection, p=0.0256), and increased T2 cells (median 83% 

Rejection vs 69.3% No-Rejection, p=0.0255), resulting in a lower overall T1:T2 ratio 

when compared with non-rejection patients (Median Ratio 0.210 Rejection vs 0.440 

No-Rejection, p=0.0259).                                                                                                                                                                                                  
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Table 4.20. Histology Results for patients with evidence of rejection during follow up. 

Time post-transplant has been reported in months.  If the histopathologist reported a result that was in-between 2 Banff scores, for example 

Glomerulitis: between G1 - G2, the result was coded as G = 1.5.  AMR, ABMR – antibody mediated rejection, RAS – renal artery stenosis, TCMR – 

T-cell mediated rejection 
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Calculated lymphocyte 
subset (x109/L) 

Median 
Value 

No 
Rejection 

NR 
IQR 

Median 
Value 

Rejection  

R 
IQR p 

value 

CD19+ B-cells 
(NR n=53, R=5) 

0.0408 0.0736 0.0136 0.0379 0.142 

CD19+CD27+CD38- 
Memory Cells 

(NR n=53, R=5) 
0.000551 0.000811 0.000194 0.00344 0.068 

CD19+CD27-IgD+ Naïve 
(NR n=53, R=5) 

0.0392 0.0712 0.0133 0.0372 0.274 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NR n=53, R=5) 
0.000508 0.000878 0.000185 0.000783 0.341 

CD19+CD27+IgD- Class 
switched Memory 

(NR n=53, R=5) 
0.000368 0.000570 0.000101 0.000370 0.300 

CD19+CD24hiCD38hi 
Transitional B-cells 

(NR n=53, R=5) 
0.0238 0.0400 0.0108 0.0378 0.691 

CD19+CD24+++CD38+++ T1 
(NR n=53, R=5) 

0.00646 0.00990 0.00472 0.00660 0.287 

CD19+CD24++CD38++ T2 
(NR n=53, R=5) 

0.0152 0.0259 0.00933 0.0328 0.838 

Table 4.21.  Mann Whitney comparison of calculated lymphocyte subsets in rejection 

(R) and no rejection (NR) groups.   

Median values and interquartile range (IQR) for each group are included in the table. 
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Lymphocyte Subset 
(% Gated) 

Median 
Value 

No 
Rejection 

No 
Rejection 

IQR 

Median 
Value 

Rejection 

Rejection 
IQR 

p 
value 

CD19+ B-cells 
(NR n=53, R=5) 

14.74 20.47 6.81 7.99 0.142 

CD19+CD27+CD38- 
Memory 

(NR n=53, R=5) 
1.19 4.66 1.19 3.73 0.747 

CD19+CD27-IgD+ Naïve 
(NR n=53, R=5) 

97.1 7.05 97.5 3.41 0.851 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NR n=53, R=5) 
1.53 2.46 1.68 2.37 0.936 

CD19+CD27+IgD- Class 
switched Memory 

(NR n=53, R=5) 
0.66 2.83 0.74 2.29 0.914 

Switched:NS Mem Ratio 
(NR n=53, R=5) 

0.619 1.50 0.679 1.95 0.816 

CD19+CD24hiCD38hi 
Transitional B-cells 

(NR n=53, R=5) 
54.8 30.29 84.4 32.98 0.0436 

CD19+CD24+++CD38+++ T1 
(NR n=53, R=5) 

30.7 15.70 17.1 20.61 0.0256 

CD19+CD24++CD38++ T2 
(NR n=53, R=5) 

69.2 16.82 83.0 20.93 0.0255 

T1:T2 Ratio 
(NR n=52, R=5) 

0.440 0.366 0.210 0.47 0.0259 

Table 4.22. Mann Whitney-U comparison of 3-month B-cell phenotype (%gated) in 

rejection (R) and no rejection (NR) patient groups.   

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table. 
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Receiver operating characteristic curves (ROCs) were constructed using the %TrB, %T1, 

%T2 and %T1:T2 ratios to determine the optimum cut off values that would separate 

the R and NR groups.  As demonstrated in Figure 4.15, the best predictor of 

subsequent allograft rejection was the %T1 with an area under the curve (AUC) of 0.8 

on ROC analysis.  A T1 cut-off of <17.66% had a sensitivity of 80% and a specificity of 

96%.  %T2 (AUC 0.7981) and T1:T2 ratios (AUC 0.7981) were also very good predictors 

of subsequent allograft rejection.  The T2 cut off >82.04% was associated with a 

sensitivity of 80% and specificity of 96%, and the T1:T2 ratio cut off <0.215 had a 

similar sensitivity of 80% and specificity of 96%.  These cut-off values were used to 

construct Kaplan Meier rejection free survival estimates which can be viewed in Figure 

4.16.  Over the subsequent 5 years, 67% of patients with a low %T1 (<17.66), high %T2 

(>82.05) and low T1:T2 ratio (<0.215) developed biopsy proven allograft rejection, 

whereas only 2% of patients with high %T1, low %T2 and high T1:T2 ratios had 

allograft rejection.  As the T1:T2 ratio includes the %T1 and %T2 values, the 

transitional cell T1:T2 ratio was used for further statistical analyses.  Table 4.24 

compares the clinical characteristics between patients who had a low T1:T2 ratio and a 

high T1:T2 ratio at 3 months post-transplant.  There were no statistically significant 

differences between the two groups, however patients with a low T1:T2 ratio tended 

be younger in age (median age 39, IQR 17) than those with a high ratio (median age 

52, IQR 19, p=0.054).  Patients with a low T1:T2 ratio also had a higher variability in 

calcineurin inhibitor levels between 3-18 months post-transplant, but this was not 

statistically significant.    
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Figure 4.15.  Receiver operating characteristic curve analysis for transitional B-cells (TrBs), T1, T2 cells and T1:T2 ratio as markers for subsequent 

allograft rejection.   
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Figure 4.16. Kaplan Meier curves estimating 5-year rejection free survival over 5 years from blood sampling (3 months post-transplant). 
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To see whether the transitional cell T1:T2 ratio, was associated with subsequent 

rejection independent of other variables affecting rejection free survival (high 

calcineurin inhibitor variability, NHS-BT mismatch levels, regrafts), a multivariate cox 

proportional hazards analysis was performed.  This showed that a low T1:T2 ratio was 

independently associated with subsequent allograft rejection (adjusted hazards ratio 

62; 95% CI 3.31-1161, p=0.006), Table 4.23. 

 Hazard Ratio 
(95% CI) 

P value 

T1:T2 ratio <0.215 62.0 (3.31-1161) 0.006 
Regraft vs 1st graft 1.89 (0.093-38.4) 0.679 
FK variability 3-18 months 1.214 (0.888-1.66) 0.225 
NHSBT mismatch (levels 3 or 4 vs levels 1 or 2) 1.32 (0.162-10.663) 0.797 

Table 4.23. Rejection - Multivariate analysis 
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Variable Study 
Population 

T1:T2 Ratio 
<0.215 

 

T1:T2 Ratio 
≥0.215 

p- 
value 

Number 57 6 51  

Recipient Age (yr, med + IQR) 49 (22) 39 (17) 52 (19) 0.054 

Recipient Gender    0.102 

Male 29 (51%) 5 (83%) 28 (55%)  

Female 28 (49%) 1 (17%) 23 (45%)  

Recipient Ethnicity    0.852 

Caucasian 51 (90%) 6 (100%) 45 (88%)  

Asian 4 (7%) 0 4 (100%)  

Afro-Caribbean 1 (2%) 0 1(100%)  

Other 1 (2%) 0 1 (100%)  

Cause of ESRD    0.939 

Diabetes and Hypertension 7 (12%) 1 (17%) 6 (12%)  

Glomerulonephritis 18 (32%) 1 (17%) 15 (33%)  

Inherited 9 (16%) 1 (17%) 8 (16%)  

Other 14 (25%) 2 (33%) 12 (24%)  

Unknown 9 (16%) 1 (17%) 8 (16%)  

Pre-emptive Transplant    0.570 

Yes 15 (26%) 1 (17%) 14 (28%)  

No 42 (74%) 5 (83%) 37 (73%)  

Donor Type    0.937 

LD 12 (23%) 1 (17%) 11 (22%)  

DBD 29 (50%) 3 (50%) 26 (51%)  

DCD 16 (27%) 2 (33%) 14 (28%)  

Graft Number    0.900 

1 44 (77%) 5 (83%) 39 (77%)  

2 12 (21%) 1 (17%) 11 (22%)  

3 1 (2%) 0 1 (2%)  

NHSBT HLA Mismatch Level    0.400 

1 8 (14%) 0 8 (14%)  
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Variable Study 
Population 

T1:T2 Ratio 
<0.215 

 

T1:T2 Ratio 
≥0.215 

p- 
value 

2 18 (32%) 3 (50%) 15 (29%)  

3 22 (39%) 3 (50%) 19 (37%)  

4 9 (16%) 0 9 (18%)  

Delayed Graft Function?    0.683 

Yes 14 (25%) 2 (33%) 12 (24%)  

No 42 (75%) 4 (67%) 38 (76%)  

Maintenance 
Immunosuppression* 

   0.105 

Tacrolimus 56 (98%) 5 (83%%) 51 (100%)  

Sirolimus 1 (2%) 1 (17%) 0  

Antiproliferative 
(Azathioprine/MMF)? 

   0.237 

Yes 9 (16%) 2 (33%) 7 (14%)  

No 48 (84%) 4 (67%) 44 (86%)  

Prednisolone?    0.125 

Yes 13 (23%) 3 (50%) 10 (20%)  

No 44 (77%) 3 (50%) 41 (80%)  

3-month eGFR (med, IQR) 42 (22) 30 (31) 42 (19) 0.254 

3-month UPCR (med, IQR) 15 (24) 31 (57) 14 (20) 0.138 

CNI variability 3-18 months 24.0 (7.22) 29 (8.9) 23.3 (6.4) 0.073 
Table 4.24.  The comparison of clinical characteristics for patients with a high T1:T2 

ratio (>=0.215) and a low T1:T2 ratio (<0.125) at 3 months post-transplant.   

Although 61 patients were initially included in the analysis, only 57 valid T1:T2 ratios 

could be obtained.  Categorical data were analysed using Chi-square tests.  

Continuous data were analysed using the Mann Whitney test.  Med – median, IQR – 

interquartile range, MMF – mycophenolate mofetil 
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4.2.1.1.4 DISEASE RECURRENCE 

Three patients developed disease recurrence during the follow up period (1 x 

membranous, 2 x IgA).  Patients were divided into two groups depending on the 

recurrence of disease on biopsy.  There were no differences in the B-cell phenotype 

(%gated and calculated) when the two groups were compared (Mann Whitney Test). 

4.2.1.1.5 RECURRENT PROTEINURIA 

Three out of the 61 patient blood samples were excluded from the subsequent 

analysis due to insufficient B-cell events (No Proteinuria n=3).  Fifty-eight samples were 

included in the 3-month analyses for the development of recurrent proteinuria.  In one 

of these samples, there were no T1 events.  A valid T1:T2 ratio could not be obtained 

for this sample, and this was excluded for any analyses that compared T1:T2 ratios 

(Recurrent Proteinuira, RP n=1).  The number of valid samples included in each B cell 

subset analysis has been documented in Table 4.25 and Table 4.26. 

 

Eighteen patients developed recurrent proteinuria during the follow up period.  The 

calculated B-cell subsets (Table 4.25) and % gated B-cell subsets (Table 4.26) were 

compared using the Mann Whitney test (Proteinuria = 18, no proteinuria = 40).  There 

were no statistically significant differences in the calculated B-cells and calculated B-

cell subsets obtained from the two groups.  However, patients who developed 

recurrent proteinuria had a higher 3-month frequency of CD19+CD27+CD38- memory 

cells compared with patients who did not develop recurrent proteinuria (Memory cells 

3.14% recurrent proteinuria vs 0.85% no proteinuria, p=0.022).  Similarly, patients who 

developed recurrent proteinuria had a higher 3-month frequency of CD19+CD27+IgD+ 

non-switched memory cells (non-switched memory cells 2.9% recurrent proteinuria vs 

1.08% no proteinuria, p=0.041).  A higher frequency of CD19+CD27+IgD- switched 

memory cells were also noted in the proteinuria group, with an increased 

switched:non-switched ratio, however these differences did not reach statistical 

significance.   
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ROC curve analysis classified the development of recurrent proteinuria using a cut off 

value of %gated Memory cells > 1.185%, with a sensitivity of 79%, specificity of 61% 

and AUC 0.07051, p=0.0239 (Figure 4.17b).  Kaplan Meier curves were constructed 

using this cut-off value (Figure 4.17c) and patients with high 3-month frequencies of 

memory cells >1.185% were more likely to develop proteinuria with a hazard ratio of 

4.544, CI 1.584-13.03, p=0.0105.  
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Calculated lymphocyte 
subset (x109/L) 

Median 
Value 

NP 

IQR Median 
Value 

RP 

IQR 
p 

value 

CD19+ B-cells 
(NP n=40, RP n=18) 

0.0594 0.0820 0.0251 0.0311 0.137 

CD19+CD27+CD38- 
Memory Cells 

(NP n=40, RP n=18) 
0.000545 0.000723 0.000404 0.00108 0.894 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=18) 

0.0572 0.0829 0.0238 0.0298 0.105 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=18) 
0.000552 0.00120 0.00348 0.000601 0.641 

CD19+CD27+IgD- Class 
switched Memory 

(NP n=40, RP n=18) 
0.000340 0.000532 0.000367 0.000721 0.929 

CD19+CD24hiCD38hi 
Transitional B-cells 
(NP n=40, RP n=18) 

0.03302 0.0419 0.0188 0.214 0.183 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=18) 

0.00775 0.00997 0.00564 0.00650 0.239 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=18) 

0.0187 0.0309 0.0116 0.014 0.214 

Table 4.25. Mann-Whitney test comparing calculated 3-month B-cell subsets in 

patients with no recurrent proteinuria (NP) and recurrent proteinuria (RP) in the 

subsequent follow up period.    

Recurrent proteinuria was defined as urine protein creatinine ratio (UPCR) >50 on 

two or more occasions. Median values and interquartile range (IQR) for each group 

are shown.  
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Lymphocyte Subset 
(%gated) 

Median 
Value 

UPCR<50 

IQR Median Value 
Recurrent 
UPCR>50 

IQR p 
value 

CD19+ B-cells 
(NP n=40, RP n=18) 

19.0 21.76 10.45 9.42 0.059 

CD19+CD27+CD38- 
Memory 

(NP n=40, RP n=18) 
0.85 1.33 3.14 6.14 0.022 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=18) 

97.5 2.86 94.75 10.98 0.089 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=18) 
1.08 1.45 2.90 1.45 0.041 

CD19+CD27+IgD- Class 
switched Memory 

(NP n=40, RP n=18) 
0.620 1.15 1.32 5.22 0.085 

CD19+CD24hiCD38hi 
Transitional B-cells 
(NP n=40, RP n=18) 

56.3 36.25 55.85 31.15 0.743 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=18) 

28.1 15.10 30.0 16.6 0.841 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=18) 

71.4 15.33 69.30 18.1 0.800 

T1:T2 Ratio 
(NP n=40, RP n=17) 

0.390 0.31 0.435 0.400 0.816 

Switched:NS Ratio 
(NP n=40, RP n=18) 

0.541 1.71 1.16 1.57 0.564 

Plasmablasts 
(NP n=40, RP n=18) 

0.700 0.94 0.750 0.59 0.743 

Table 4.26.  Association between % gated 3-month B-cell subsets and recurrent 

proteinuria in the subsequent follow up period.   

Comparisons were made using the Mann-Whitney Test. UPCR – urine protein 

creatinine ratio. T1:T2 and S:NS ratios were calculated for each individual patient.  

The median values and interquartile range (IQR) for each group are included in the 

table. 
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Figure 4.17.  Assessment of 3-month CD19+CD27+CD38- memory cells as a biomarker 

of recurrent proteinuria.   

Patients were divided into two groups (Recurrent Proteinuria and No Proteinuria).  

A) Dot plot comparing %gated Memory cells obtained from the two groups using the 

Mann Whitney Test.  Individual values, median and IQR shown B) ROC curve analysis 

C) Kaplan Meier survival curves demonstrating recurrent proteinuria-free survival in 

patients with high and low %Memory cells as defined by ROC curve. 
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As the pathogenesis of proteinuria can be varied, the demographics and some clinical 

characteristics of patients with recurrent proteinuria were reviewed in Table 4.27).  

Biopsies were performed in 80% of these patients.  For those who were not offered a 

biopsy, one patient had poorly controlled diabetes, and 2 patients were under 

management for recurrent urinary tract infections, and the proteinuria was thought to 

be related to these issues.  Reviewing the patients who received a biopsy, 5 patients 

demonstrated evidence of rejection (TCMR, ABMR, mixed or borderline features), and 

3 had evidence of recurrent disease.  One patient was switched to sirolimus as there 

were features in keeping with calcineurin inhibitor toxicity, and two patients were 

found to have features associated with infection (1x BK nephropathy, 1x bacterial 

infection).  The patient with BK nephropathy on the first biopsy was found to have 

features associated with rejection on subsequent biopsies. 

 

ID Primary Disease Biopsy Results UTIs Sirolimus Comment 
7 MCGN Yes x1 Borderline TCMR  No  
11 FSGS No NA Yes No  
15 Membranous Yes x 1 Recurrent 

membranous 
No No  

16 GN Yes x 1 IFTA grade 
I/segmental sclerosis 

No No  

60 Hypertension Yes x 2 Borderline TCMR 
IFTA grade III 
 

No No  

61 T2DM No  No No Poorly 
controlled 
DM 

63 T2DM Yes x 1 CNI toxicity No Yes  
67 SLE Yes x 3 IFTA Gr 1, BKN 

IFTA, TCMR 
Mixed ABMR + TCMR, 
IFTA Gr 1 

No No  

72 IGAN Yes x 2 Recurrent IGA 
Recurrent IGA 

No No  
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ID Primary Disease Biopsy Results UTIs Sirolimus Comment 
77 T2DM Yes x 3 ATN 

RAS 
Mixed TCMR, ABMR, 
IFTA Gr1 

No No  

82 ADPKD Yes x 2 ATN with moderate 
arteriosclerosis 
IFTA Gr 1 

No No  

85 Chronic 
pyelonephritis 

Yes x 1 IFTA Gr 1 No No  

95 ADPKD Yes x 3 IFTA ?rejection 
?infection 
IFTA Gr 1 
IFTA ? infection ? 
rejection 

No No  

98 Interstitial 
Nephritis 

Yes x 3 ?ABMR 
IFTA Gr 2 
IFTA + vascular 
hyalinosis 

No No  

100 Congenital renal 
dysplasia 

No NA Yes No  

108 Unknown Yes x 2 Active ABMR 
Active ABMR 

No No  

115 IgA 
Nephropathy 

Yes x 1 Recurrent IgA No No  

118 Renovascular 
disease 

Yes x1 Infection Yes No  

Table 4.27.  Clinical features of patients with recurrent proteinuria 

 

The patients who were thought to have recurrent proteinuria associated with bacterial 

infection, poorly controlled diabetes and sirolimus use (highlighted in grey in Table 

4.27) were removed from the patient set, and calculations were repeated (Table 4.28 

and Table 4.29).  Upon recalculation, no significant differences were noted in %gated 

or calculated B cell subsets.  This suggests that the findings noted above (increased 

memory cells associated with increased risk of proteinuria) may have been associated 

with other causes of non-immune mediated proteinuria (e.g. recurrent UTIs), 

acknowledging as well that with such small patient numbers, patient selection can 

significantly affect results. 
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Calculated lymphocyte 
subset (x109/L) 

Median 
Value 

UPCR<50 

IQR Median 
Value 

Recurrent 
UPCR>50  

IQR 
p 

value 

CD19+ B-cells 
(NP n=40, RP n=13) 

0.0593 0.0820 0.0209 0.0279 0.064 

CD19+CD27+CD38- 
Memory Cells 

(NP n=40, RP n=13) 
0.000545 0.000723 0.000292 0.000601 0.209 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=13) 

0.0572 0.0829 0.0204 0.028 0.060 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=13) 
0.000552 0.00120 0.000176 0.000389 0.141 

CD19+CD27+IgD- Class 
switched Memory 

(NP n=40, RP n=13) 
0.000340 0.000533 0.000176 0.000615 0.482 

CD19+CD24hiCD38hi 
Transitional B-cells 
(NP n=40, RP n=13) 

0.0330 0.0419 0.0184 0.0203 0.114 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=13) 

0.00775 0.00997 0.00554 0.00569 0.134 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=13) 

0.0185 0.309 0.0100 0.012 0.141 

Table 4.28. Redo Calculation: Association between calculated 3-month B-cell subsets 

and recurrent proteinuria in the subsequent follow up period.   

Comparisons were made using the Mann-Whitney Test. UPCR – urine protein 

creatinine ratio 
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Lymphocyte Subset 
(%gated) 

Median 
Value 

UPCR<50 

IQR Median Value 
Recurrent 
UPCR>50 

IQR p 
value 

CD19+ B-cells 
(NP n=40, RP n=13) 

18.97 21.76 8.35 8.17 0.068 

CD19+CD27+CD38- Memory 
(NP n=40, RP n=13) 

0.85 1.33 1.38 5.01 0.229 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=13) 

97.53 2.86 97.3 6.46 0.134 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=13) 
1.08 1.45 1.75 2.77 0.499 

CD19+CD27+IgD- Class 
switched Memory 

(NP n=40, RP n=13) 
0.62 1.15 1.16 4.34 0.482 

CD19+CD24hiCD38hi 
Transitional B-cells 
(NP n=40, RP n=13) 

56.29 36.25 64.7 34.22 0.272 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=13) 

28.1 15.1 28.7 16.63 0.755 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=13) 

71.41 15.33 70.1 17.65 0.755 

T1:T2 Ratio 
(NP n=40, RP n=13) 

0.39 0.31 0.410 0.36 0.736 

Switched:NS Ratio 
(NP n=40, RP n=13) 

0.541 1.71 1.169 1.99 0.499 

Plasmablasts 
(NP n=40, RP n=13) 

0.70 0.94 0.72 1.07 0.678 

Table 4.29.  Redo Calculation: Association between % gated 3-month B-cell subsets 

and recurrent proteinuria in the subsequent follow up period.   

Comparisons were made using the Mann-Whitney Test. UPCR – urine protein 

creatinine ratio. T1:T2 and S:NS ratios were calculated for each individual patient.  

The median values and interquartile range (IQR) for each group are included in the 

table.
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4.2.1.1.6 DEVELOPMENT OF DE NOVO HLA ANTIBODIES AND DONOR SPECIFIC 

ANTIBODIES 

During the follow up period, 30 patients developed de novo HLA antibodies, and 10 

patients developed de novo donor specific antibodies above the predefined cut-off 

(MFI>1000).  

Three out of the 61 patient blood samples were excluded from the subsequent 

analysis due to insufficient B-cell events (no DSA n=2, DSA n=1, no HLA antibodies n=2, 

HLA antibodies n=1).  Therefore 58 samples were included in the 3-month prospective 

analyses (no DSA n=49, DSA n=9 and no HLA antibodies n=29, HLA antibodies n=29).  In 

one of these samples, there were no T1 events.  A valid T1:T2 ratio could not be 

obtained for this sample, and this was excluded for any analyses that compared T1:T2 

ratios (no DSA n=1, no HLA antibody n=1).  The number of valid samples included in 

each B cell subset analysis has been documented in Table 4.30 through to Table 4.33. 

 

The 3-month calculated B-cell phenotype (calculated and % of parent gate) were not 

associated with the development of either de novo HLA antibodies or DSAs over the 

follow up period (Table 4.30, 

Table 4.32).  It was noted however that patients who developed DSAs had almost 

twice the 3-month switched memory:non-switched memory cell ratio than patients 

who did not develop DSA however this was not statistically significant (1.12 vs 0.565, 

p=0.360). 

  



 

 

 

 

160 

Lymphocyte Subset 
(Calculated, x109/L) 

Median 
Value 

No DSA  

No DSA 
IQR 

Median 
Value 
DSA  

DSA 
IQR 

p 
value 

CD19+ B-cells 
(No DSA n=49, DSA n=9) 

0.0335 0.0733 0.0374 0.0889 0.991 

CD19+CD27-IgD+ Naïve 
(No DSA n=49, DSA n=9) 

0.0328 0.0729 0.0474 0.0718 0.911 

CD19+CD27+IgD+ 
Non-Switched Memory 
(No DSA n=49, DSA n=9) 

0.000432 0.000878 0.000472 0.00180 0.859 

CD19+CD27+IgD-  Switched 
Memory 

(No DSA n=49, DSA n=9) 
0.000324 0.000528 0.000387 0.00927 0.423 

CD19+CD24hiCD38hi TrBs 
(No DSA n=49, DSA n=9) 

0.0208 0.0332 0.0394 0.0496 0.449 

CD19+CD24+++CD38+++ T1 
(No DSA n=49, DSA n=9) 

0.00574 0.00916 0.00773 0.0112 0.533 

CD19+CD24++CD38++ T2 
(No DSA n=49, DSA n=9) 

0.0131 0.0248 0.0273 0.0405 0.563 

CD27+CD38+Plasmablasts 
(No DSA n=49, DSA n=9) 

0.000204 0.000555 0.000252 0.00133 0.533 

Table 4.30. Calculated 3-month B-cell phenotype and the development of DSAs over 

the subsequent follow up period. 

Comparisons were made using the Mann-Whitney Test.  Median values and 

interquartile range (IQR) are included for each group. DSA – donor specific antibody 
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Lymphocyte Subset 
(% Gated) 

Median 
Value 

No DSA  

No DSA 
IQR 

Median 
Value 
DSA  

DSA 
IQR 

p 
value 

CD19+ B-cells 
(No DSA n=49, DSA n=9) 

14.10 21.3 16.93 16.54 0.991 

CD19+CD27-IgD+ Naïve 
(No DSA n=49, DSA n=9) 

97.40 4.23 94.20 15.03 0.456 

CD19+CD27+IgD+ 
Non-Switched Memory 
(No DSA n=49, DSA n=9) 

1.59 2.06 1.99 3.50 0.664 

CD19+CD27+IgD-  Switched 
Memory 

(No DSA n=49, DSA n=9) 
0.635 1.29 0.935 6.36 0.290 

CD19+CD24hiCD38hi TrBs 
(No DSA n=49, DSA n=9) 

54.40 34.16 65.00 26.76 0.136 

CD19+CD24+++CD38+++ T1 
(No DSA n=49, DSA n=9) 

29.40 15.33 26.50 24.25 0.947 

CD19+CD24++CD38++ T2 
(No DSA n=49, DSA n=9) 

70.40 16.17 72.70 24.57 0.894 

T1:T2 Ratio 
(No DSA n=48, DSA n=9) 

0.415 0.323 0.365 0.640 0.991 

CD27+CD38+Plasmablasts 
(No DSA n=49, DSA n=9) 

0.705 0.86 0.82 2.06 0.221 

Switched Mem:NS Mem 
Ratio 

(No DSA n=49, DSA n=9) 
0.565 1.39 1.12 2.77 0.306 

Table 4.31. % Gated 3-month B-cell phenotype and the development of DSAs over 

the subsequent follow up period.   

Comparisons were made using the Mann-Whitney Test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table. DSA – donor specific antibody 
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Lymphocyte Subset 
(Calculated, x109/L) 

Median 
Value 

No HLA 
Α  

No HLA 
A IQR 

Median 
Value 

De novo 
HLA A  

De novo 
HLA A 

IQR 

p 
value 

CD19+ B-cells 
(No HLA A n=29, HLA A n=29) 

0.0238 0.0598 0.0374 0.0994 0.700 

CD19+CD27-IgD+ Naïve 
(No HLA A n=29, HLA A n=29) 

0.0231 0.0588 0.0572 0.0819 0.422 

CD19+CD27+IgD+ 
Non-Switched Memory 

(No HLA A n=29, HLA A n=29) 
0.000432 0.000706 0.000395 0.00132 0.883 

CD19+CD27+IgD- Switched 
Memory 

(No HLA A n=29, HLA A n=29) 
0.000324 0.000521 0.000412 0.000773 0.566 

CD19+CD24hiCD38hi TrBs 
(No HLA A n=29, HLA A n=29) 

0.0164 0.0263 0.0322 0.0429 0.201 

CD19+CD24+++CD38+++ T1 
(No HLA A n=29, HLA A n=29) 

0.00472 0.00651 0.00686 0.00972 0.213 

CD19+CD24++CD38++ T2 
(No HLA A n=29, HLA A n=29) 

0.0100 0.0167 0.0176 0.0330 0.195 

CD27+CD38+Plasmablasts 
(No HLA A n=29, HLA A n=29) 

0.000512 0.000688 0.00545 0.00114 0.441 

 

Table 4.32.  Comparisons between calculated 3-month B phenotype and the 

development of de novo HLA antibodies. 

Comparisons were made using the Mann-Whitney Test.  Median values and 

interquartile range (IQR) are included for each group. HLA A – HLA 

antibody  
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Lymphocyte Subset 
(%gated) 

Median 
Value 

No HLA Α  

No HLA A 
IQR 

Median 
Value 

De novo 
HLA A  

HLA 
A 

IQR 

p 
value 

CD19+ B-cells 
(No HLA A n=29, HLA A n=29) 

12.1 21.3 15.8 18.94 0.786 

CD19+CD27-IgD+ Naïve 
(No HLA A n=29, HLA A n=29) 

97.1 5.53 97.53 5.98 0.692 

CD19+CD27+IgD+ 
Non-Switched Memory 

(No HLA A n=29, HLA A n=29) 
1.72 2.78 1.49 2.01 0.840 

CD19+CD27+IgD- Switched 
Memory 

(No HLA A n=29, HLA A n=29) 
0.720 2.42 0.660 2.07 0.680 

CD19+CD24hiCD38hi TrBs 
(No HLA A n=29, HLA A n=29) 

50.9 41.31 62.1 27.74 0.316 

CD19+CD24+++CD38+++ T1 
(No HLA A n=29, HLA A n=29) 

31.0 20.62 28.1 15.26 0.907 

CD19+CD24++CD38++ T2 
(No HLA A n=29, HLA A n=29) 

69.0 20.01 71.4 15.66 0.919 

T1:T2 Ratio 
(No HLA A n=28, HLA A n=29) 

0.45 0.458 0.39 0.335 0.968 

CD27+CD38+Plasmablasts 
(No HLA A n=29, HLA A n=29) 

0.705 1.27 0.74 0.88 0.652 

Switched Mem:NS Mem 
Ratio 

(No HLA A n=29, HLA A n=29) 
0.563 1.46 0.771 1.88 0.566 

Table 4.33. Comparisons between %gated 3- month B phenotype and the 

development of de novo HLA antibodies. 

Comparisons were made using the Mann-Whitney test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table.  HLA A – HLA antibody 
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4.2.1.1.7 RENAL FUNCTION 

The mean eGFR for the alemtuzumab cohort at 3 months was 44.13ml/min/1.73m2 

(standard deviation 16.9).  To determine if the 3-month B-cell phenotype was 

associated with the 3-month renal function, a comparison was made between each 

lymphocyte subset (calculated and % gated) and the 3-month eGFR for 58 patients.  

The 3-month eGFR was weakly correlated with the calculated CD19+CD27+IgD- class 

switched memory cells (Spearman R 0.330, p=0.012).  There was a negative correlation 

between %gated transitional B-cells and 3-month eGFR (Spearman R -0.449, p<0.001), 

however, %T1, %T2 and T1:T2 ratios were not seen to be correlated with 3-month 

function.  As other factors could affect the 3-month eGFR, hierarchical multiple 

regression models were constructed to control for the 3-month tacrolimus levels, cold 

ischaemia time and delayed graft function.  The 3-month %transitional B-cells and 3-

month calculated class switched memory cells were entered into separate models as 

new predictors.  When controlled for tacrolimus levels, CIT and DGF, the 3-month 

calculated class switched memory cells remained positively associated with eGFR 

(standardized β=0.404, p=0.003, Table 4.37), however there was no significant 

association between eGFR and 3-month transitional B-cells (Table 4.36). 
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Calculated Lymphocyte Subset Spearman 
R (eGFR 
@ 3 
months) 

p value 

CD19+ B-cells (n=58) 0.245 0.066 
CD19+CD27-IgD+ Naïve (n=58) 0.236 0.077 

CD19+CD27+IgD+ Non-Switched Memory (n=58) 0.150 0.265 
CD19+CD27+IgD- Class switched Memory (n=58) 0.330 0.012 

CD19+CD24hiCD38hi Transitional B-cells (n=58) 0.077 0.571 
CD19+CD24+++CD38+++ T1 (n=58) 0.115 0.396 

CD19+CD24++CD38++ T2 (n=58) 0.087 0.521 
Table 4.34. Correlation analyses between B-cell phenotype (calculated) and renal 

function  

 

Lymphocyte Subset 
(% gated) 

Spearman 
R (eGFR @ 
3 months) 

p value 

CD19+ B-cells (n=58) 0.146 0.268 
CD19+CD27-IgD+ Naïve (n=58) -0.132 0.759 

CD19+CD27+IgD+ Non-Switched Memory (n=58) -0.050 0.709 
CD19+CD27+IgD- Class switched Memory (n=58) 0.216 0.103 

CD19+CD24hiCD38hi Transitional B-cells (n=58) -0.449 <0.001 
CD19+CD24+++CD38+++ T1 (n=58) 0.013 0.924 

CD19+CD24++CD38++ T2 (n=58) -0.032 0.811 
T1:T2 Ratio (n=57) 0.044 0.745 
S:NS Ratio (n=58) 0.186 0.165 

Table 4.35.  Correlation analyses between 3-month % gated lymphocyte subset and 

renal function. 

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table.
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 Unstandardised B (95% CI) Coefficients 
Std Error 

Standardised 
Coefficients 

Beta 

P 
value 

Step 1     
(Constant) 50.058 (31.997-68.119) 9.001  <0.001 
DGF -11.381 (-22.332- -0.431 5.457 -0.279 0.042 
CIT (hrs) 0.441 (-0.444-1.327)  0.441 0.135 0.322 
Tacrolimus  -0.876 (-2.316-0.563) 0.717 -0.161 0.227 
Step 2     
Constant 58.086 (38.525-77.647) 9.744  <0.001 
DGF -9.730 (-20.560-1.101) 5.395 -0.239 0.077 
CIT (hrs) 0.337 (-0.534-1.208) 0.751 0.103 0.441 
Tacrolimus -0.356 (-1.864-1.153) 0.751 -0.065 0.638 
%TrB -0.210 (-0.431-0.012) 0.110 -0.267 0.063 

Table 4.36  Linear model assessing 3-month %TrB as a predictor of 3-month eGFR. 

Note R2=0.119 for Step 1; ΔR2=0.058 

 

 Unstandardised B (95% 
CI) 

Coefficients 
Std Error 

Standardised 
Coefficients 

Beta 

P 
value 

Step 1     
(Constant) 50.954 (32.391-69.3518) 9.247  <0.001 
DGF -11.625 (-22.706 - -

0.545) 
5.519 -0.285 0.040 

CIT (hrs) 0.489 (-0.424 - 1.402) 0.455 0.145 0.287 
Tacrolimus  -1.017 (-2.576 - 0.542) 0.777 -0.173  0.196 
Step 2     
Constant 45.303 (27.826 - 62.779) 8.701  <0.001 
DGF -14.126 (-24.459 - -

3.793) 
5.145 -0.347 0.008 

CIT (hrs) 0.299 (-0.551-1.149) 0.423 0.089 0.483 
Tacrolimus -0.532 (-2.001-0.937) 0.731 -0.090 0.470 
Calculated 
CD19+CD27+IgD- 

7050.433 (2595-11504) 2217 0.404 0.003 

Table 4.37.  Linear model assessing 3-month calculated switched memory cells as a 

predictor of 3-month eGFR.  

Note R2=0.121 for Step 1; ΔR2=0.148 
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4.2.1.1.8 ALEMTUZUMAB 3-MONTH SUMMARY 

To summarise, as early as 3 months post transplantation, there are signals within the 

reconstituting B lymphocyte subsets that are associated with subsequent adverse 

markers of clinical outcome.  The composite outcome was first assessed.  Although this 

was not statistically significant, patients meeting the composite endpoint were more 

likely to have fewer B-cells (both calculated B lymphocytes and %gated).  These 

patients also tended to have more CD27+CD38- memory B-cells, of which non-switched 

memory B-cells were significantly higher than in those who did not meet the 

composite endpoint.  

 

Individual endpoints were then considered separately.  As recurrent proteinuria alone 

was the most common composite endpoint achieved, it was not surprising to see that 

a high %gated CD27+CD38- memory cells (>1.185%) was also associated with the 

subsequent development of recurrent proteinuria (HR 4.544, CI 1.584-13.03, 

p=0.0105), however on excluding patients with possible non-immune related causes of 

proteinuria, this difference was no longer seen.  Renal function (eGFR) was correlated 

with calculated class switched memory cells.  Patients who subsequently lost their 

allograft during the follow up period were found to have significantly reduced 

calculated B-cells, CD19+CD27-IgD+ naïve and CD19+CD24+++CD38+++ T1 transitional B-

cells compared with those that did not lose their allograft.  Receiver operating 

characteristic curves demonstrated that a low calculated CD27-IgD+ Naïve cells 

<0.0135x109/L was the best marker of subsequent graft loss. 

  

When rejection events were assessed, the B-cell count/frequency was not associated 

with adverse outcomes.  However, patients who had a rejection episode during the 

follow up period were found to have significantly elevated transitional B-cell 

frequencies compared with those that did not have rejection.  When the transitional 

subset was further analysed, patients who had rejection episodes demonstrated lower 

frequencies of T1 transitional cells and higher frequencies of T2 transitional cells, 

resulting in a lower T1:T2 ratio.  ROC analyses showed that a low T1:T2 ratio less than 
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0.215 was associated with increased risk of rejection.  Multivariate cox proportional 

hazards analysis showed that this low 3-month T1:T2<0.215 ratio was independently 

associated with subsequent allograft rejection (HR 62, 95% CI 3.31-1161, p=0.006). 
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4.2.1.2 ALEMTUZUMAB INDUCTION – 6 MONTH PHENOTYPE AS A MARKER OF 
CLINICAL OUTCOMES 

Similar analyses were performed using the 6-month samples.  When assessing each 

surrogate marker of adverse outcome individually, patients were removed from 

analysis if they had already reached that end point.  (For example, if a patient had 

evidence of allograft rejection at 4 months post-transplant, they were removed from 

the composite endpoint analysis as well as the analysis of allograft rejection at further 

time-points.  If they had not met the endpoint for other surrogate markers, they were 

still included for analysis of that marker). 

4.2.1.2.1 COMPOSITE ENDPOINT 

Four patients achieved the composite endpoint prior to their 6-month clinic visit and 

were therefore removed from this analysis.  Of the remaining 57 patients, 2 had 

insufficient B-cell events and were therefore excluded.  A total of 55 patients had their 

6-month phenotype assessed against the composite outcome, however a further two 

patients (1 CEP and CEN) had insufficient transitional B cell events for gating.  These 

were excluded from the assessment of transitional B cells, subsets and T1:T2 ratio.  

Table 4.38 and Table 4.39 compare calculated lymphocyte subsets and % gated subsets 

with whether patients met the composite endpoint (CEP – composite endpoint 

positive, CEN – composite endpoint negative).  There were no statistically significant 

differences in calculated subsets when comparing the two groups, however CEP 

patients had fewer B-cells than CEN patients.  CEP patients also had more 

CD19+CD27+CD38- memory cells, of which, there were more CD19+CD27-IgD- class 

switched memory cells (Table 4.38).  

 

When the %gated subsets were considered, CEP patients were found to have a lower 

frequency of CD24+++CD38+++ T1 cells (19.2% CEP vs 23.9% CEN, p=0.0295) and a higher 

frequency of CD24++CD38++ T2 cells (80% CEP vs 75% CEN, 0=0.018), resulting in a 

lower T1:T2 ratio which was statistically significant (0.24 vs 0.32, p=0.027).  Also of 

note, CEP patients had a higher switched:non-switched memory cell ratio at 6 months 

compared with CEN patients (1.18 CEP vs 0.746 CEN, p=0.0167), see Table 4.39. 
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Calculated lymphocyte 
subset (x109/L) 

CEN  
Median 
Value 

IQR CEP 
Median 
Value 

IQR 
p 

value 

CD19+ B-cells 
(CEN n=35, CEP n=20) 

0.0915 0.0869 0.0684 0.157 0.588 

CD19+CD27+CD38- Memory 
Cells 

(CEN n=35, CEP n=20) 
0.00157 0.00180 0.00236 0.00325 0.670 

CD19+CD27-IgD+ Naïve 
(CEN n=35, CEP n=20) 

0.0894 0.0819 0.0646 0.155 0.565 

CD19+CD27+IgD+ 
Non-Switched Memory 

(CEN n=35, CEP n=20) 
0.00125 0.00171 0.000859 0.00173 0.282 

CD19+CD27+IgD- Class 
switched Memory 

(CEN n=35, CEP n=20) 
0.000881 0.00149 0.00172 0.00223 0.207 

CD19+CD24hiCD38hi  
Transitional B-cells 

(CEN n=34, CEP n=19) 
0.0238 0.0242 0.0208 0.0607 0.911 

CD19+CD24+++CD38+++ T1 
(CEN n=34, CEP n=19) 

0.00572 0.00518 0.00581 0.00655 0.528 

CD19+CD24++CD38++ T2 
(CEN n=34, CEP n=19) 

0.0191 0.0146 0.0159 0.0482 0.926 

Table 4.38.  Comparison between 6-month calculated lymphocyte subsets and 

whether patients subsequently met the composite endpoint during follow up. 

Patients had their blood drawn at their 6-month post-transplant follow up.  B-cells 

subsets were determined using flow cytometry.  Comparisons have been made using 

the Mann Whitney test. CEN – composite endpoint negative, CEP – compositive 

endpoint positive.   
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Lymphocyte Subset 
(% Gated) 

CEN  
Median 
Value 

IQR CEP  
Median 
Value 

IQR p 
value 

CD19+ B-cells 
(CEN n=35, CEP n=20) 

22.6 18.76 14.4 14.95 0.146 

CD19+CD27+CD38- Memory 
Cells 

(CEN n=35, CEP n=20) 
1.62 1.75 1.71 2.26 0.262 

CD19+CD27-IgD+ Naïve 96.9 2.63 97.0 3.55 0.853 
CD19+CD27+IgD+ 

Non-Switched Memory 
(CEN n=35, CEP n=20) 

1.32 1.20 0.94 1.78 0.246 

CD19+CD27+IgD- Class switched 
Memory 

(CEN n=35, CEP n=20) 
1.04 1.58 1.33 1.88 0.164 

CD19+CD24hiCD38hi Transitional 
B-cells 

(CEN n=34, CEP n=19) 
27.2 17.83 34.6 15.92 0.278 

CD19+CD24+++CD38+++ T1 
(CEN n=34, CEP n=19) 

23.9 13.08 19.2 6.43 0.0295 

CD19+CD24++CD38++ T2 
(CEN n=34, CEP n=19) 

75.8 12.64 80.0 6.68 0.018 

T1:T2 Ratio 
(CEN n=34, CEP n=19) 

0.315 0.245 0.240 0.102 0.027 

Switched Mem:NS Mem Ratio 
(CEN n=35, CEP n=20) 

0.746 1.03 1.18 1.42 0.0167 

Table 4.39.  Comparison between 6-month %gated lymphocyte subsets and whether 

patients subsequently met the composite endpoint during follow up.   

Comparisons were made using the Mann Whitney test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table. CEN – composite endpoint negative, 

CEP – composite endpoint positive
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The T1, T2 cells, T1:T2 ratio and the switched:non-switched memory cell ratios were 

investigated further.  ROC curves were constructed to define an optimal cut-off for 

each variable.  A %T1 cut off <20.86 was associated with meeting the composite 

endpoint (sensitivity 63.2%, specificity 67.7%) with an area under the curve (AUC) of 

0.681, p=0.03.  A %T2>80% was associated with meeting the composite endpoint 

(sensitivity 52.7%, specificity 77%) with an AUC of 0.6966, p=0.0185.  A T1:T2 ratio 

<0.2488 was associated with meeting the composite endpoint with a sensitivity 57.9% 

and specificity 65.7, AUC=0.6842, p=0.0273 (Figure 4.18).  Finally, a high switched:non-

switched memory ratio >0.958 was associated with meeting the composite endpoint 

(AUC = 0.6977, sensitivity 63%, specificity 65%, p=0.0172, Figure 4.20).  The AUC values 

obtained from these ROC curves were less than 0.7, therefore these subsets were 

unlikely to effectively discriminate between the two groups.  Kaplan Meier curves were 

constructed for the TrB subsets (Figure 4.19).  There was initial crossover between the 

2 survival curves for each TrB subset, which subsequently separated as time 

progressed.  These differences (using the log-rank test) did not achieve statistical 

significance.  Similarly, a low S:NS ratio was associated with a reduced composite-

endpoint-free survival, however this was not statistically significant (log rank p=0.1359, 

Figure 4.20c).   
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Figure 4.18. Assessment of 6-month phenotype as a marker of outcome.   

Patients were split into two groups according to whether they met the composite 

endpoint (which included graft loss, recurrent proteinuria, >30% reduction in eGFR 

from 3-18 months, de novo DSA, biopsy proven rejection, recurrent disease). 6-

month post-transplant blood samples were obtained, and the B-cell phenotype was 

assessed by flow cytometry. The top panel shows the differences in each subset 

between the two groups.  The bottom panel contains the receiver operating 

characteristic curves comparing phenotype with outcome.  A) %gated CD24+++CD38+++ 

T1 cells, B) %CD24++CD38++ T2 cells, C) T1:T2 Ratio.  CEN – composite endpoint 

negative, CEP – composite endpoint positive
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Figure 4.19. Kaplan Meier curves comparing composite-endpoint-free survival from 6-month post-transplant in patients stratified according to 

transitional B-cell subsets. 

A) %gated CD24+++CD38+++ T1 cells, B) %gated CD24++CD38++ T2 cells, C) T1:T2 Ratio 

0 200 400
0

50

100

Time (Days) from 6 month Blood Draw

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

A) %T1

<20.86

>=20.86

log rank p=0.0515
0 200 400

0

50

100

Time (Days) from 6 month Blood Draw

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

B) %T2

>80

<=80

log rank p=0.2164
0 200 400

0

50

100

Time (Days) from 6 month Blood Draw

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l

C) T1:T2 Ratio

<0.2488

>=0.2488

log rank p=0.0662



 

 

 

 

175 

 
Figure 4.20.  Assessment of the 6-month Class Switched:Non-Switched Memory ratio 

(S:NS ratio) as a biomarker of subsequent outcome.   

Patients were divided into two groups according to whether they went on to meet 

the composite endpoint. A) Dot plots comparing the S:NS ratio between the two 

groups, with individual values, median and interquartile range shown.  B) Receiver 

operating characteristic curve C) Kaplan Meier survival estimates of composite 

endpoint free survival from the 6-month blood draw stratified according to high or 

low S:NS ratio.  CEN – composite endpoint negative, CEP – composite endpoint 

positive. 
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4.2.1.2.2 GRAFT SURVIVAL 

Graft survival was then considered as a separate endpoint.  One patient lost their graft 

prior to the 6-month timepoint.  Sixty-one patients had their blood drawn at 6 months 

post-transplant.  A further 3 patients were excluded due to insufficient B cell events.  

The remaining 57 patients were separated into two groups according to whether they 

subsequently lost their graft (GS = graft survival, n=51 GL = graft loss, n=6) over the 

follow up period.  One further patient in the GL group had insufficient transitional B 

cells for analysis, and was excluded for the purposes of TrB and TrB subset analyses, 

see 

Table 4.40 and  

Table 4.41. 

 

When considering calculated subsets, there were no statistically significant differences 

between the two groups.  However, patients who lost their graft had fewer 6-month 

T1 cells compared with those who did not lose their graft (T1 = 0.00875x109/l GL vs 

0.0190x109/l GS, p=0.058,  

Table 4.40).  There were also no statistically significant differences in %gated subsets 

between the GS and GL groups ( 

Table 4.41), however patients who subsequently lost their grafts had a lower 

proportion of T1 (18% GL vs 23% GS, p=0.07), higher T2 (81% GL vs 76% GS, p=0.054), 

lower T1:T2 ratio (0.22 GL vs 0.29 GS, p=0.074), and higher S:NS memory ratio (1.83 GL 

vs 0.856 GS, p=0.051) that approached statistical significance ( 

Table 4.41).  

 

Although the differences in the T1:T2 ratio were not statistically significant, further 

investigations were performed to determine a possible cut off value that may be 

associated with subsequent graft loss (Figure 4.21).  This was to see if the T1:T2 ratios 

associated with graft loss reduced with time post-transplant, in keeping with the 

trends noted in the previous section (The Description of The B-cell Surface phenotype 

from 3-18 months post transplant).  Using a cut off value of <0.2640, ROC curve 

analysis classified the two groups reasonably well with an AUC=0.7255, sensitivity 83% 
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and specificity 61%, p=0.0728.  When Kaplan Meier curves were constructed using the 

cut off defined by the ROC curve, patients with a low T1:T2 ratio had an increased but 

not statistically significant risk of graft loss (HR 6.362, CI 1.269-31.89, p=0.0508).   

 

Lymphocyte Subset 
(calculated, x109/L) 

Median 
Value 

GS  

IQR Median 
Value 

GL 

IQR p 
value 

CD19+ B-cells 
(GS n=51, GL n=6) 

0.0877 0.101 0.0429 0.0786 0.212 

CD19+CD27-IgD+ Naïve 
(GS n=51, GL n=6) 

0.0842 0.101 0.0394 0.0753 0.194 

CD19+CD27+IgD+ 
Non-Switched Memory 

(GS n=51, GL n=6) 
0.00107 0.00162 0.000558 0.00130 0.153 

CD19+CD27+IgD- Class 
switched Memory 
(GS n=51, GL n=6) 

0.00116 0.00132 0.00121 0.00205 0.95 

CD19+CD24hiCD38hi 
Transitional B-cells 

(GS n=51, GL n=5) 
0.0233 0.0241 0.0108 0.0242 0.111 

CD19+CD24+++CD38+++ T1 
(GS n=51, GL n=5) 

0.00590 0.00485 0.00161 0.00452 0.058 

CD19+CD24++CD38++ T2 
(GS n=51, GL n=5) 

0.0190 0.0154 0.00875 0.0202 0.145 

 

Table 4.40.  6 month B-cell phenotype (Calculated) comparisons according to 

subsequent graft survival.   

Comparisons were made using the Mann Whitney test.  IQR – interquartile range 
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Lymphocyte Subset 
(% Gated) 

Median 
Value 

GS 

IQR Median 
Value 

GL 

IQR p 
value 

CD19+ B-cells 
(GS n=51, GL n=6) 

20.9 18.97 10.7 3.18 0.115 

CD19+CD27-IgD+ Naïve 
(GS n=51, GL n=6) 

96.7 2.75 96.8 5.59 1.000 

CD19+CD27+IgD+ 
Non-Switched Memory 

(GS n=51, GL n=6) 
1.22 1.43 0.96 0.97 0.322 

CD19+CD27+IgD- Class switched 
Memory 

(GS n=51, GL n=6) 
1.19 1.52 1.39 3.10 0.524 

CD19+CD24hiCD38hi Transitional 
B-cells 

(GS n=51, GL n=5) 
28.1 19.41 27.9 15.37 0.675 

CD19+CD24+++CD38+++ T1 
(GS n=51, GL n=5) 

22.6 12.10 18.01 6.27 0.07 

CD19+CD24++CD38++ T2 
(GS n=51, GL n=5) 

76.3 12.10 81.4 6.82 0.054 

T1:T2 Ratio 
(GS n=51, GL n=5) 

0.30 0.210 0.22 0.095 0.074 

Switched Mem:NS Mem Ratio 
(GS n=51, GL n=6) 

0.856 0.955 1.83 2.11 0.051 

 

Table 4.41.  6-month B-cell phenotype (% gated) comparisons according to 

subsequent graft survival.   

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table. Comparisons 

were made using the Mann Whitney Test.
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Figure 4.21.  Assessment of 6-month T1:T2 ratio as a marker of subsequent graft loss. 

Patients were placed into two groups (Graft loss and Graft survival) and their T1:T2 

ratio was assessed.  A) Comparison (Mann Whitney test) of T1:T2 ratios between the 

two groups with individual values, median and IQR shown. B) ROC curve analysis C) 

Kaplan Meier curves comparing graft survival in patient with a high (>0.2640) and 

low (<0.2640) T1:T2 ratio 
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4.2.1.2.3 REJECTION 

Sixty-one patients had their blood drawn at 6-months post-transplant.  One patient 

had biopsy proven rejection between 3- and 6-months post-transplant and was 

excluded from this analysis.  A further 2 patients (R n=1 and NR n=1) were excluded 

from analysis due to insufficient B cell events.  The remaining 58 patients were divided 

into two groups (rejection, R, n=5 and no rejection, NR, n=53) depending on whether 

they had a rejection episode in the subsequent follow up period, and their 6-month B-

cell phenotypes were analysed. A further patient within the rejection group had 

insufficient transitional B cells and was excluded from the analysis of transitional B 

cells and their subsets (see Table 4.42 and Table 4.43). 

 

Although patients with rejection had fewer calculated B-cells compared with patient 

who did not have rejection (median 0.0496x109/L R vs 0.0846x109/L NR), this 

difference was not statistically different (p=0.297).  Patients with rejection however 

were found to have fewer calculated non-switched memory cells, and transitional cells 

(overall, T1 and T2) compared with those who did not have rejection (Table 4.42). 

Similar differences were noted in the % gated TrB and memory populations (Table 

4.43).  Firstly, looking at the transitional cells, similar %TrBs were obtained (median 

%TrB 27.73 NR, 23.2 R. p=0.294), however, as with the 3-month values, patients in the 

rejection group had lower %T1, higher %T2 and therefore a reduced T1:T2 ratio 

compared with the no-rejection group.  Within the memory compartment, the %non-

switched (CD27+IgD+) memory cells were higher in the no-rejection group compared 

with the rejection group (median %NS 1.22 NR vs 0.62 R, p=0.045), and this resulted in 

a higher switched:non-switched memory cell ratio (median 0.875 NR vs 2.66 R 

p=0.022), Table 4.43. 

 

ROCs were constructed to determine the optimum cut-off values for T1, T2, T1:T2 and 

S:NS memory cell ratios (Figure 4.22 and Figure 4.24).  The %T1, %T2 and therefore 

T1:T2 ratios were strong predictors of allograft rejection (Figure 4.22).  ROC analysis 

using a threshold T1:T2 ratio of 0.1911 was associated with a sensitivity of 75% and 

specificity of 91%, area under the curve 0.8066, p=0.0423.  When patients were 
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divided into two groups according to T1:T2 ratio, a low T1:T2 ratio <0.1911 was 

associated with a reduced 5-year rejection free survival and 38% of patients with a low 

ratio developed rejection compared with only 2% of patients with a high ratio.  

 

In addition to the T1:T2 ratio, the 6-month S:NS memory cell ratio was also a good 

predictor of allograft rejection with an area under the curve of 0.8380 on ROC analysis 

with a p=0.0251.  Using a S:NS ratio threshold of >2.134 was associated with a 

sensitivity of 75% and specificity of 82%.  Patients were then divided into those with a 

high S:NS ratio >2.134 and a low S:NS ratio ≤ 2.134 and over the following 5 years, 

23% of those with a high S:NS ratio experienced allograft rejection as opposed to 2% of 

those with a low S:NS ratio (Figure 4.24). 
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Lymphocyte Subset 
(Calculated, x109/L) 

Median 
Value 

NR 

IQR Median 
Value 

R 

IQR p 
value 

CD19+ B-cells 

(NR n=53, R n=5)  
0.0846 0.106 0.0496 0.0750 0.297 

CD19+CD27-IgD+ Naïve 

(NR n=53, R n=5) 
0.0827 0.106 0.0473 0.070 0.236 

CD19+CD27+IgD+ 

Non-Switched Memory 

(NR n=53, R n=5) 

0.00107 0.00165 0.000307 0.000642 0.024 

CD19+CD27+IgD- Class 

switched Memory 

(NR n=53, R n=5) 

0.00106 0.00149 0.00121 0.00267 0.965 

CD19+CD24hiCD38hi 

Transitional B-cells 

(NR n=53, R n=4) 

0.0233 0.0248 0.00574 0.0101 0.015 

CD19+CD24+++CD38+++ T1 

(NR n=53, R n=4) 
0.00590 0.00531 0.00107 0.00133 0.005 

CD19+CD24++CD38++ T2 

(NR n=53, R n=4) 
0.0190 0.157 0.00467 0.00883 0.023 

CD27+CD38+Plasmablasts 

(NR n=53, R n=5) 
0.000353 

0.000677 
0.00020 0.000193 0.189 

Table 4.42. Comparison of 6-month calculated lymphocyte subsets in patients with 

rejection (R) and no rejection (NR).   

Groups were compared using the Mann-Whitney U test. Median values and 

interquartile range (IQR) are included. 
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Lymphocyte Subset 
(%gated) 

Median 
Value 

No 
Rejection 

NR 
IQR 

Median 
Value 

Rejection 

R 
IQR 

p 
value 

CD19+ B-cells 
(NR n=53, R n=5) 

20.9 19.55 9.34 12.36 0.187 

CD19+CD27-IgD+ Naïve 
(NR n=53, R n=5) 

97.0 2.76 95.8 3.23 0.756 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NR n=53, R n=5) 
1.22 1.45 0.62 0.64 0.045 

CD19+CD27+IgD- Class 
switched Memory 

(NR n=53, R n=5) 
1.14 1.48 2.28 2.05 0.248 

CD19+CD24hiCD38hi 
Transitional B-cells 

(NR n=53, R n=4) 
28.73 19.38 23.2 24.5 0.294 

CD19+CD24+++CD38+++ T1 
(NR n=53, R n=4) 

22.56 10.77 14.1 10.83 0.037 

CD19+CD24++CD38++ T2 
(NR n=53, R n=4) 

77.55 10.24 85.9 10.32 0.034 

T1:T2 Ratio 
(NR n=53, R n=4) 

0.295 0.190 0.176 0.119 0.041 

CD27+CD38+Plasmablasts 
(NR n=53, R n=5) 

0.360 0.58 0.300 0.44 0.504 

Switched Mem:NS Mem 
Ratio 

(NR n=53, R n=5) 
0.875 1.03 2.66 4.96 0.022 

Table 4.43. Comparison of 6-month %gated subsets in patients with rejection and no 

rejection.   

Groups were compared using the Mann-Whitney U test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table.
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Figure 4.22. Receiver operating characteristic curve analysis using the 6-month A) 

%T1, B) %T2 and C) T1:T2 Ratio as markers of subsequent allograft rejection. 

The top panel demonstrates comparisons between the two groups (rejection and no 

rejection) using the Mann Whitney test.  Individual results, median and interquartile 

ranges are shown.  The optimal cut-off values defined by the ROC analysis are also 

shown with associated sensitivities and specificities.  The bottom panel shows the 

ROC analysis including area under the ROC for each TrB subset and ratio. 
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Figure 4.23.  Kaplan Meier Curves comparing the 5 year rejection free survival according to 6-month %T1, %T2 and T1:T2 ratio. 
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Figure 4.24. A high S:NS ratio at 6months is associated with a reduced 5-year 

rejection free survival in patients receiving alemtuzumab induction.   

Patients were divided into two groups: Rejection, R and No Rejection, NR and their 

B-cell phenotype was assessed using flow cytometry. A) Patients with rejection had a 

higher Switched Memory (CD19+CD27+IgD-):Non-switched Memory (CD19+CD27+IgD+) 

ratio (Mann Whitney test with individual values, median and IQR shown). B) 

Receiver operating characteristic curve classifying the two groups according to the 

S:NS ratio. C) Kaplan Meier estimates of rejection free survival in patients with a high 

6-month S:NS ratio and low S:NS ratio.  AUC = area under the curve 

 



 

 

 

 

187 

4.2.1.2.4 RECURRENT PROTEINURIA 

61 patients had their blood drawn at 6 months.  Between 3 and 6 months, 4 patients 

developed proteinuria, and were excluded from the following analysis.  Additionally., 

Four patients had insufficient B cells for analysis and were excluded.  Patients were 

divided into two groups according to the development of proteinuria during the follow 

up period (recurrent proteinuria n=13, no recurrent proteinuria n=40).  Comparisons 

using the Mann Whitney test did not yield statistically significant differences in the 

calculated B-cells and B-cell subsets.  However, when %gated frequencies were 

reviewed, patients who developed proteinuria had fewer transitional B-cells compared 

with those who did not develop proteinuria (not statistically significant).  The make-up 

of the transitional subsets was however significantly different, and patients who 

developed recurrent proteinuria were found to have a reduced T1:T2 ratio compared 

with those that did not develop recurrent proteinuria (T1:T2 ratio 0.231 recurrent 

proteinuria vs 0.315 no proteinuria, p=0.011, Table 4.44).   
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Lymphocyte Subset 

(%gated) 

Median 
Value 

No 
Proteinuria 

NP 
IQR 

Median Value 
Recurrent 

Proteinuria 

RP 
IQR 

p 
value 

CD19+ B-cells  
(NP n=40, RP n=13) 

21.73 20.0 20.65 18.81 0.865 

CD19+CD27+CD38- Memory 
(NP n=40, RP n=13) 

1.72 1.91 1.71 2.07 0.535 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=13) 

96.44 2.76 97.07 3.17 0.852 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=13) 
1.24 1.34 0.72 1.25 0.160 

CD19+CD27+IgD- Class 
switched Memory 
(NP n=40, RP n=13) 

1.12 1.40 1.33 1.98 0.642 

CD19+CD24hiCD38hi 
Transitional B-cells 
(NP n=40, RP n=13) 

28.4 20.48 24.7 29.68 0.861 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=12) 

23.9 13.74 18.6 5.15 0.010 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=12) 

75.8 13.29 80.6 5.63 0.009 

T1:T2 Ratio 
(NP n=40, RP n=12) 

0.315 0.255 0.231 0.078 0.011 

CD27+CD38+Plasmablasts 
(NP n=40, RP n=13) 

0.390 0.61 0.27 0.36 0.204 

Switched Mem:NS Mem 
Ratio 

(NP n=40, RP n=13) 
0.823 0.93 1.50 2.55 0.193 

Table 4.44. Comparison of 6-month %gated subsets in patients with recurrent 

proteinuria (RP) with no proteinuria (NP).   

Groups were compared using the Mann-Whitney test.  T1:T2 and S:NS ratios were 

calculated for each individual patient.  The median values and interquartile range 

(IQR) for each group are included in the table.
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Figure 4.25. Receiver operating characteristic curve analysis using the 6-month A) %T1, B) %T2 and C) T1:T2 Ratio as markers of developing 

recurrent proteinuria (RP). 

The top panel demonstrates comparisons between the two groups (RP and no proteinuria) using the Mann Whitney test.  Individual results, 

median and interquartile ranges are shown.  The optimal cut-off values defined by the ROC analysis are also shown with associated sensitivities 

and specificities.  The bottom panel shows the ROC analysis including area under the ROC for each TrB subset and T1:T2 ratio.
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Figure 4.26. Kaplan Meier curves estimating the recurrent proteinuria (RP) – free 

survival after the 6-month blood draw  

%T1 cut-off 20.88%, B) %T2 cut-off 78.54% and C) T1:T2 ratio 0.2602 
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ROC curves were constructed to determine the optimum cut off values for %T1 (%T1 

<20.88, sensitivity 85%, specificity 68%, AUC=0.7385, p=0.0104), %T2 (%T2>78.54, 

sensitivity 85%, specificity 68%, AUC 0.7442, p=0.008) and the T1:T2 ratio 

(Ratio<0.2662 sensitivity 85%, specificity 68%, AUC=0.7385, p=0.0104), see Figure 4.25.  

When Kaplan Meier curves were constructed, a low 6-month T1:T2 ratio<0.2662 was 

associated with a reduced proteinuria-free survival with a log rank hazard ratio of 

8.567, p=0.0007, CI 2.245-21.02 (Figure 4.26).  The analysis was repeated with patients 

excluded if they were thought to have developed proteinuria secondary to a non-

immune mediated cause (Table 4.45).  As with previous calculations, patients with a 

lower T1:T2 ratio were at risk of developing recurrent proteinuria (Ratio 0.231 RP vs 

0.309 No Proteinuria, p=0.032).  Additionally, although it was not statistically 

significant, there was a trend towards an increased switched:non-switched memory 

ratio (1.85 recurrent proteinuria, 0.823 no proteinuria, p=0.056). 
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Lymphocyte Subset 
(%gated) 

Median 
Value 

No 
Proteinuria 

IQR Median 
Value 

Recurrent 
Proteinuria 

IQR p 
value 

CD19+ B-cells 
(NP n=40, RP n=9) 

22.3 18.49 11.7 13.89 0.193 

CD19+CD27+CD38- Memory 
(NP n=40, RP n=9) 

1.62 1.73 1.71 2.47 0.781 

CD19+CD27-IgD+ Naïve 
(NP n=40, RP n=9) 

96.9 2.77 97.1 3.51 0.103 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=40, RP n=9) 
1.24 1.19 0.700 0.77 0.030 

CD19+CD27+IgD- Class 
switched Memory 
(NP n=40, RP n=9) 

1.07 1.41 1.33 2.31 0.511 

CD19+CD24hiCD38hi 
Transitional B-cells 

(NP n=40, RP n=8) 
28.4 20.50 24.7 24.54 0.606 

CD19+CD24+++CD38+++ T1 
(NP n=40, RP n=8) 

23.6 13.65 18.6 5.75 0.032 

CD19+CD24++CD38++ T2 
(NP n=40, RP n=8) 

76.1 13.59 80.6 6.45 0.030 

T1:T2 Ratio 
(NP n=40, RP n=8) 

0.309 0.255 0.231 0.0738 0.032 

CD27+CD38+Plasmablasts 
(NP n=40, RP n=9) 

0.390 0.57 0.270 0.40 0.185 

Switched Mem:NS Mem 
Ratio 

(NP n=40, RP n=9) 
0.823 0.94 1.85 2.53 0.056 

Table 4.45. Redo Calculation: Comparison of 6-month %gated subsets in patients 

with recurrent proteinuria and without recurrent proteinuria.   

(Patients with non-immune mediated causes of proteinuria removed from analysis).  

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table.   Groups were 

compared using the Mann-Whitney test. 
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4.2.1.2.5 DE NOVO DSA 

Sixty one patients had their blood drawn at 6 months post transplant.  Four patients 

developed DSAs between 3 and 6 months post transplant therefore were excluded 

form subsequent analysis.  Furthermore, there were insufficient B cell events in 4 

patients who were also excluded.  The remaining 53 patients were divided into two 

groups according to the development of de novo DSAs.  Six out of 53 patients 

developed de novo DSA after their 6-month blood draw.  No statistically significant 

differences were noted in the B-cell phenotypes (calculated and %gated) between the 

two patient groups. 

 

4.2.1.2.6 DISEASE RECURRENCE 

Four of 61 patients were excluded from analysis due to insufficient B cell events.  

Patients were divided into two groups according to disease recurrence (recurrence 

n=3, no recurrence n=57) after 6 months.  No statistically significant differences were 

noted when B-cell phenotypes (calculated and %gated) were compared between the 

two groups. 

 

4.2.1.2.7 RENAL FUNCTION 

To assess renal function, only patients who had not met the composite endpoint were 

considered (n=55).  Correlation analyses were performed between 6-month eGFR and 

B-cell subsets (see  Table 4.46 and Table 4.47) and statistically significant correlations 

were noted between eGFR and calculated CD19+  B-cells, non-switched memory, 

switched memory and naïve cells.  A negative correlation was also noted between 

eGFR and %transitional B-cells (spearman R = -0.292, p=0.032).  
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Calculated Lymphocyte Subset Spearman R (eGFR @ 6 
months) 

p 
value 

CD19+ B-cells 0.296 0.030 
CD19+CD27-IgD+ Naïve 0.323 0.017 

CD19+CD27+IgD+ 
Non-Switched Memory 

0.294 0.031 

CD19+CD27+IgD- Class switched 
Memory 

0.324 0.017 

CD19+CD24hiCD38hi Transitional 
B-cells 

0.150 0.278 

CD19+CD24+++CD38+++ T1 0.085 0.542 
CD19+CD24++CD38++ T2 0.190 0.169 

Table 4.46. Correlation analyses between B-cell phenotype 

(calculated) and renal function (6-month eGFR) 

 

 

 

 

 

 

Lymphocyte Subset 
(% gated) 

Spearman R (eGFR @ 6 
months) 

p 
value 

CD19+ B-cells 0.119 0.392 
CD19+CD27-IgD+ Naïve 0.150 0.279 

CD19+CD27+IgD+ 
Non-Switched Memory 

0.097 0.457 

CD19+CD27+IgD- Class switched 
Memory 

0.103 0.457 

CD19+CD24hiCD38hi Transitional 
B-cells 

-0.292 0.032 

CD19+CD24+++CD38+++ T1 -0.032 0.816 
CD19+CD24++CD38++ T2 0.036 0.794 

T1:T2 Ratio -0.034 0.806 
S:NS Ratio 0.112 0.420 

Table 4.47.  Correlation analyses between 6-month % gated 

lymphocyte subset and renal function (6- month eGFR).   

T1:T2 and S:NS ratios were calculated for each individual patient.  

The median values and interquartile range (IQR) for each group are 

included in the table.
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Hierarchical multiple regression controlling for previous (3-month eGFR) and 6-month 

tacrolimus levels was then performed.  As collinearity existed between calculated 

CD19+ B-cells and the calculated subsets, the final model included CD19+ B-cells alone 

and there was no statistically significant association between calculated CD19+ B-cells 

and 6-month eGFR (see Table 4.48). 

 

 Unstandardised B (95% CI) Coefficients 
Std Error 

Standardised 
Coefficients 

Beta 

P 
value 

Step 1     
(Constant) 13.327 (4.716-21.938) 4.287  0.003 
Previous 
eGFR 

0.837 (0.695-0.978) 0.070 0.878 <0.001 

Tacrolimus  -0.460 (-1.406-0.486) 0.471 -0.072 0.334 
Step 2     
Constant 11.000 (2.275-19.724) 4.341  0.015 
Previous 
eGFR 

0.786 (0.639-0.933) 0.073 0.825 <0.001 

Tacrolimus -0.238 (-1.187-0.712) 0.472 -0.037 0.617 
Calculated 
CD19+B-cells 

26.65 (-0.919-54.2) 13.7 0.146 0.058 

Table 4.48.  Linear model assessing 6-month calculated CD19+ B-cells as a predictor of 

6-month eGFR.  Note R2=0.744 for Step 1; ΔR2=0.018 

 

Similarly, a hierarchical multiple regression model controlling for previous eGFR and 6-

month tacrolimus levels was constructed with %TrBs as the new predictor variable, 

and %TrBs were not found to be predictors of 6-month renal function (Table 4.49) 
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 Unstandardised B (95% CI) Coefficients 
Std Error 

Standardised 
Coefficients Beta 

P 
value 

Step 1     
Constant 13.327 (4.716-21.938) 4.287  0.003 
Previous 
eGFR 

0.837 (0.695-0.978) 0.070 0.878 <0.001 

Tacrolimus  -0.460 (-1.406-0.486) 0.471 -0.072 0.334 
Step 2     
Constant 11.728 (1.640-21.815) 5.020  0.024 
Previous 
eGFR 

0.853 (0.701-1.0006) 0.076 0.895 <0.001 

Tacrolimus -.0521 (-1.494-0.451) 0.484 -0.082 0.287 
%TrB 0.043 (-0.095-1.81) 0.069 0.048 0.536 

Table 4.49.  Linear model assessing 6-month %TrB as a predictors of 6-month eGFR. 

Note R2 = 0.744 for Step 1; ΔR2 = 0.002  

 

4.2.1.2.8 ALEMTUZUMAB – 6 MONTH SUMMARY 

As with the 3-month B-cell phenotype, differences were noted in the 6-month 

phenotype that were associated with inferior graft outcomes.   

 

Composite Endpoint: 

A high 3-month %memory cell population was associated with an increased risk of 

meeting the composite endpoint.  The 6-month %memory cell population was also 

raised in those who met the composite endpoint, but this was not statistically 

significant.  It was interesting to note that a high switched:non-switched memory cell 

ratio indicating a more differentiated B-cell population at 6 months was associated 

with meeting the composite endpoint (Mann Whitney test).  However, the ROC curve 

analysis demonstrated a marginal discrimination between the two groups, and 

differences in survival curves did not achieve statistical significance.  Similarly, when 

the individual values were compared between the two groups using the Mann 

Whitney test, a low 6-month %T1, high T2, and a low calculated T1:T2 ratio (<0.2488) 

was significantly associated with patients subsequently meeting the composite 

endpoint, however the discrimination between the two groups using ROC curve 

analyses was marginal.   
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Graft Survival: 

A 3-month phenotype which included low calculated B-cells, naïve cells and T1 cells 

was associated with graft loss.  There were no statistically significant differences in the 

corresponding 6- month values between the GS and GL groups.  However, a trend 

towards a higher 6-month switched:non-switched memory cell ratio and lower T1:T2 

ratio was noted in patients (<0.2640) who subsequently lost their graft. 

 

Rejection Free Survival: 

There were statistically significant differences between the rejection and no rejection 

groups when the TrB populations were assessed.  Patients in the rejection group had 

fewer overall TrBs, as well as fewer T1 and T2 cells.  When the %gated frequencies 

were assessed, patients in the rejection group had lower %T1 and higher %T2 cells, 

and therefore a lower T1:T2 ratio, similar to the results noted at 3 months.  ROC curve 

analyses showed excellent discrimination the rejection and no-rejection groups, with 

AUC values >0.8 for %T1, %T2 and the T1:T2 ratio.  Interestingly, reflective of the 

gradual decrease in transitional B-cells and the T1:T2 ratio over time following 

alemtuzumab induction (as noted in 4.1.1.3.2 page 109), the threshold determined by 

the ROC curve to classify patients at risk of rejection was lower (<0.19) at 6 months 

than that determined by the 3-month ROC curve (<0.215).  Kaplan Meier survival 

estimates demonstrated that patients with a T1:T2 ratio <0.19 had a reduced 5-year 

rejection free survival, with a hazard ratio of 17.09 (CI 1.093-267.3, p=0.0007 log rank).  

Finally, although this was not noted at 3 months, a high 6-month switched to non-

switched memory cell ratio >2.134 was significantly associated with a reduced 5-year 

rejection free survival (Hazard ratio 9.114, CI 0.942-88.25, p=0.0197).  

 

Recurrent Proteinuria: 

Patients who developed recurrent proteinuria were found to have fewer (although 

non-significant) transitional B-cells compared with patients who did not develop 

proteinuria.  However significant differences were noted in the transitional subsets. 

Patients with a low 6-month %T1, high %T2 and therefore a low T1:T2 ratio (<0.2662) 
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were at risk of reduced proteinuria-free survival (hazard ratio 8.567, CI 2.245-21.02, 

p=0.007).  These differences remained statistically significant even when patients with 

non-immune mediated causes of proteinuria were removed from analysis. 

 

Renal function: 

Although there was correlation between 3-month calculated class switched memory 

cells and renal function, when 6-month samples were assessed, and previous renal 

function and current tacrolimus levels were corrected for, there was no statistically 

significant association between the subsets and eGFR.  
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4.2.1.3 ALEMTUZUMAB 12-MONTH PHENOTYPE 

4.2.1.3.1 COMPOSITE ENDPOINT 

Five patients met the composite endpoint prior to their 12-month visit.  One patient 

transferred away from Leeds.  The 12-month sampling was missed in a further 10 

patients, therefore 41 patients had their 12-month phenotypes assessed.  There were 

no significant differences in the calculated or %gated B-cell phenotypes between the 2 

groups (CEP n = 13, CEN n = 28).  

 

4.2.1.3.2 GRAFT SURVIVAL 

One patient lost their graft between the 6 and 12 month timepoints (mixed TCMR and 

ABMR on final biopsy).  As with previous timepoints, the remaining patients were 

separated into two groups (GL – Graft Loss, and GS – Graft Survival) and had their 12-

month B-cell phenotypes assessed using flow cytometry.  The different B-cell subsets 

were then compared.  The calculated CD19+ B-cells were similar between the two 

groups (median B-cells 0.0892x109/l GS vs 0.0848x109/l GL, p=0.859), and no 

statistically significant differences were demonstrated between the two groups when 

calculated subsets were analysed.  
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Lymphocyte Subset 
(%gated) 

Median 
Value 

GS 

IQR Median 
Value 

GL 

IQR p 
value 

CD19+ B-cells 
(GS n=40, GL n=6) 

15.6 14.5 16.87 17.6 0.917 

CD19+CD27-IgD+ Naïve 
(GS n=40, GL n=6) 

95.1 3.17 95.0 10.3 0.988 

CD19+CD27+IgD+ 
Non-Switched Memory 

(GS n=40, GL n=6) 
1.27 1.13 1.01 0.94 0.351 

CD19+CD27+IgD- Class switched 
Memory 

(GS n=40, GL n=6) 
2.10 2.05 2.52 4.71 0.796 

CD19+CD24hiCD38hi Transitional 
B-cells 

(GS n=40, GL n=6) 
16.8 10.1 15.7 8.29 0.773 

CD19+CD24+++CD38+++ T1 
(GS n=40, GL n=6) 

19.0 11.0 11.5 2.18 0.021 

CD19+CD24++CD38++ T2 
(GS n=40, GL n=6) 

79.5 11.1 88.3 2.45 0.011 

T1:T2 Ratio 
(GS n=40, GL n=6) 

0.237 0.168 0.130 0.028 0.012 

CD27+CD38+Plasmablasts 
(GS n=40, GL n=6) 

0.360 0.28 0.505 0.80 0.939 

Switched Mem:NS Mem Ratio 
(GS n=40, GL n=6) 

1.81 1.59 2.03 2.61 0.573 

Table 4.50. Mann Whitney Test comparing 12-month B-cell phenotype (%gated) with 

allograft loss.  

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table.  GS – graft 

survival, GL – graft loss   
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The TrB subsets were further investigated using ROC curve analysis (Figure 4.27).  The 

12-month T1:T2 ratio offered the best discrimination using a cut-off value of 0.1424 

(AUC 0.8130, sensitivity 100%, specificity 78%, p=0.0141).  Kaplan Meier curves were 

constructed, and patients with a low 12-month T1:T2 ratio <0.1424 had a reduced 

graft survival over the subsequent 5 years (p=0.0003, log rank), Figure 4.28.  Patients 

with graft loss were then divided into two groups according to evidence of rejection on 

their biopsies.  Although the differences were not statistically significant, patients with 

rejection had a lower median T1:T2 ratio compared with those who had no rejection 

(median T1:T2 = 0.1093 rejection, 0.1310 no rejection, p=0.7000).        
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Figure 4.27. Receiver operating characteristic curve analysis using the 12-month A) %T1, B) %T2 and C) T1:T2 Ratio as biomarkers of allograft loss. 

The top panel demonstrates comparisons between the two groups (Graft Survival and Graft Loss) using the Mann Whitney test.  Individual 

results, median and interquartile ranges are shown.  The optimal cut-off values defined by the ROC analysis are also shown with associated 

sensitivities and specificities.  The bottom panel shows the ROC analysis including area under the ROC for each TrB subset and ratio. 
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Figure 4.28.  Kaplan Meier Curves comparing the 5-year graft survival according to the 12-month A) %T1 cells, B) %T2 cells, and C) T1:T2 ratio 
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4.2.1.3.3 REJECTION 

Two patients had evidence of rejection on a for cause biopsy that was performed 

between 6- and 12- months post-transplant.  These patients were removed from 

analysis.  The remaining patients were divided into two groups (Rejection, and No 

Rejection, NR) and their 12-month B-cell phenotypes were assessed using flow 

cytometry.  The calculated CD19+ B-cells were similar between the two groups (median 

value 0.0749x109/L NR vs 0.1109x109/L R, p=0.754).  Similarly, there were no 

statistically significant differences between the two groups when calculated values 

were assessed.  When the %gated subsets were assessed, there was a trend towards 

increased %T2 cells and decreased T1:T2 ratio in R compared with NR groups (Table 

4.51).  
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Lymphocyte Subset 
(%gated) 

Median 
Value 

NR 

IQR Median 
Value 

R 

IQR p 
value 

CD19+ B-cells 
(NR n=42, R n=2) 

15.3 14.3 23.0 - 0.301 

CD19+CD27-IgD+ Naïve 
(NR n=42, R n=2) 

94.9 3.63 96.7 - 0.222 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NR n=42, R n=2) 
1.20 1.12 0.76 - 0.164 

CD19+CD27+IgD- Class switched 
Memory 

(NR n=42, R n=2) 
2.24 2.23 1.37 - 0.315 

CD19+CD24hiCD38hi Transitional 
B-cells 

(NR n=42, R n=2) 
15.8 10.40 20.3 - 0.485 

CD19+CD24+++CD38+++ T1 
(NR n=42, R n=2) 

18.5 11.13 9.21 - 0.113 

CD19+CD24++CD38++ T2 
(NR n=42, R n=2) 

80.8 12.0 90.0 - 0.085 

T1:T2 Ratio 
(NR n=42, R n=2) 

0.228 0.168 0.102 - 0.076 

CD27+CD38+Plasmablasts 
(NR n=42, R n=2) 

0.370 0.43 0.190 - 0.202 

Switched Mem:NS Mem Ratio 
(NR n=42, R n=2) 

2.03 2.02 1.78 - 0.808 

Table 4.51. Mann Whitney test comparing 12-month %gated B subsets with 

rejection. 

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table. 

 

Although the differences in the T1:T2 ratio were not statistically significant, further 

investigations were performed to determine a possible cut off value that may be 

associated with subsequent rejection.  This was to see if the T1:T2 ratios associated 

with rejection reduced with time post-transplant, in keeping with the trends noted in 
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the previous section (The Description of The B-cell Surface phenotype from 3-18 

months post transplant).   

 

Further analysis was performed on the T1:T2 ratio (Figure 4.29).  Although the 

differences were not statistically significant, ROC curve analysis classified the two 

groups using a cut-off value of T1:T2<0.1162 with an AUC=0.8810 (sensitivity 100%, 

specificity 83%, p=0.0714).  When the Kaplan Meier curves were constructed using this 

cut off value, patients with a low T1:T2<0.1162 displayed a statistically higher 

incidence of rejection in the subsequent 5 years (p=0.0024, log rank, Figure 4.29c) 
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Figure 4.29.  Assessing the 12-month T1:T2 ratio as a biomarker for rejection. 

Patients were divided into two groups according to rejection (R) and no rejection 

(NR) and their 12-month T1:T2 ratios were assessed.  A) Dot plot showing the T1:T2 

ratios obtained from the two groups (individual values, median and IQR shown), B) 

ROC curve analysis, C) Kaplan Meier curves estimating rejection free survival from 

the 12-month blood draw based on high and low T1:T2 ratios defined by the ROC 

curve. 

  

Reje
cti

on

No R
eje

cti
on 

0.0

0.2

0.4

0.6

T1
:T

2 
R

at
io

A) T1:T2 Ratio and BPR

p = 0.0761

Cut-off defined by 
ROC curve = 

0.1162
sens=100%
spec=83%

0 20 40 60 80 100
0

20

40

60

80

100

B) ROC of Ratio BPR

100% - Specificity%

Se
ns

iti
vi

ty
%

AUC=0.08810
p=0.0714

0 500 1000 1500 2000
0

50

100

C) T1:T2 and Rejection Free survival

Time

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l <0.1162

>=0.1162

p=0.0024 log rank



 

 

 

 

208 

4.2.1.3.4 DISEASE RECURRENCE 

Patients were divided into two groups depending on the development of recurrent 

disease in the subsequent follow up period (no disease recurrence n=46, disease 

recurrence n=1).  There were no differences in the B-cell phenotype (%gated and 

calculated) when the two groups were compared. 

 

4.2.1.3.5 DEVELOPMENT OF DE NOVO DSAS 

Patients were divided into two groups depending on the development of DSAs during 

subsequent follow up (DSA n=3, no DSA n=29).  There were no differences in the B-cell 

phenotype (%gated and calculated) when the two groups were compared. 

 

4.2.1.3.6 RECURRENT PROTEINURIA 

Patients were divided into two groups depending on the development of recurrent 

proteinuria which was defined as UPCR>50 on two or more occasions (recurrent 

proteinuria n=9, no proteinuria n=33).  There were no differences in the B-cell 

phenotype (%gated and calculated) when the two groups were compared.  Similarly, 

when patients with non-immune mediated proteinuria were excluded, there were no 

differences in the B-cell phenotype (%gated and calculated) when the two groups were 

compared. 

 

4.2.1.3.7 RENAL FUNCTION 

Correlation analyses were performed between each individual B-cell subset and 12-

month eGFR.  No statistically significant correlations were noted. 

 

4.2.1.3.8 ALEMTUZUMAB 12- MONTH SUMMARY 

Acknowledging that overall, fewer samples were included at the 12-month assessment 

compared with other time points, some differences were still noted in the B-cell 

phenotype with respect to graft survival and rejection free survival.   
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Graft survival: 

A low T1:T2 ratio <0.1424 was an excellent marker of subsequent graft loss (AUC 

0.8130, sensitivity 100%, specificity 78%, p=0.0141) on univariate analysis.  When the 

T1:T2 ratio was compared at all timepoints, patients who lost their graft during the 

follow up period had a reduced median T1:T2 ratio compared with those who did not 

lose their graft (Figure 4.31a).  When the patients with graft loss were scrutinised 

further, considering evidence of rejection in for cause biopsies prior to graft loss, it was 

interesting to note that the median T1:T2 ratio was reduced in patients with rejection 

compared to patients with no rejection (Figure 4.30). 

 

 

Figure 4.30. T1:T2 ratio obtained from Graft Loss patients stratified according to 

evidence of rejection on biopsy  

 

Rejection free survival: 

As with the phenotype observed at 3 and 6 months, patients with a low T1:T2 ratio 

displayed a statistically higher incidence of rejection when compared with patients 

who had a high T1:T2 ratio (Figure 4.29c). When compared at all timepoints, the 

median T1:T2 ratio was reduced in patients who developed rejection (Figure 4.31b).  
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Figure 4.31.  Summary of T1:T2 ratios in A) patients stratified according to graft 

survival and B) Patients stratified according to rejection.   

Plots show the median and interquartile range for each time point.  
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4.2.1.4 BASILIXIMAB INDUCTION – 3MONTHS POST TRANSPLANT 

4.2.1.4.1 COMPOSITE ENDPOINT 

Twenty-one patients received Basiliximab induction and were followed up for a 

median period of 1744 days.  During this follow up period, 7 patients met the 

composite endpoint.  A summary of the composite endpoints can be seen in Table 

4.52.  The patient demographics are visible in Table 4.53.  As seen with the 

alemtuzumab induction patients, proteinuria alone and de novo DSA alone were the 

two commonest endpoints seen in this cohort.   

 

Number of 
patients 

Proteinuria De 
novo 
DSA 

Disease 
recurrence 

Biopsy 
Proven 
Rejection 

>30% reduction 
in eGFR from 3-
18 months 

Graft 
Loss 

2 ü û û û û û 
3 û ü û û û û 

1 ü ü û ü û û 

1 ü û û û ü ü 

7 4 4 0 1 1 1 
Table 4.52. Table demonstrating the different endpoints noted in the Basiliximab 

cohort 

 

It was interesting to note that in contrast to patients in the alemtuzumab group, a high 

3 month %B-cell was associated with meeting the composite endpoint (CD19+ 7.64% 

CEP vs 4.29% CEN, p=0.01, Figure 4.32a and 

Table 4.55).  This was also reflected in the calculated B-cell count, although this did not 

reach statistical significance (calculated B-cell 0.0853x109/l CEP vs 0.0547x109/l CEN, 

0=0.172, Table 4.54).  When individual calculated B-cell subsets were reviewed, it was 

noted that patients with a high calculated 3-month TrB count were more likely to 

achieve the composite endpoint compared with patients who had a low 3-month TrB 

count (calculated TrB 0.00572x109/l CEP vs 0.00374x109/l CEN, p=0.012).  There were 

no statistically significant differences in the calculated T1 or T2 subsets, or T1:T2 ratio. 

ROC curve analysis of 3-month % B-cells defined the optimal cut off between the two 

groups as %B>6.395, which was associated with a sensitivity of 71% and specificity 
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79%, and AUC 0.8469, p=0.0112 (Figure 4.32b).  When Kaplan Meier curves were 

constructed using this cut off point, there was early separation between the curves, 

which then crossed around 500 days after the 3-month blood draw (Figure 4.32c).  This 

was reflected in the results of the curve comparisons; there was a trend towards 

statistical significance when the Gehan-Breslow-Wilcoxon test, which adds weight to 

early events, was applied (p=0.0551).   
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Variable TOTAL CEN CEP p-value 

Number 21 14 7  

Age (𝒙	years, SD) 46 (16) 48 (14) 42 (19) 0.474 

Gender    1.0001 

M 16 (76%) 11 (79%) 5 (71%)  

F 5 (24%) 3 (21%) 2 (29%)  

Primary Renal Disease    0.833 

DM/HTN 5 (24%) 4 (29%) 1 (14%)  

GN 8 (38%) 5 (36%) 3 (43%)  

Inherited 4 (19%) 2 (14%) 2 (29%)  

Infection/Obstruction 3 (14%) 2 (14%) 1 (14%)  

Other 1 (5%) 1 (7%) 0  

Preemptive Transplant?    0.5741 

Yes 4 (19%) 2 (14%) 2 (29%)  

No 17 (81%) 12 (86%) 5 (71%)  

Donor Type    0.523 

DBD 11 (52%) 7 (50%) 4 (57%)  

DCD 6 (29%) 5 (36%) 1 (14%)  

LD 4 (19%) 2 (14%) 2 (29%)  

NHSBT HLA Mismatch Level    0.522 

1  6 (29%) 5 (36%) 1 (14%)  

2  3 (14%) 1 (7%) 2 (29%)  

3  9 (43%) 6 (43%) 3 (43%)  

4  3 (14%) 2 (14%) 1 (14%)  

Graft number    0.392 

1 16 (76%)  10 (71%) 6 (86%)  
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Variable TOTAL CEN CEP p-value 

2 2 (10%) 1 (7%) 1 (14%)  

3 3 (14%) 3 (21%) 0  

Median CIT (hrs, IQR) 13 (4) 13.4 (6) 13 (7) 0.898 

DGF    1.0001 

Yes 1 (5%) 1 (7%) 0  

No 20 (96%) 13 (93%) 7 (100%)  

CNI variability 0-3 months  
(𝒙, SD) 

30 (15) 29 (18) 31 (10) 0.711 

CNI variability 3-18 months  
(𝒙, SD) 

24 (8) 23 (8) 25 (7) 0.686 

Table 4.53. Basiliximab patient demographics stratified according to whether the 

composite endpoints were met during follow up.  
1Fishers exact test. IQR – interquartile range, SD – standard deviation, 𝒙F – mean 
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Lymphocyte Subset 
(Calculated, x109/L) 

Median 
Value 
CEN  

IQR Median 
Value 
CEP 

IQR p 
value 

CD19+ B-cells 
(CEN n=14, CEP n=7) 

0.0547 0.0467 0.0853 0.137 0.172 

CD19+CD27-IgD+ Naïve 
(CEN n=14, CEP n=7) 

0.0424 0.0255 0.0599 0.113 0.197 

CD19+CD27+IgD+ 
Non-Switched Memory 

(CEN n=14, CEP n=7) 
0.00321 0.00840 0.0130 0.0178 0.535 

CD19+CD27+IgD- Class 
switched Memory 

(CEN n=14, CEP n=7) 
0.00467 0.00464 0.00928 0.00933 0.322 

CD19+CD24hiCD38hi 
Transitional B-cells 

(CEN n=14, CEP n=7) 
0.00374 0.00417 0.00525 0.00589 0.012 

CD19+CD24+++CD38+++ T1 
(CEN n=14, CEP n=7) 

0.0005 0.0012 0.0012 0.0049 0.094 

CD19+CD24++CD38++ T2 
(CEN n=14, CEP n=7) 

0.0033 0.0029 0.0046 0.0011 0.056 

Table 4.54. Comparison of 3-month calculated B-lymphocyte subsets between CEN 

and CEP patients.   

Comparisons were made using the Mann Whitney Test.  CEN – composite endpoint 

negative, CEP – composite endpoint positive, IQR – interquartile range 
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Lymphocyte Subset 
(%gated) 

Median 
Value CEN  

IQR Median 
Value 
CEP  

IQR p 
value 

CD19+ B-cells 
(CEN n=14, CEP n=7) 

4.29 3.61 7.64 2.64 0.01 

CD19+CD27-IgD+ Naïve 
(CEN n=14, CEP n=7) 

73.0 27.83 81.4 22.51 0.743 

CD19+CD27+IgD+ 
Non-Switched Memory 

(CEN n=14, CEP n=7) 
9.13 15.06 10.3 12.82 0.971 

CD19+CD27+IgD- Class switched 
Memory 

(CEN n=14, CEP n=7) 
9.70 11.95 6.7 9.59 0.743 

CD19+CD24hiCD38hi Transitional 
B-cells 

(CEN n=14, CEP n=7) 
7.3 9.78 6.35 28.91 0.799 

CD19+CD24+++CD38+++ T1 
(CEN n=14, CEP n=7) 

14.7 14.6 22.5 47.23 0.255 

CD19+CD24++CD38++ T2 
(CEN n=14, CEP n=7) 

85.0 22.8 76.6 76.6 0.287 

T1:T2 Ratio 
(CEN n=14, CEP n=7) 

0.173 0.361 0.293 1.29 0.233 

CD27+CD38+Plasmablasts 
(CEN n=14, CEP n=7) 

0.14 0.21 0.15 0.09 0.535 

Switched Mem:NS Mem Ratio 
(CEN n=14, CEP n=7) 

0.600 1.95 0.774 0.740 0.913 

 

Table 4.55. Comparison of 3-month %gated B-lymphocyte subsets between CEN and 

CEP patients.   

T1:T2 and S:NS ratios were calculated for each individual patient.  The median values 

and interquartile range (IQR) for each group are included in the table. Comparisons 

were made using the Mann Whitney Test. CEN – composite endpoint negative, CEP – 

compositive endpoint positive 
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Figure 4.32. Assessment of 3-month %Gated CD19+ B-cells as a biomarker of clinical 

outcome.   

Patients were divided into 2 groups according to whether they met or did not meet 

the composite endpoint.  This included graft loss, recurrent proteinuria, >30% 

reduction in eGFR from 3-18 months, de novo DSA, biopsy proven rejection, 

recurrent disease.  A) Dot plots comparing the %gated B-cells between the two 

groups.  Individual values, median and interquartile ranges are shown.  B) ROC curve 

constructed from the 3-month %gated CD19+ B-cells. C) Kaplan Meier estimates of 

composite-endpoint-free survival in patients stratified according to high and low %B-

cells. CEN – composite endpoint negative, CEP – composite endpoint positive 
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The differences in calculated 3-month TrBs were investigated further.  ROC curve 

analyses defined the optimum cut off value to differentiate the two groups as 

0.004573x109/l, with a sensitivity of 100%, specificity 71% and AUC 0.8367, p=0.0138 

(Figure 4.33a and Figure 4.33b).  When Kaplan Meier estimates were constructed 

(Figure 4.33c), patients with high calculated TrBs>0.004573x109/l were associated with 

a reduced composite-endpoint-free survival (log rank 0.0348). 
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Figure 4.33 Assessment of 3-month calculated CD19+CD24+CD38+ transitional B-cells 

(TrBs) as a biomarker of clinical outcome.   

Patients were divided into 2 groups according to whether they met or did not meet 

the composite endpoint (including graft loss, recurrent proteinuria, >30% reduction 

in eGFR from 3-18 months, de novo DSA, biopsy proven rejection, recurrent disease).  

A) Dot plots comparing the calculated TrBs between the two groups.  Individual 

values, median and interquartile ranges are shown.  B) ROC curve constructed from 

the 3-month calculated TrBs C) Kaplan Meier estimates of composite-endpoint-free 

survival in patients stratified according to high and low calculated TrBs. 
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4.2.1.4.2 GRAFT SURVIVAL 

One out of 21 patients lost their graft (at approximately 22 months).  This patient had 

2 biopsies during their follow up, and each was reported as BK virus nephropathy and 

interstitial fibrosis/tubular atrophy (IFTA) grade 1.  No differences were noted in this 

patient’s 3-month B-cell phenotype (calculated and % gated) compared with the rest 

of the cohort. 

 

4.2.1.4.3 REJECTION 

One patent was found to have evidence of chronic active antibody mediated rejection 

on biopsy approximately 14 months post-transplant.  They were offered a biopsy 

because of new onset recurrent proteinuria.  The biopsy was reported as g2-3, cg1, 

mm1, t0, ct0, i0, ti1, ci1, v0, cv1-2, aah1, ptc1 c4d0, polyoma virus 0.  There was 

additionally a de novo DQA DSA, therefore the patient was treated with pulsed 

steroids and 7 sessions of plasma exchange.  Mycophenolate mofetil and prednisolone 

were added to their maintenance immunosuppression.  When their 3-month B-cell 

phenotype was analysed, no statistically significant differences were noted (calculated 

and %gated) between this patient, and the rest of the basiliximab cohort.   

 

4.2.1.4.4 RECURRENT PROTEINURIA 

Five out of 21 patients developed recurrent proteinuria during the follow up period.  A 

trend towards increased 3-month %B-cells was noted in patients who subsequently 

developed recurrent proteinuria compared with those without recurrent proteinuria 

(%Gated B-cells 7.5% recurrent proteinuria vs 4.8% no proteinuria, p=0.06, 

Table 4.56).  
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Lymphocyte Subset 
(%gated) 

Median Value 
No Recurrent 
Proteinuria 

IQR Median 
Value 

Recurrent 
Proteinuria  

IQR p 
value 

CD19+ B-cells 
(NP n=16, RP n=5)  

4.81 4.14 7.53 5.46 0.06 

CD19+CD27-IgD+ Naïve 
(NP n=16, RP n=5) 

72.7 26.5 85.2 23.2 0.858 

CD19+CD27+IgD+ 
Non-Switched Memory 

(NP n=16, RP n=5) 
9.13 12.8 9.15 16.9 0.858 

CD19+CD27+IgD- Class 
switched Memory 
(NP n=16, RP n=5) 

9.93 11.1 4.77 6.73 0.370 

CD19+CD24hiCD38hi 
Transitional B-cells 

(NP n=16, RP n=5) 
7.16 9.62 5.86 24.0 0.654 

CD19+CD24+++CD38+++ T1 
(NP n=16, RP n=5) 

14.6 23.6 23.6 44.1 0.591 

CD19+CD24++CD38++ T2 
(NP n=16, RP n=5) 

85.0 22.1 76.1 45.0 0.654 

T1:T2 Ratio 
(NP n=16, RP n=5) 

0.173 0.345 0.313 1.08 0.591 

CD27+CD38+Plasmablasts 
(NP n=16, RP n=5) 

0.150 0.20 0.125 1.16 0.720 

Switched Mem:NS Mem 
Ratio 

(NP n=16, RP n=5) 
0.774 1.63 0.531 0.72 0.698 

 

Table 4.56.  Comparison of 3-month B-cell phenotype and the development of 

recurrent proteinuria in Basiliximab induction patients.   

Recurrent proteinuria is defined as a urine protein:creatinine ratio (UPCR) >50 on 

two or more occasions.  T1:T2 and S:NS ratios were calculated for each individual 

patient.  The median values and interquartile range (IQR) for each group are included 

in the table. 
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As proteinuria can be caused by multiple different processes, patient files and biopsy 

data were reviewed to determine the possible cause of proteinuria.  As described in 

Table 4.57, the causes were heterogenous and could be considered a mixture of 

immune-mediated and other causes.   

Patient 
ID 

Primary Disease Biopsy? Results Converted to 
sirolimus? 

25 IgAN Yes x3 1) No abnormality 
2) Minimal patchy 

ATN 
3) Recurrent IgA 

No 

33 Unknown Yes x1 FSGS No 
34 Pyelonephritis Yes x2 1) BK nephropathy 

2) BK nephropathy 
No 

51 Polycystic kidney 
disease 

Yes x1 Antibody mediated 
rejection 

No 

80 Primary 
membranous 

No (En bloc transplant. Not 
biopsied due to kidney 
size. Proteinuria presumed 
to be secondary to 
hyperfiltration). 
Proteinuria resolved 3yrs 
post-transplant 

No 

Table 4.57.  Possible explanations for recurrent proteinuria in Basiliximab cohort 

4.2.1.4.5 DEVELOPMENT OF DE NOVO HLA ANTIBODIES AND DSAS 

Thirteen out of 21 patients developed de novo HLA antibodies, and 4 patients 

developed de novo donor specific antibodies.  These included both HLA class I and 

class II DSAs.   No statistically significant associations were noted (either calculated or 

%gated) with the B-cell phenotype and the development of de novo HLA antibodies or 

DSAs. 

 

4.2.1.4.6 RENAL FUNCTION 

No statistically significant correlations were noted between eGFR and B-cell subsets. 
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4.2.1.4.7 BASILIXIMAB- 3 MONTH SUMMARY 

Compared with the alemtuzumab cohort, fewer patients received basiliximab as an 

induction agent, therefore fewer events were documented during the follow up 

period.  Despite this, some differences were noted when considering outcomes. 

 

Composite Endpoint 

Basiliximab patients who had high 3-month %gated B-cells were more likely to meet 

the composite endpoint during follow up.  Similarly, these patients had a higher 

calculated B-cells than those who did not meet the composite endpoint; however this 

difference was not statistically significant.  This observation was in contrast to that 

observed for the alemtuzumab patients – where those who met the composite 

endpoint were found to have fewer B-cells at 3 months than those who did not meet 

the composite endpoint.   

 

High calculated transitional B-cells at 3months was also found to be associated with 

meeting the composite endpoint in the basiliximab cohort, although no differences 

were noted in the T1 or T2 subsets.   When ROC curve analysis was performed, a high 

3-month calculated TrB > 0.004573x109/l was the better marker of outcome, with a 

sensitivity 100%, specificity 71%, AUC=0.8367, p=0.0138.  When the Kaplan Meier 

estimates were constructed, this cut-off resulted in curve separation, and patients with 

a high 3-month TrB count were found to have a reduced composite-endpoint-free 

survival (p=0.00348 log rank). 

 

Recurrent proteinuria 

A trend towards increased %B-cells was also noted in patients who developed 

proteinuria, however this difference was not statistically significant. 

 

When other individual endpoints (graft survival, rejection free survival, the 

development of de novo HLA antibodies and DSAs) were assessed, no statistically 

significant differences were noted in the B-cell phenotype.   
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4.2.1.5 BASILIXIMAB INDUCTION – 6 MONTH OUTCOMES 
Due to smaller patient numbers at this point onwards, when statistical analyses were 

performed, a p value <0.1 was considered statistically significant. 

4.2.1.5.1 RECURRENT PROTEINURIA 

4 patients removed due to recurrent proteinuria occurring between 3-6 months.  Of 

the remaining 18 patients, 3 subsequently developed recurrent proteinuria.  No 

statistically significant differences were noted in the %gated phenotype between the 

two groups.  Patients who developed recurrent proteinuria had more calculated CD19+ 

B-cells (RP 0.102x109/l B-cells vs no RP 0.0502x109/l, p=0.039) of which there were 

more naïve cells at 6 months (CD19+CD27+IgD+ Naïve: 0.0955x109/l vs 0.0452x109/l, 

p=0.039, Table 4.58).
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Lymphocyte Subset 
(Calculated, x109/L) 

Median 
Value 
No RP  

No RP 
IQR 

Median 
Value 

RP  

RP 
IQR 

p 
value 

CD19+ B-cells 
(No RP n=15, RP n=3) 

0.0502 0.0589 0.102 
- 

0.039 

CD19+CD27-IgD+ Naïve 
(No RP n=15, RP n=3) 

0.0452 0.048 0.0955 
- 

0.039 

CD19+CD27+IgD+ 
Non-Switched Memory 

(No RP n=15, RP n=3) 
0.00331 0.00816 0.00939 

- 
0.130 

CD19+CD27+IgD- Class 
switched Memory 

(No RP n=15, RP n=3) 
0.00309 0.00349 0.00660 

- 
0.164 

CD19+CD24hiCD38hi 
Transitional B-cells 

(No RP n=15, RP n=3) 
0.00839 0.0138 0.00510 

- 
1.000 

CD19+CD24+++CD38+++ T1 
(No RP n=15, RP n=3) 

0.00239 0.00395 0.00130 
- 

1.000 

CD19+CD24++CD38++ T2 
(No RP n=15, RP n=3) 

0.00156 0.00311 0.000958 
- 

1.000 

CD19+CD27+CD38+ Pbs 
(No RP n=15, RP n=3) 

0.0012 0.000235 0.0025 
- 

0.738 

Table 4.58. Comparison of 6-month calculated B-cell phenotype and the 

development of recurrent proteinuria in Basiliximab induction patients.   

Recurrent proteinuria (RP) is defined as a urine protein:creatinine ratio, UPCR >50 on 

two or more occasions.  IQR – interquartile range 

 

The calculated B lymphocytes, and calculated naïve cells were investigated further as 

shown in Figure 4.34 and Figure 4.35.  
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Figure 4.34 6-month calculated CD19+ B lymphocytes as a biomarker of recurrent 

proteinuria.   

Patients were divided into two groups according to the development of recurrent 

proteinuria (RP) defined by 2 x UPCR readings >50).   A) Dot plots comparing the 

calculated B lymphocyte count between the two groups with individual values, 

median and interquartile range shown B) ROC curve C) Kaplan Meier estimates of 

recurrent proteinuria-free survival using cut offs defined by ROC curve analysis  
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Figure 4.35.  Assessment of the 6-month calculated CD19+CD27-CD38+ Naïve Cells as a 

biomarker of Recurrent Proteinuria.   

Patients were divided into two groups according to the development of recurrent 

proteinuria (2x UPCR >50).  A) Dot plots with Mann Whitney test comparing the two 

groups with individual values, median and IQR shown B) ROC curve analysis C) 

Kaplan Meier Estimates using the cut off values defined by ROC curve analysis 
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A high calculated 6-month B-cell count > 0.09380x109/l was associated with recurrent 

proteinuria, with a sensitivity of 67%, specificity 93% and AUC =0.8889, p=0.0382.  

When Kaplan Meier estimates were constructed, a high B-cell count was associated 

with a reduced recurrent proteinuria-free survival (hazard ratio 19, CI 0.4011-909.9, 

p=0.0005 log rank, Figure 4.34).  Similarly, a high calculated naïve count 

>0.08236x109/l was associated with recurrent proteinuria with a sensitivity of 67%, 

specificity 93%, AUC =0.8889, p=0.0382.  When Kaplan Meier estimates were 

performed a high naïve count was associated with reduced proteinuria-free survival 

with a hazard ratio of 11.3, CI 0.4766-268.1, p=0.0122, log rank (Figure 4.35). 

 

4.2.1.5.2 GRAFT SURVIVAL 

No significant differences were noted in the B-cell phenotype (%gated and calculated) 

when graft survival and graft loss patients were compared.  The graft loss (GL) 

patient’s %TrB and T1:T2 ratio were tracked alongside the median %TrB and T1:T2 

ratio values obtained from the basiliximab cohort (Figure 4.36).   Between 3-8 months 

post-transplant, the GL patient had fewer %TrBs, but a higher T1:T2 ratio than the 

median for the basiliximab cohort, however beyond 12 months post-transplant, this 

trend reversed, and the GL patient had more %TrBs with a lower T1:T2 ratio than the 

cohort average. This occurred after biopsies confirming BK virus nephropathy.  It is 

possible that this change in phenotype occurred following a change to 

immunosuppression, or as a result of the viral infection. 
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Figure 4.36.  The post-transplant transitional B-cell population in a patient with graft 

loss.   

The patient’s TrB phenotype is tracked with the median values for %TrB and T1:T2 

ratio obtained from the basiliximab cohort at similar time points.  FCB – for cause 

biopsy, BKN – BK nephropathy, IFTA – interstitial fibrosis and tubular atrophy 

4.2.1.5.3 REJECTION 

No significant differences were noted in the B-cell phenotype (%gated and calculated) 

when the rejection (n=1) and no rejection groups (n=19) were compared.  Although no 

statistically significant differences were noted between the rejection patient and no 

rejection cohort at 3 and 6 months, it was interesting to see how the individual values 

obtained from the rejection patient compared to the median values obtained from the 

basiliximab cohort (Figure 4.37).  Although 3-month %TrB and T1:T2 ratio were higher 

than the median values obtained from the basiliximab cohort, the T1:T2 ratio reduced 

and remained below the median cohort value from 6 months.  The %TrB in the 

rejection patient reduced and remained below the median %TrB obtained from the 

basiliximab cohort at 12-months.  This occurred 2 months before the patients was 
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offered a biopsy which demonstrated features associated with acute antibody 

mediated rejection. 

 

 
Figure 4.37. The post-transplant transitional B-cell population in a basiliximab 

patient with rejection.  

 

No other statistically significant associations were noted when other outcomes were 

investigated.   

 

No further comparisons were made using 12-month time points due to low sample 

and event numbers. 

 

4.2.1.6 SUMMARY OF PROSPECTIVE FINDINGS 
 

Table 4.59 summarises the statistically significant findings from the prospective 

ALBERT study. 
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 Endpoints 3 months 6 months 12 months 
Al

em
tu

zu
m

ab
 

CEP ¯ % CD19+ B cells 
 % CD27+CD38- Mem  
 % CD27+IgD+ NS mem 

¯ T1:T2 ratio 
 S:NS mem ratio 

No significant 
differences 

Graft Loss ¯ calc CD19+ B cells  
¯ calc CD27-IgD+ Naïve  
¯ calc CD24+++CD38+++ T1 

No differences ¯ T1:T2 ratio 

Rejection  % CD24hiCD38hi TrBs 
¯ T1:T2 ratio 

¯ calc and % CD27+IgD+ NS 
¯ calc CD24hiCD38hi TrBs 
¯ calc CD24+++CD38+++ T1 
¯ calc CD24++CD38++ T2 
¯T1:T2 ratio 
 S:NS ratio 

No significant 
differences 

Disease 
recurrence 

No significant differences No significant differences No significant 
differences 

Recurrent 
Proteinuria 

No significant differences ¯T1:T2 ratio No significant 
differences 

De novo DSA No significant differences No significant differences No significant 
differences 

Renal function Correlated with calc 
CD27+IgD- switched mem 

No significant correlation No 
correlation 

Ba
sil

ix
im

ab
 

CEP  %CD19 
 calc CD24hiCD38hi TrB 

No significant differences  

Graft Loss No significant differences No significant differences  
Rejection No significant differences No significant differences  
Disease 
recurrence 

   

Recurrent 
Proteinuria 

No significant differences calc CD19+ 

calc CD27-IgD+Naïve 
 

De novo DSA No significant differences No significant differences  
Renal function No significant correlation No significant correlation  

Table 4.59. ALBERT Prospective Study Results: Summary of Statistically Significant 

Findings.   

CEP – composite endpoint positive, DSA – donor specific antibodies, NS – non 

switched memory, TrB – transitional B cell, S:NS – switched:non-switched memory B-

cell, calc- calculated  
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4.2.2 FOR CAUSE BIOPSIES – ALBERT STUDY GROUP 2 

Twenty-seven patients with a troubled graft were offered a ‘for cause’ biopsy at a 

median of 3 years (IQR 6 years) after transplantation.  Indications for a biopsy included 

deterioration in renal function, and new onset proteinuria.  The median eGFR was 

19ml/min/1.73m2 (interquartile range [IQR] 16.5), median urea 19mmol/l (IQR 13) and 

median UPCR was 68.6mg/mmol, (IQR 16.5). Blood samples were collected on the day 

of biopsy to determine the surface B-cell phenotypes, and the presence of donor 

specific antibodies (DSAs).  Four patients were excluded from this study as biopsies 

were performed within the first transplant year.  This was to avoid any inherent 

differences associated with the repopulation of B-cells following alemtuzumab 

induction (Figure 4.6).  Two further samples were excluded as the proportion of B-cells 

obtained were <1%.  Table 4.60 describes the demographics for patients who received 

a late (>1yr) for cause biopsy and were included in the subsequent analysis.   

Variable Study Population 

Number 21 

Recipient Age (yr, med + IQR) 41 (27) 

Recipient Gender  

Male 12 (57.1%) 

Female 9 (43%) 

Recipient Ethnicity  

Caucasian 19 (90.5%) 

Asian 1 (4.8%) 

Chinese 1 (4.8%) 

Cause of ESRD  

Diabetes and Hypertension 1 (4.8%) 

Glomerulonephritis 8 (38.1%) 
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Variable Study Population 

Inherited 4 (19%) 

Other 4 (19%) 

Unknown 4 (19%) 

Donor Type  

LD 4 (19%) 

DBD 10 (47.6%) 

DCD 7 (33.3%) 

Graft Number  

1 18 (85.7%) 

2 2 (9.5%) 

3 1 (4.8%) 

NHSBT HLA Mismatch Level  

1 1 (4.8%) 

2 5 (23.8%) 

3 10 (47.6%) 

4 5 (23.8%) 

Induction Agent   

Alemtuzumab  11 (52.4%) 

Basiliximab 3 (14.3%) 

Unknown 7 (33.3%) 

Maintenance Immunosuppression*  

Tacrolimus 18 (85.7%) 
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Variable Study Population 

Ciclosporin 1 (4.8%) 

Sirolimus 1 (4.8%) 

MMF 6 (29%) 

Azathioprine 4 (19%) 

Prednisolone 6 (28.6%) 

Baseline eGFR (med, IQR) 19 (16.5) 

Baseline UPCR (med, IQR) 68.6 (16.5) 

Median Interval: transplant to biopsy (yrs, IQR) 3 (6) 

DSA Present 8 (38%) 

Allograft rejection on biopsy 10 (48%) 

Table 4.60. Demographic characteristics of the final cohort of patients receiving a 

late for cause biopsy.  

*Maintenance immunosuppression at the time of biopsy. UPCR- urine protein-

creatinine ratio, IQR – interquartile range, MMF – mycophenolate mofetil 

 

To investigate whether there was a distinct phenotype associated with rejection, 

patients were initially divided into two groups according to the histology results R 

(rejection, Banff classes 2,4 n=10), NR (no rejection, Banff classes 1, 5 and 6, n=9), and 

B (borderline changes suspicious for T-cell mediated rejection, Banff class 3, n=1)54.  

The B-cell phenotypes were compared using the Mann Whitney test.  Figure 4.38 

demonstrates the B-cell subsets across the rejection and non-rejection groups.   No 

statistically significant differences were appreciable between the two groups with 

respect to the proportion of naïve, memory (including class switched and non-

switched, class switched:non-switched memory ratio), transitional cells or 

plasmablasts.   
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Further analysis focussed on the transitional B-cell subsets as previous studies had 

highlighted these populations as possible biomarkers of allograft rejection.141,233 T1 

and T2 cells were differentiated using the gating strategy described in Figure 2.5.  

Patients in the Rejection group were noted to have less T1 cells compared with the No-

Rejection group (median %T1 9.465 Rejection, 19.37 No-Rejection, p=0.0355 Mann-

Whitney test).  Although the rejection group demonstrated more %T2 cells than those 

with no-rejection, this difference was not statistically significant (median %T2 87.68, 

median %T1 80.44, p=0.0630, Mann-Whitney test).  Overall, patients with rejection 

had a reduced T1:T2 ratio compared with those without rejection (median T1:T2 ratio 

0.11 Rejection, 0.27 no-rejection, p=0.0408, Figure 4.39).  Receiver operating 

characteristic curves were then constructed to determine the optimal cut-off values to 

differentiate rejection from no-rejection using the different TrB parameters (second 

panel of Figure 4.39).  A T1:T2 ratio of 0.2 was a good marker of differentiating the two 

groups, with a sensitivity of 80% and specificity of 90%, AUC 0.7700, p=0.0215.  The 

best overall marker of rejection was low %T1 cells <16.56 (sensitivity 90%, specificity 

80%, AUC 0.78, p=0.0343).  One patient (ID: AL93) was assigned Banff category III 

(borderline, suspicious for acute T-cell mediated rejection).  It was interesting to see 

that the T1:T2 ratio for this patient was reduced and similar in value to those seen with 

patients who were in the rejection group.
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Figure 4.38. B-cell phenotype in patients with a troubled graft. 

Whole blood was collected from patients at the time of a ‘for cause’ biopsy.  Patients were 

separated into groups according to histology results (Rejection -R, No rejection – NR, Borderline 

-B), and the different B-cell phenotypes were compared.  The first panel demonstrates A) the % 

gated B-cells from the lymphocyte population, and B-D) the different B subsets using CD24 and 

CD38 expression (B – transitional B-cells, C- memory, D – Naïve, E- plasmablasts).  The second 

panel demonstrates the different B subsets using CD27 and IgD expression: A) Naïve B) Class 

switched memory C) Non-switched memory D) CD27-IgD-.  The final panel demonstrates the B 

subsets using CD27 and CD38 expression: A) Naïve B) Memory C) Pb.  Individual values, median 

and interquartile ranges are shown.  Comparisons were made using the Kruskal Wallis test.
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Figure 4.39.  Receiver operating characteristic curve analysis of markers of rejection.  

A) %T1 cells, B) %T2 cells, C) T1:T2.  

Patients were divided into groups according to histology results (R – rejection, NR – 

no rejection, B – borderline).  The transitional B-cell populations were assessed from 

whole blood using flow cytometry.  The top panel contains scatter plots with 

comparisons using the Mann Whitney test between the R and NR groups.   Individual 

results, median and interquartile ranges are shown.  The optimal cut-off values 

defined by the ROC are also demonstrated.  The bottom panel shows the ROC 

analyses including area under the ROC for each population. 
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4.2.2.1 IN PATIENTS WITH A TROUBLED GRAFT, THERE IS A DISTINCT 
PHENOTYPE THAT IS ASSOCIATED WITH REDUCED GRAFT SURVIVAL. 

Having demonstrated that in patients with a troubled graft, there is a distinct 

phenotype that is associated with biopsy proven rejection, the next step was to 

determine whether this phenotype was associated with subsequent allograft loss.  

Clinical outcomes were obtained over a median follow up of 781 days (range 68 – 1920 

days) from biopsy.  

Over this period, 10 patients subsequently lost their graft.  Patients were divided into 

two groups (graft survival, GS and graft loss, GL) and their B-cell phenotypes at the 

time of biopsy (prior to any intervention) were compared.  There was no significant 

difference in the % B-cell obtained when comparing the two groups (Figure 4.40A).  

Similarly, there was no difference in the proportion of transitional, memory cells, naïve 

cells or plasmablasts defined by CD24 and CD38 expression (Figure 4.40B-E).   

 
Figure 4.40. Comparison of A) CD19+ B-cells, B) CD24++CD38++ Transitional B-cells, C) 

CD24+CD38- Memory, D) CD24+CD38+ Naïve, E) CD24-CD38+ Plasmablasts in patients 

offered a late ‘for cause’ biopsy. 

Patients were divided into 2 groups (GS – graft survival, GL – graft loss) according to 

graft survival during the follow up period.  The B-cell phenotype was assessed from 

whole blood using flow cytometry.  Groups were compared using the Mann Whitney 

test with individual results, median and interquartile range shown. 

 

Analysis within the transitional population however demonstrated significant 

differences in the T1 and T2 populations.  GS patients had a significantly higher 

proportion of T1 cells (median %T1 18.51 GS, 7.82 GL, p=0.0089), a lower proportion of 

T2 cells (median %T2 81.63 GS, 91.23 GL, p=0.0288), and subsequently, a higher T1:T2 
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ratio (median ratio 0.23 GS, 0.09 GL, p=0.0093) compared with the GL patients.  

Receiver operating characteristic curves (ROC) were constructed to determine the 

proportion of T1 and T2 cells, and the T1:T2 ratio that would separate the two groups 

with optimum sensitivity and specificity (Figure 4.41).  The best predictors of 

subsequent allograft loss were the T1:T2 ratio<0.175 which classified cases with a 

sensitivity 80%, specificity 82% and area under the curve (AUC) 0.8409, p=0.0063 and 

% gated T1 cells <14.69 (sensitivity of 80% and specificity 82%, AUC = 0.8455, 

p=0.0075).  Figure 4.42 demonstrates the Kaplan-Meier survival curves comparing 

graft survival in patients with high (>0.175) and low (<0.175) T1:T2 ratios.   
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Figure 4.41. Receiver operating characteristic curve analysis as a marker of allograft 

loss using A) T1:T2 Ratios, B) %T1 and C) %T2 cells.   

Patients were divided into 2 groups (GS – graft survival, GL – graft loss) according to 

graft survival during the follow up period.  The transitional B-cell populations were 

assessed from whole blood using flow cytometry.  The top panel demonstrates the 

comparisons between the two groups using the Mann Whitney test.  Individual 

results, median and interquartile ranges are shown.  The optimal cut-off values 

defined by the ROC are also demonstrated.  The bottom panel shows the ROC 

analyses including area under the ROC for each population. 
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Figure 4.42.  Kaplan Meier Curves estimating graft survival from time of biopsy 

according to measured T1:T2 Ratios.   

 

Further ROC analyses were performed to compare the utility of the T1:T2 ratio against 

other currently available biomarkers of graft loss including eGFR at time of biopsy, the 

presence of DSAs, and proteinuria (Figure 4.43).  The only other good biomarker of 

allograft loss was a low eGFR <21 at the time of biopsy (sensitivity 90%, specificity 

81.82%).  The calculated area under the curve for eGFR however was reduced 

compared with the curve generated by the T1:T2 ratio (AUC 0.8091, p=0.0167 for eGFR 

compared with AUC 0.8409, p=0.0083 for T1:T2 ratio). 

 

Figure 4.43. ROC analyses comparing the utility of the T1:T2 ratio as a biomarker of 

subsequent allograft loss with current available biomarkers.  

 

The histology results for these patients were compared according to the T1:T2 ratio at 

the time of biopsy.  Although the differences were not statistically significant, a higher 

proportion of patients with a low T1:T2 ratio exhibited higher Banff g, ptc, c4d, and t 

scores compared with those who had a high T1:T2 ratio (Figure 4.46). 
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Univariate and multivariate analyses were performed to determine other variables 

that may affect subsequent graft survival. The demographic characteristics of the 

cohort stratified according to T1:T2 ratio can be viewed in Table 4.61.  Variables were 

entered into a Cox proportional hazards model (see Table 4.62).  Although graft type, 

evidence of rejection on histology, and T1:T2 ratios were significantly associated with 

reduced graft survival on univariate analysis, an eGFR<20 at the time of biopsy was the 

only significant variable associated with subsequent graft loss in the final multivariable 

model (hazard ratio 24.5, p=9.48, p=0.03).  When the patients were stratified 

according to eGFR at the time of biopsy (eGFR<20 and eGFR>20), a low T1:T2 ratio was 

associated with reduced graft survival when eGFR<20 (but not when eGFR>20), 

however this was not statistically significant (p=0.081, log rank), see Figure 4.44. 
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Figure 4.44. Kaplan Meier Curves estimating allograft survival according to T1:T2 

ratios in patients who are stratified by renal function.   

The top panel shows patients with eGFR<20, the bottom panel eGFR>20. 
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Further analyses were performed to determine whether there was a correlation 

between serum urea and different B-cell phenotypes as uraemia has previously been 

demonstrated to influence B-cell function and maturation.234  There was no significant 

relationship between %gated B-cells and serum urea (r= -0.6978, p=0.7638).  Similarly, 

there was no significant relationships between TrBs (r=-0.2773, p=0.2236), T1 (r=-

0.2680, p=0.2402), T2 (r=0.1263, p=0.5853) and T1:T2 ratios (r=-0.2089, p=0.3635) 

when compared with serum urea at the time of biopsy (Figure 4.45). 

 
Figure 4.45.  Assessment of relationship between serum urea (mmol) and A) B-cells, 

B) Transitional B-cells, C) T1 and T2 cells in patients who received a ‘for cause’ biopsy 
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Figure 4.46.  Comparison of Banff 

Histological scores in patients who 

received a late for cause biopsy.   

Patients had their B-cell phenotype 

analysed at the time of biopsy and 

were grouped according to T1:T2 

ratios. 
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Similar analyses were performed to see if different B-cell subsets were associated with 

subsequent graft loss.  CD27/CD38 (Figure 4.47) and CD27/IgD (Figure 4.48) cell 

surface expression was considered, however no statistically significant differences 

were present between the two groups.   

 

Figure 4.47. Comparison of A) % CD27-CD38- Naïve, B) % CD27+CD38- Memory, C) 

%CD27+CD38+ Plasmablasts in patients undergoing late for cause biopsies.   

Patients were divided into 2 groups according to whether they subsequently lost 

their graft in the follow up period.  The B-cell phenotype was assessed from whole 

blood using flow cytometry.  Groups were compared using the Mann Whitney test 

with individual results, median and interquartile range shown. 
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Figure 4.48. Comparison of A) % CD27-IgD- I, B) % CD27+IgD- Class Switched Memory, 

C) % CD27+IgD+ Non-Switched Memory, and D) CD27-IgD- cells in late for cause biopsy 

patients.   

Patients were divided into 2 groups according to graft loss during the follow up 

period.  The B-cell phenotype was assessed from whole blood using flow cytometry.  

Groups were compared using the Mann Whitney test with individual results, median 

and interquartile range shown. 
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Variable Study 
Population 

T1:T2 Ratio 
>0.175 

T1:T2 Ratio 
<0.175 

p- 
value 

Number 21 11 (52%) 10 (48%)  

Recipient Age (yr, med + IQR) 41 (27) 47 (12) 39 (18) 0.423 

Recipient Gender    0.030 

Male 12 (57.1%) 9 (82%) 3 (30%)  

Female 9 (43%) 2 (18%) 7 (70%)  

Recipient Ethnicity    0.214 

Caucasian 19 (90.5%) 11 (100%) 8 (80%)  

Asian 1 (4.8%) 0 1 (10%)  

Chinese 1 (4.8%) 0 1 (10%)  

Cause of ESRD    0.917 

Diabetes and Hypertension 1 (4.8%) 1 (5%) 0  

Glomerulonephritis 8 (38.1%) 4 (36%) 4 (40%)  

Inherited 4 (19%) 2 (18%) 2 (20%)  

Other 4 (19%) 2 (18%) 2 (20%)  

Unknown 4 (19%) 2 (18%) 2(20%)  

Donor Type    0.383 

LD 4 (19%) 1 (9%) 3 (30%)  

DBD 10 (47.6%) 5 (46%) 5 (50%)  

DCD 7 (33.3%) 5 (46%) 2 (20%)  

Graft Number    0.476 

1 18 (85.7%) 9 (82%) 9 (90%)  

2 2 (9.5%) 2 (18%) 0  
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Variable Study 
Population 

T1:T2 Ratio 
>0.175 

T1:T2 Ratio 
<0.175 

p- 
value 

3 1 (4.8%) 0 1 (10%)  

NHSBT HLA Mismatch Level    0.786 

1 1 (4.8%) 1 (9%) 0  

2 5 (23.8%) 3 (27%) 2 (20%)  

3 10 (47.6%) 4(36%) 6 (29%)  

4 5 (23.8%) 3 (27%) 2 (20%)  

Induction Agent     1.000 

Alemtuzumab  11 (52.4%) 6 (55%) 5 (50%)  

Basiliximab 3 (14.3%) 2 (18%) 1 (10%)  

Unknown 7 (33.3%) 3 (27%) 4 (40%)  

Maintenance 
Immunosuppression* 

    

Tacrolimus 18 (85.7%) 10 (91%) 8 (80%) 0.5861 

Ciclosporin 1 (4.8%) 0 1 (10%) 0.476 

Sirolimus 1 (4.8%) 1 (9%) 0 1.000 

MMF 6 (29%) 3 (27%) 3 (30%) 1.00 

Azathioprine 4 (19%) 0 4 (40%) 0.035 

Prednisolone 6 (28.6%) 1 (9%) 5 (50%) 0.063 

Baseline eGFR (med, IQR) 19 (16.5) 30 (24) 15 (7) 0.014 

Baseline UPCR (med, IQR) 68.6 (16.5) 61.5 
(241.7) 

76.8 
(116.9) 

0.863 

Median Interval: transplant to 
biopsy (yrs, IQR) 

3 (6) 2 (2) 3 (12) 0.138 

DSA Present 8 (38%) 3 (27%) 5 (50%) 0.387 
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Variable Study 
Population 

T1:T2 Ratio 
>0.175 

T1:T2 Ratio 
<0.175 

p- 
value 

Allograft rejection on biopsy 10 (48%) 3 (27%) 8 (80%) 0.035 

Table 4.61. Demographic characteristics of the final cohort of patients receiving a 

late for cause biopsy, stratified according to T1:T2 ratio. 

*Maintenance immunosuppression at the time of biopsy. UPCR- urine protein-

creatinine ratio, IQR – interquartile range, MMF – mycophenolate mofetil 
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Variable HR (95% CI) p-value HR (95% CI) p-
value  

Univariate Multivariate 

T1:T2 Ratio <0.175 7.26 (1.492-35.186) 0.014 1.714 (0.131 – 
22.411) 

0.681 

DSA Present at time 
of biopsy 

2.040 (0.588-7.074) 0.261   

Proteinuria (UPCR>50 
vs <50) 

0896 (0.253-3.180) 0.896   

eGFR at time of 
biopsy (<20 vs >20) 

24.416 (2.90-205.92) 0.003 24.504 (1.297- 
463.112) 

0.033 

Years since transplant 
(>3 vs<3) 

1.513 (0.390-5.872) 0.550   

Donor Type (LD Ref)     

DBD 0.230 (0.046-1.158) 0.203   

DCD 0.444 (0.098-2.003) 0.291   

Regraft vs 1st graft 0.408 (0.052-3.234) 0.408   

Induction (alem ref)   
  

Basiliximab 0.626 (0.075-5.218) 0.665   

Unknown 0.783 (0.195-3.141) 0.731   

Evidence of rejection 
on biopsy 

    

Yes 19.001 (2.32-155.38) 0.006 11.046 (0.511 – 
238.871) 

0.126 

Borderline 5.709 (0.356-91.44) 0.356 1.655 (0.042-65.654) 0.789 

Table 4.62.  Univariate and Multivariate analyses of factors associated with graft 

survival in ALBERT patients receiving a late for cause biopsy.  
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To summarise, in patients with a troubled graft who received a late for cause biopsy, 

there was a distinct B-cell phenotype that was associated with evidence of rejection on 

biopsy and subsequent reduced 5-year graft survival.  Patients with evidence of 

rejection on biopsy had fewer %T1 CD24+++CD38+++ cells, more %T2 CD24++CD38++ cells, 

and a lower T1:T2 ratio than those patients who did not have rejection.  ROC curve 

analyses using a T1:T2 ratio of 0.2 successfully differentiated the rejection from no-

rejection groups with sensitivity of 90.91% and specificity of 81.82%, AUC 0.7893, 

p=0.0215.  A low T1:T2 ratio was also associated with higher Banff microvascular 

inflammation scores, however this was not statistically significant.  Additionally, on 

univariate analysis a low T1:T2 <0.175 was associated with subsequent graft loss 

(hazard ratio 7.26, p=0.014 cox proportional hazards model).  Multivariate analysis 

showed that a low eGFR<20 at the time of biopsy however was the single independent 

risk factor of subsequent graft loss. 

 

4.2.3 DISCUSSION 

In addition to antigen presentation and antibody secretion, B-cells can modulate the 

immune system through the secretion of pro-inflammatory and anti-inflammatory 

cytokines.  The regulatory B-cell phenotype has yet to be fully defined however it is 

accepted that regulatory B-cells typically produce IL-10.  In humans, the CD24+CD38+ 

transitional B-cell population has been extensively studied in both autoimmunity and 

alloimmunity.  Acknowledging that B-cells have the capacity to produce both 

proinflammatory and anti-inflammatory cytokines, Cherukuri et al demonstrated that 

CD24+CD38+ transitional B-cells (TrBs) were reduced in renal transplant patients with a 

troubled graft, and these cells were also unable to suppress Th1 immune response.124  

Furthermore, TrBs could be defined into the very immature T1 and more mature T2 

cells based on CD10, IgM, CD24 and CD38 expression.124,141  The T1 cells were 

observed to have the most regulatory phenotype, through the relative increased 

production of IL-10 compared with TNF-α.124   
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A difficulty with using cytokine secretion to define B regulatory capacity Is the 

requirement for an often prolonged cell culture which has the potential to alter the 

cell phenotype.  Additionally, the in vitro activation of regulatory B-cells may not 

necessarily be representative of the environment in vivo.  The aim of this study was to 

assess if the surface B-cell phenotype could be used as a marker of clinical outcome.   

 

4.2.3.1 PROSPECTIVE STUDY 
The prospective B-cell surface phenotype following transplantation was first assessed.  

In this cohort, it was important to review the subsets using frequencies as a 

percentage of the parent gate as well as calculated values.  This was because as 

described in the previous chapter, alemtuzumab induction causes B-cell depletion, and 

any subsequent clinical outcomes may be a function of not only the subtype of 

reconstituting B-cells, but also the number of cells in the peripheral circulation.  

 

4.2.3.1.1 COMPOSITE OUTCOMES 

Due to the relatively short follow up period for this cohort, a decision was made to 

assess the B-cell phenotype against a composite endpoint which comprised of 

surrogate markers for poor outcome (the development of de novo donor specific 

antibodies, 30% reduction in eGFR between 3-18 months, immune-mediated changes 

or recurrent disease on biopsy and recurrent proteinuria).  Although no consistent 

trends were noted at the various time points, it was interesting to see that the 3-

month % B-cell was a marker of meeting the composite endpoint for both 

alemtuzumab and basiliximab patients, however in the alemtuzumab cohort, low %B-

cells were associated with an increased risk of meeting the endpoint, yet in the 

basiliximab cohort, low %B-cells were associated with a reduced risk of meeting the 

endpoint.  Assuming that each individual endpoint occurred as a result of an 

alloimmune reaction, a possible explanation could be that the B phenotype following 

alemtuzumab is more immature with increased transitional and regulatory B-cells.  

Patients with low B-cell frequencies would have fewer regulatory cells at a time where 

CD4+ and CD8+ lymphocytes frequencies would have expected to return to pre 
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alemtuzumab levels.  This could result in a relatively unchecked immune system and 

increasing the risk of poorer outcomes.  Supporting this theory is the case series where 

Clatworthy et al reported early T-cell mediated rejection following rituximab and 

attributed this to the depletion of immunoregulatory B-cells.235    In the Basiliximab 

group of the ALBERT prospective study, it was noted that high 3-month calculated 

transitional B-cells were associated meeting the composite endpoint.  No differences 

were noted in the T1:T2 ratio.  Alfaro et al found that patients (who received either 

ATG or basiliximab induction) with a low frequency of B-cells at six months post-

transplant were more likely to develop acute rejection in the first transplant year.236  In 

a single centre matched cohort study, Todeschini et al were able to predict the 

development of DSA by early changes in the B-cell phenotype, where low 1-month 

post-transplant B-cell counts were significantly associated with the development of 

DSA at 1 year.165  This correlated with worse long-term outcomes.  There may also be 

other patient factors that can affect the rate and type of B-cell repopulation.  For 

example, age related changes in the bone marrow, which can lead to the impaired 

development and function of B-cells, have been documented.237,238  In multiple 

sclerosis patients, B-cell repopulation after rituximab has been found to be influenced 

by the presence of NKG2C+ NK cells with enhanced ADCC function – high levels of 

NKG2C+ NK cells were associated with reduced B-cell numbers.239  Alternatively, low 

peripheral B-cell could be a reflection of the accumulation of B-cells elsewhere, for 

example in lymph nodes and spleen, or within the graft itself.  

 

A finding was that alemtuzumab patients were at increased risk of meeting the 

composite endpoint if they had high 3-month % CD27+CD38- memory cells >1.185% 

including high %non-switched memory cells.  Following alemtuzumab induction, it 

would be expected that the majority of repopulating B-cells will derive from the bone 

marrow and this will be reflected as increased transitional or naïve cells with few 

memory cells.  An increased frequency of peripheral memory cells therefore could 

suggest repopulation in the periphery from previously sequestered memory cells.  

Additionally, at 6-months, a high switched:non-switched ratio was also associated with 

an increased risk of meeting the composite endpoint.  Although documented at a 
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different timepoint, elevated switched memory IgD-CD27+ cells at 1 year post 

transplant have been associated with DSA development.165 

 

The individual endpoints were then then assessed: 

 

4.2.3.1.2 REJECTION 

A high 3-month frequency of transitional B-cells post alemtuzumab was found to be 

associated with subsequent rejection episodes during the follow up period.  In the 

basiliximab cohort, only one patient was found to have a rejection episode.  Although 

not statistically significantly different, this rejection patient also had a 3-month %TrB 

that was greater than the 3-month median of the basiliximab cohort (Figure 4.37).  

These findings contradict current literature however which describes an increased risk 

of rejection with fewer transitional B-cells.  Svachova et al, for example showed that 

lower transitional B-cells in the 3rd post-transplant month were associated with a 

higher risk of subsequent allograft rejection.233  Shabir et al, also concluded that TrB 

frequencies were associated with protection from any type of rejection at all time 

points up to 360 days post-transplant.240  However, in both case series listed above, 

patients received either basiliximab or ATG induction.  Alfaro et al on the other hand 

did not notice any differences in either the frequency (% of B lymphocyte gate) or 

absolute count (cell/µl) of transitional B-cells at 3 or 6months post-transplant in 

rejection and no-rejection patients.236  Although not statistically significant, when the 

3-month calculated transitional B-cell counts were reviewed, patients who had 

rejection had fewer calculated transitional B-cells at 3 months (median value 

0.0108x109/l rejection vs 0.238x109/l no rejection, p=0.691).   

 

At 6 months however, a low calculated TrB population was associated with subsequent 

rejection episodes in alemtuzumab patients (calculated TrBs 0.00590x109/l no 

rejection vs 0.00107x109/l rejection, p=0.005).  Further work will need to be performed 

to evaluate the IL-10 capability in these cells. In this cohort, the relative frequencies of 

CD19+CD24+++CD38+++ T1 and CD19+CD24++CD38++ T2 cells were key in establishing the 
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risk of subsequent rejection, and the T1:T2 ratios at 3 and 6 months were good 

biomarkers of allograft rejection over the 5-year follow up period.  Furthermore, 

multivariate analysis of 3-month data showed a low T1:T2 ratio to be independently 

associated with an increased risk of allograft rejection with a hazard ratio of 62, and 

when the T1:T2 ratio was compared at all timepoints, the median T1:T2 ratio was 

reduced in patients who developed rejection (Figure 4.31b), supporting its use as a 

biomarker of allograft rejection in alemtuzumab patients.  Interestingly, in keeping 

with the evident reduction in T1:T2 ratio with time following alemtuzumab, when ROC 

curve analyses were performed, the cut-off values offering the optimal sensitivity and 

specificity of subsequent allograft rejection decreased at each time point (3 months: 

<0.215, 6 months <0.1911, 12 months <0.1162). 

 

The basiliximab cohort was appreciably smaller than the alemtuzumab cohort and 

contained only 24 patients.  One patient developed an episode of rejection during the 

follow up period.  No statistically significant associations were seen between the 3-

month frequency of TrBs and rejection.  This could either be due to small patient 

numbers, or the overall low frequency of TrBs in basiliximab patients.  However, when 

this patient’s B-cells were tracked over time, a switch in phenotype was noted 

between 6 and 12 months post-transplant, where there was a reduction in T1 cells, 

resulting in a lower T1:T2 ratio.  This switch in phenotype occurred 2 months before 

the patient was biopsied for a 50% rise in creatinine and new onset proteinuria (Figure 

4.37).  This supports the conclusion that although in some cases, a 3-month sample 

may be helpful in identifying at risk patients, the B-cell phenotype is dynamic and 

therefore the close and frequent monitoring of subsets will be required to track 

changes in B-cell subsets with time. 

 

In addition to differences seen in the T1:T2 ratio, the 6-month S:NS memory cell ratio 

was also a good predictor of allograft rejection in the alemtuzumab cohort.  Class 

switched memory cells are generated following interaction with their cognate T-cells, 

therefore a high S:NS ratio could indicate a more primed alloimmune system.  In this 

cohort, a S:NS ratio at 6 months >2.134 (driven by reduced non-switched memory 
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cells), was associated with a reduced rejection free survival during the subsequent 5 

years of follow up.  The memory phenotype, including the relative frequencies of 

switched and non-switched memory B-cells have been extensively studied in 

autoimmune diseases.  Simon et al, for example demonstrate that in systemic 

sclerosis, patients with diffuse cutaneous systemic sclerosis (dcSSc) were found to 

have significantly elevated frequencies of CD19+CD27+IgD- class switched memory cells 

(within the CD19+CD27+ fraction) compared with patients with localised cutaneous 

systemic sclerosis (lcSSc).  Furthermore, patients with dcSSc and higher class switched 

memory cells were more likely to have more severe form of the disease, exhibiting 

pulmonary fibrosis compared with those who had lower frequencies of class switched 

memory cells.  They concluded that the reduced non-switched memory B-cell 

frequencies could be a potential biomarker of disease severity in systemic sclerosis.241 

Similar findings have been noted in primary Sjogren syndrome and SLE.242,243  The 

increased frequency of class switched memory cells has also been suggested as a 

potential biomarker of IgA nephropathy,244 and implicated in the pathogenesis of focal 

segmental glomerulosclerosis.245  This leads to the question as to whether patients in 

this cohort who experienced rejection episodes also had an autoimmune condition in 

their medical history.  One of five patients had lupus nephritis as their primary disease, 

and one patient had a history of ulcerative colitis, however their autoimmune 

conditions were clinically quiescent during the follow up period.  Other factors, for 

example persistent viral infections, may also explain differences in the S:NS ratio, and 

would need further exploration. 

 

4.2.3.1.3 GRAFT SURVIVAL 

Seven patients in the alemtuzumab cohort, and 1 patient in the basiliximab cohort lost 

their graft during the follow up period.  Although no significant differences were noted 

in the basiliximab cohort, some differences were noted in the alemtuzumab cohort.  

Looking first at the transitional subsets, at 3 months, patients who lost their graft had 

significantly fewer calculated T1 cells than those who did not lose their graft.  There 

was a trend towards fewer calculated T1 cells and a lower %T1 and T1:T2 ratio at 6 
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months in graft loss patients, however this was not statistically significant.  Finally at 

12 months, a low T1:T2 ratio <0.1424 was a good marker of graft loss over the 

subsequent 5 years, with a sensitivity 100%, and specificity 78%.  When the T1:T2 ratio 

was reviewed at all timepoints, patients who lost their graft during the follow up 

period had a reduced median T1:T2 ratio compared with those who did not lose their 

graft.  This suggests that in addition to highlighting patients at risk of rejection, the 

T1:T2 ratio may also be a marker of reduced allograft survival.  As 4 of 7 graft loss 

patients were found to have rejection prior to graft loss, the T1:T2 ratios were 

interrogated further within the graft loss group.  Although the differences were not 

statistically significant, the T1:T2 ratios obtained from patients who had rejection were 

lower than the T1:T2 ratios of patients who lost their graft due to other reasons.  The 

current literature is limited with respect to assessing T1:T2 ratios and renal allograft 

survival.  However, Cherukuri et al demonstrated that low T1:T2 ratios <0.17 obtained 

from patients with a troubled graft were associated with either return to dialysis or a 

2-fold reduction in eGFR in the 5 years following the biopsy.141  The important 

distinction to make from Cherukuri’s study is that in the ALBERT prospective cohort, 

patients were clinically stable, yet a low T1:T2 ratio was also found to be a marker of 

reduced allograft survival.  Further work will need to be carried out to determine 

whether these observations in the ALBERT prospective cohort can be replicated in 

other transplanting centres, and in larger numbers to determine clinically relevant cut-

off values for each time point.   

 

Other potential markers for reduced allograft survival were noted at the 3-month 

timepoint in the alemtuzumab cohort.  These included low calculated B-cells < 

0.01553x109/l and naïve B-cells <0.01350x109/l.  As discussed above, this could reflect 

a more immature and immunomodulatory B-cell phenotype following alemtuzumab 

induction, decreasing the risk of allograft rejection.  The peripheral phenotype of 

tolerant allograft recipients (defined as having stable graft function greater than one 

year without immunosuppression) has previously been investigated and these patients 

have been found to have higher circulating CD19+ B-cells compared with patients 

taking immunosuppression.  It is however difficult to discern whether this difference is 
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due to the presence or absence of immunosuppression, which can affect peripheral B-

cells, or whether it is a function of a ‘tolerant phenotype’.246 Low circulating peripheral 

B-cells have been documented in cases of active allograft rejection and could 

represent B-cell infiltration into the graft.    

 

4.2.3.1.4 DEVELOPMENT OF DSAS 

In alemtuzumab patients, although a low 3-month T1:T2 ratio was associated with 

subsequent rejection episodes during the follow up period, it was surprising that the B-

cell phenotype was not associated with the development of de novo HLA antibodies or 

de novo donor specific antibodies.  A possible explanation for this is the nature of how 

DSAs were reported.  The standard laboratory practice reports pre-transplant HLA 

antibodies using a combination median fluorescent intensity (MFI) > 2000 and relative 

strength defined by the reaction score.  However, post-transplant, DSAs are only 

tested for if there is clinical concern, and a more cautious threshold is applied with all 

DSAs >1000 MFI considered positive.  This strategy was followed for the analysis of 

ALBERT study patients, which had the possibility of over calling the presence of DSAs 

post-transplant, especially as serum samples were tested at set timepoints according 

to the study protocol between 3-18 months, irrespective of the clinical picture.  The 

incidence of de novo DSAs reported in the current literature varies, but ranges 

between 2-10% for the first year post renal transplantation.247–251  In this study, de 

novo DSAs were found in 16% of alemtuzumab patients, and 21% of basiliximab 

patients, supporting the hypothesis that the threshold for positivity was set too low.  

The DSA data would need reanalysing using different thresholds, together with a 

review of all the antibody data sets in each patient’s screening history to determine an 

optimum threshold.  This was not feasible for the purposes of this thesis. 

 

4.2.3.1.5 RECURRENT PROTEINURIA 

Recurrent proteinuria alone was the most frequently occurring endpoint in both 

cohorts.  This was defined as the urine protein-creatinine ratio > 50mg/mmol on two 
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or more occasions.  As consistent trends in the B-cell phenotype were not observed 

across the different timepoints, and as there were several possible causes for the 

development of proteinuria, it was difficult draw firm conclusions with respect to the 

at-risk B-cell phenotype.  In the Alemtuzumab cohort, high 3-month %memory cells 

(>1.185%) and a low 6-month T1:T2 ratio were associated with an increased risk of 

developing recurrent proteinuria.  However, when patients who were thought to have 

developed proteinuria due to non immune-mediated processes were removed from 

this analysis, there was no statistically significant differences between the two groups 

(calculated and % gated) at 3 months.  At 6 months, a low T1:T2 ratio remained a risk 

factor for developing recurrent proteinuria after patients with possible non-immune 

mediated causes of proteinuria were removed from analysis.  As proteinuria has been 

associated with reduced graft survival and with allograft rejection, it was unsurprising 

to see that a low T1:T2 ratio was associated with all 3 outcomes in the alemtuzumab 

cohort.  

 

In the Basiliximab cohort, recurrent proteinuria was associated with increased 

calculated B-cells, including elevated CD19+CD27-IgD+ naïve cells at the 6-month 

timepoint.  Although these results were statistically significant, only 4 events occurred 

in this cohort, making it difficult to draw firm conclusions.   

 

A limitation with this study was that c-reactive protein was not routinely measured at 

each clinic appointment.  As urinary tract infections are common early post-transplant, 

there was a possibility that the definition of UPCR >50 on two or more occasions would 

capture patients with recurrent urinary tract infections.  It is possible that active UTIs 

may change the peripheral B-cell phenotype; one patient with recurrent proteinuria in 

the alemtuzumab cohort had features associated with a bacterial urinary tract 

infection on an indication biopsy.  Serial blood pressure readings, c-reactive protein 

and HbA1c levels would be helpful to collect in any further analysis of proteinuria.      
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Renal Function 

No associations were noted with  the B-cell subsets and renal function in the 

basiliximab group. However, at 3-months, on univariate analysis, calculated class 

switched memory B-cells were correlated with eGFR yet %transitional B-cells were 

inversely correlated with eGFR.  When corrected for delayed graft function, cold 

ischaemia time and tacrolimus levels, no association was noted between transitional 

B-cells and eGFR, however calculated class switched memory B-cells remained 

correlated with eGFR.  Additionally at 6 months, correcting again for tacrolimus levels 

and previous (3-month eGFR), overall calculated B-cells, including naïve and memory 

(non-switched and class switched) were correlated 6-month eGFR.  No statistically 

significant associations were seen with %gated subsets.  This finding is surprising and 

not in keeping with current literature.  It could be explained the inaccuracies 

associated with using calculated values, which will be discussed further in the 

limitations section.  Alfaro et al tracked B-cell subsets post transplantation and 

performed standard statistical analyses as well as cluster analyses to determine 

markers associated with outcome.  They found on standard statistical analyses that 

from 3 months post transplantation, transitional B-cells were correlated with eGFR, 

and class-switched memory cells were inversely correlated with eGFR.236  Although not 

directly built into their analysis, they investigated the incidence of delayed graft 

function (DGF), and patients with the highest tertile of class switched memory B-cells 

also had the highest incidence of DGF.  In the ALBERT cohort, DGF, length of cold 

ischaemia time and tacrolimus levels were considered when assessing 3-month data.  

For 6-month data, tacrolimus levels and previous eGFR were considered.  When Alfaro 

et al performed a cluster analysis of B-cell phenotype on the same patients, they 

determined that low transitional B-cells and high plasma cells were associated with 

reduced renal function.236  

 

4.2.3.2 FOR CAUSE BIOPSY 
The B-cell surface phenotype in patients who were offered a late ‘for cause’ biopsy 

were then assessed.  These patients were included in the analysis if they were at least 
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1 year post-transplant to avoid any differences that may occur with B-cell repopulation 

after alemtuzumab induction.  The median time to biopsy in this cohort was 3 years 

post-transplant.  Fifty percent of this cohort received alemtuzumab as an induction 

agent, and 14% basiliximab.  The remaining 33% were recorded as ‘unknown induction 

agent’.  Based on the date of transplantation, it is likely that they did not receive any 

induction.  Although there were no statistically significant differences in % transitional 

B-cells obtained between the R and NR groups, low levels of CD24+++CD38+++ T1 cells, 

which have previously been demonstrated to have the most regulatory capacity 124,141 

at the time of biopsy was associated with an increased risk of rejection.  This low % 

gated T1 resulted in a lower T1:T2 ratio, and receiver operator curves successfully 

classified patients into rejection and no-rejection groups using a T1:T2 ratio cut-off of 

0.2, with a sensitivity of 90%, specificity 82%, area under the curve 0.7893, p= 0.0215.  

Furthermore, a low T1:T2 ratio <0.175 was associated with a reduced 5-year survival, 

with a hazard ratio of 7.26, p=0.014 on univariate analysis.  When patients with high 

T1:T2 ratios >0.175 and low T1:T2 ratios < 0.175 were compared, there were no 

statistically significant differences in the type of induction agent.  Cherukuri et al noted 

a similar finding in a cohort of consecutive patients who were offered a biopsy in the 

setting of a troubled graft.  Using a T1:T2 ratio value <0.17, they were able to identify 

patients who were at risk for allograft deterioration, which they defined as a 2-fold 

reduction in eGFR or dialysis dependency in the subsequent 5 years.141  Although the 

median time to biopsy in their cohort was 99 months (standard deviation 64 months), 

their cohort included patients who received both alemtuzumab and basiliximab 

induction, in similar frequencies.  Therefore, they were able to conclude that a low 

T1:T2 ratio in a troubled graft was predictive of clinical outcomes irrespective of 

induction agent.141   Other authors have demonstrated that lower absolute numbers 

and frequencies of transitional B-cells are associated with a reduced rejection free 

survival, however these patients were assessed early post-transplant.233,240   

 

One biopsy patient was diagnosed with Banff Category III (borderline/suspicious for 

TCMR).  This patient had a transitional B-cell phenotype that was similar to patients in 

the rejection group.  Furthermore, he lost his graft during subsequent follow up.  
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Although this is an example of one case, and firm conclusions cannot be drawn from 

this data, it would be interesting to study the transitional B-cell phenotype in a group 

of borderline cases to see whether it could help risk stratify patients for graft loss. 

 

4.2.3.3 LIMITATIONS 
This study has several limitations which will influence the conclusions drawn: 

 

Patient numbers, enrolment, and timing of first sample 

Patients enrolled in the prospective ALBERT study had their first review 3 months after 

transplantation.  This was to allow the peripheral repopulation of B-cells following 

alemtuzumab induction to a level that enabled assessment using flow cytometry.161  

This set timing had its limitations in that early rejection episodes were missed in both 

groups.  In some cases, depending on patient factors, the first time point had to be 

excluded as the frequency of B-cells was too low for assessment.  As discussed above, 

low peripheral B-cells have been associated with poorer outcomes following 

transplantation, possibly due to the reduced frequency of immunoregulatory cells; in 

the ALBERT alemtuzumab cohort, low % B-cells at 3 months was associated with an 

increased risk of meeting the composite endpoint.  Similarly, patients with very low 

transitional B-cell populations would be excluded from the assessment of T1 and T2 

subsets due to the inherent inaccuracies with gating.  This study has shown that 3-

month B-cell frequency (defined as a percentage of the lymphocyte gate) was 

associated with reaching the composite endpoint (increased in Basiliximab, and 

decreased in alemtuzumab), therefore excluding patients with low B-cells will 

introduce bias to the data.  

 

To reflect the type of patients that would be managed in a transplanting centre, 

consecutive patients were approached to participate in the study.  This included 

patients who had previously received multiple transplants, and those who may have 

received immunomodulatory therapies prior to transplant for treatment of their native 

kidney disease.  These previous treatments may have a long-term effect on their 
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peripheral B-cell phenotype and could partially explain why some findings in this 

cohort are different to those documented elsewhere.  A time of offer or pre-transplant 

sample would be useful to have as a baseline comparator. 

 

The use of ‘for cause’ biopsies 

Patients were offered a biopsy if there was unexplained deterioration in allograft 

function, or the development of persistent proteinuria.  As up to 30% of surveillance 

biopsies performed within the first post-transplant year can demonstrate findings 

consistent with subclinical rejection, it is possible that several patients in the 

prospective study cohort were misclassified, thus affecting the utility of the different 

surface B-cell phenotypes as biomarkers of outcome in prospective patients, especially 

as both subclinical TCMR and ABMR have been associated with reduced graft survival. 
252–255  Similarly, the group 2 study patients had their B-cell phenotype assessed only at 

the time of a for cause biopsy, thus introducing a selection bias. 

 

Duration of follow-up  

The median graft survival for a renal allograft from a deceased donor is approximately 

15 years, whereas the median follow-up for the prospective study was 1701 days.  It is 

acknowledged that not all events will have occurred during this assessment period.  An 

attempt was made to address this by using a pre-defined composite endpoint which 

incorporated other clinical features that have been associated with decreased allograft 

survival.  It will be useful to repeat an assessment of clinical outcomes in the future to 

see if the conclusions made here are applicable to long term outcomes.  It is important 

to note that during the period of follow up, in some cases, reflecting patient specific 

circumstances, the maintenance immunosuppression regimes were amended.  At the 

18-months follow up, only 69% of the alemtuzumab and 86% of the basiliximab cohort 

remained on the same immunosuppressive agents that they were prescribed on 

discharge following their transplant potentially influencing the B-cell phenotype.   
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Assessment of individual B-cell subsets 

Although some signals of poor allograft outcome associated with individual B-cell 

subsets were noted, it is important not to review these results in isolation.  Alfaro et al 

for example performed cluster analyses on normalised frequencies of different B-cell 

subsets obtained at varying time points post-transplant.  They identified different B-

cell signatures that were associated with reduced eGFR at the time of sampling, 

together with an increased risk of allograft rejection within the first post-transplant 

year.236   Larger patient population with complete datasets will be required to perform 

this type of analysis.  It will also be important to assess B-cells within the context of 

other cells within the immune system.  Whilst multiple serial measurements of the B-

cell phenotype in the prospective patients were performed, replicate analyses were 

not performed at each timepoint.  This will need to be performed in the future to 

assess repeatability, inter-user and inter-assay variability, and confirm at risk 

thresholds should this be introduced as a routine assay.  Assessment of peripheral 

blood may not necessarily reflect the B-cell dynamics within the graft.  Staining an 

extra core of tissue for B-cells and subsets following allograft biopsy may provide 

additional information. 

 

Flow cytometric analysis of B-cells 

Analysing flow cytometry plots can be subjective. Especially in cases where there are 

few events (for example B-cells early post-transplant, or analysis of transitional 

subsets), precise gating is important, otherwise this can lead to inaccuracies.  An 

attempt was made to minimise these inaccuracies by ensuring that at least 30000 

CD19+ events were acquired.  Flow plots were excluded from analysis if there were less 

than 2% B-cells of the lymphocyte gate as it was felt that there would be too few 

events to confidently gate individual subsets.  Samples that had <5% B-cells of the 

lymphocyte gate underwent further scrutiny to ensure enough events were available 

within each subset prior to inclusion in the analysis.  Analysis of flow plots was 

performed by a single user in an unbiased manner using templates obtained from 

healthy volunteers, and in the case of transitional cells, using a ratio of 25% T1 to 75% 

T2 as previously described.141   Additionally, CD10 and IgM expression was used to 
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confirm placement of the T1/T2 gates.  A consistent finding in this study was that 

transitional B-cells were elevated in patients who had evidence of rejection (either at 

the time of, or subsequent to sampling.  This is not in keeping with the current 

published literature.  Whilst there could be other mechanistic or biological 

explanations for this, there are other potential explanations related to the technical 

aspects of flow cytometry: 

- As described above, patients were excluded from analysis if there were 

insufficient B-cells events.  This could lead to a sampling bias where patients 

exhibiting a phenotype that may be associated with less favourable outcomes 

were systematically excluded.   

- The gating strategy used – some groups will exclude CD27+ cells prior to the 

analysis of CD24 and CD38 expression to determine the transitional B-cell 

population.  A decision was made not to follow this strategy for the surface 

phenotype as CD27 could not be included in the intracellular panel.  The 

reasoning behind this was to ensure consistency between the two gating 

strategies (surface and intracellular) to allow for direct comparisons. 

Although gating and analysis was performed by a single user in an unbiased manner 

using additional markers, not all regulatory B-cells may have been captured.  

Introducing other surface markers that are associated with IL-10 capacity, for example 

CD9, (which will be discussed in chapter 5: Investigating CD9 As a potential marker of 

Regulatory B-cells), may be helpful adjuncts to the gating strategy. 

 

The assessment of subsets as a percentage of parent gate and calculated number 

Due to the reconstitution of the B lymphocyte population following depletion with 

alemtuzumab induction, B-cell subsets were assessed both as a percentage of the 

parent gate and calculated numbers.  Calculated numbers were derived by measuring 

the subsets against the lymphocyte count obtained from the matched full blood count.  

It is acknowledged that this method of calculating numbers does have inbuilt 

inaccuracies.  The optimal method for determining absolute counts would have been 

to use for example the Trucount tube (BD biosciences) which allows for accurate 

measurement of different lymphocyte subsets by including a set number of test beads 
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per tube.  However, this test would have added a further £144 per sample tested, 

which was cost prohibitive.  

 

In conclusion, the analysis of the B-cell phenotype early post-transplant following 

alemtuzumab induction and in recipients with a troubled graft have highlighted that 

changes in transitional B-cells, and a reduced T1:T2 ratio, signalling the reduction of 

CD24+++CD38+++ T1 cells which are thought to have the highest regulatory potential, 

may be important markers in determining the increased risk of allograft rejection and 

subsequent graft loss.  Furthermore, the changes within the memory B-cell subset may 

also provide signals suggestive of less favourable allograft outcomes which will warrant 

further investigation.  Univariate analyses were performed in the majority of cases, 

however there will be other factors apart from the B-cell phenotype that will affect 

outcomes.  Multivariate analyses and therefore a larger test population will be 

required to further assess these clinical factors.   
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5 INVESTIGATING CD9 AS A POTENTIAL MARKER OF REGULATORY B-

CELLS 

5.1.1 INTRODUCTION 

In humans, a regulatory phenotype has been described in different B-cell subsets in 

models of both alloimmunity and autoimmunity (Table 1.2).  Although there is 

currently no specific marker (transcriptional or cell surface) for B Regulatory cells 

(Bregs), it is accepted that Bregs typically produce IL-10, and it is through the effects of 

IL-10 on other cells that Bregs exert their regulatory effects.94,95,132  In addition to IL-10 

secretion, B regulatory capacity can also be determined by assessing the relative 

production of regulatory to pro-inflammatory cytokines (IL-10:TNF-α ratio).124   

 

A potential novel marker of regulatory B-cells Is CD9, a member of the tetraspanin 

family.  It is expressed on hematopoietic stem cells and most subsets of leucocytes as 

well as at high levels on endothelial cells.  Through interaction with other tetraspanin 

molecules and tetraspanin-enriched microdomains (TEMS), CD9 has been shown to 

influence multiple cellular mechanisms including cell differentiation, signalling, 

migration, adhesion, and motility.256–258  CD9 expression has also been associated with 

IL-10 secretion in antigen presenting cells in both murine and human models.259  

 

CD9 was first highlighted as a potential marker of Bregs by Sun et al following the 

transcriptomic analysis of IL-10+ and IL-10- murine B-cells.  CD9+ expression was 

associated with IL-10 secretory capacity, and these CD9+ B-cells were more efficient at 

suppressing T-cell proliferation compared with CD9- B-cells in vitro.260  In a murine 

model of asthma, reduced CD9+ IL-10 producing B-cells were associated with increased 

airway hyperresponsiveness, and these features of asthma resolved following the 

adoptive transfer of CD9+ B-cells.261   

 

In humans, patients with severe asthma were found to have reduced CD9+CD19+ 

cells.259  In the field of transplantation, higher CD9 expression is prominent in the 

transitional CD24+CD38+ B-cell population.262  Following lung transplantation, patients 
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with increased numbers of CD19+CD9+CD24+CD38+ cells were less likely to develop 

bronchiolitis obliterans, the most common feature of chronic immune-mediated lung 

allograft dysfunction.263  Finally, CD24hiCD38hi transitional B-cells in renal transplant 

patients with stable graft function were shown to express CD9.262  

 

Therefore, CD9 was investigated as a potential marker for Bregs in the ALBERT study.  

In renal allograft recipients, the relative surface expression of CD9 across the various B 

subsets was compared.  Subsequently, the IL-10:TNF-α ratio was determined for CD9+ 

and CD9- B-cells following stimulation with CD40L, CPG, PMA and Ionomycin as 

described in section 2.12: PBMC stimulation for intracellular staining. 

 

5.1.2 RESULTS 

5.1.2.1 SURFACE CD9 EXPRESSION VARIES ACROSS THE B SUBSETS 
 

The surface expression of CD9 was tested in 97 ALBERT study samples.  Thirty-one 

samples were excluded from the analysis due to insufficient numbers of B-cells (<1% B-

cells).  One sample was excluded as it was not possible to confidently gate around each 

B-cell population despite obtaining sufficient B-cell events.  Sixty-five samples were 

therefore included in the final analysis, with a median time to sampling of 112 days 

from transplantation (range 7-381 days). 

 

Whole blood (300µl) was stained with monoclonal antibodies as described in section 

2.10 to detect the surface expression of CD19, CD9, CD24, CD38, CD27, IgD, IgM and 

CD10.  The following gating strategy (Figure 5.1) was used to assess CD9 expression on 

CD19+ B-cells and B-cell subsets.  The CD9+ gate was placed using an isotype control. 
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Figure 5.1. Gating Strategy to determine surface CD9 expression 
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Figure 5.1 Gating Strategy to determine surface CD9 expression – continued: 

Whole blood was stained with monoclonal antibodies as described in section 3.10.  

B-cells were identified from the lymphocyte gate using CD19 expression.  CD24 and 

CD38 expression were used to differentiate the B-cell subsets: Plasmablasts (P): 

CD19+CD27hiCD38hiCD24-, Memory: CD19+CD24+CD27+CD38-, Naïve: 

CD19+CD24+CD38+CD27-IgD+, T1 CD19+CD24+++CD38+++, T2: CD19+CD24++CD38++. CD9 

expression was determined within each subset.  Representative plots are included 

from A) Healthy Volunteer (age 31), B) Basiliximab induction (3m post-transplant, 

recipient age 28 years), C) Alemtuzumab induction (3m post-transplant, recipient age 

59).  Although not shown in this figure, the CD9 positive gate was placed using an 

isotype control. 

 

The proportion of cells expressing CD9 was significantly different across the B-cell 

subsets, (p<0.0001, Figure 5.2c).  Multiple comparisons with adjusted p values showed 

that there were no significant differences between CD9 expression in the memory and 

naïve subsets, however the proportion of cells expressing CD9 were significantly higher 

in the CD24hiCD38hi transitional populations, with the highest proportion of cells 

expressing CD9 in the CD24+++CD38+++ T1 population.  Similarly, the median fluorescent 

intensity (MFI) obtained from CD9+ cells was different across the B-cell subsets, with 

increased fluorescent intensity seen in the more immature B-cell subsets (naïve and 

transitional).  The CD9+ cells demonstrating the highest fluorescent intensity were the 

CD24+++CD38+++ T1 cells (p<0.0001, Kruskall Wallis with Dunns multiple comparisons, 

Figure 5.2d).  The percentage of CD9 positive cells and the fluorescent strength of CD9 

expression obtained from the different B-cell subsets can be seen in Table 5.1 and 

Table 5.2.  Here it is observed that CD9 expression is highest within the CD24hiCD38hi 

transitional B-cell population, which have previously been demonstrated to have 

significant regulatory activity.124,140,141   
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Figure 5.2. Surface Expression of CD9.  Whole blood samples were stained using the panel described in Table 2.9 to assess CD9 

expression across different B subsets. 
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Figure 5.2. Surface Expression of CD9 continued: 

A) Representative scatter plots demonstrating CD9 expression across Memory (M), Naïve (N), T2, and T1 subsets compared with the 

isotype control.  B) Representative overlay graph demonstrating the relative difference in CD9 expression using median fluorescent 

intensity (MFI) across M, N, T2 and T1 cells. The representative patient for A) and B) is a 47-year-old ALBERT group 2 patient who 

received a for cause biopsy 3 years post transplantation/Alemtuzumab induction.  C) Cumulative scatter plots of 65 ALBERT 

prospective study samples (median time to sampling 112 days from transplantation, 20% Basiliximab induction, 80% alemtuzumab 

induction) comparing the proportion of CD9+ cells demonstrated within each B subset. D) Cumulative scatter plots comparing the CD9 

expression (MFI) across the different B subsets in the same 65 ALBERT prospective study samples.  Subsets were compared using the 

Kruskal-Wallis test followed by the Dunns multiple comparisons test to compare the mean rank difference of each group.  **** 

denotes a p value <0.0001.   
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B-cell subset % expressing CD9 IQR 

Memory 

(CD24+CD38-) 
8 5.105 

Naïve 

(CD24+CD38+) 
10.9 12.64 

T2 

(CD24++CD38++) 
33.5 23.5 

T1 

(CD24+++CD38+++) 
75.8 19.13 

Table 5.1. CD9 expression (%gated) in different B-cell subsets.  

 

 

 

 

 

 

B-cell subset MFI (median) IQR 

Memory 

(CD24+CD38-) 
1.09 0.295 

Naïve 

(CD24+CD38+) 
1.47 0.645 

T2 

(CD24++CD38++) 
2.48 1.71 

T1 

(CD24+++CD38+++) 
8.55 5.3 

Table 5.2. CD9 Expression (fluorescent strength measured by 

MFI) on different B-cell subsets.   

MFI – median fluorescent intensity  
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5.1.2.2 CD9 EXPRESSION DECREASED FOLLOWING STIMULATION WITH 
CD40L/CPG IN B-CELLS. 

Having demonstrated increased CD9 expression in transitional B-cells, the next step 

was to investigate whether CD9 could be a useful marker of B-cells with regulatory 

capacity.  PBMCs isolated from 178 ALBERT study samples (median time from  

transplantation 197 days, range 76-449 days, 32% basiliximab induction, 68% 

alemtuzumab induction) were stimulated with CPG, CD40L, PMA and ionomycin as 

described in section 2.12 PBMC stimulation for intracellular staining.  A separate 

‘control’ well was set up alongside each ‘test’ well where PBMCs were incubated 

unstimulated in plain B-cell culture media.  It was noted that the percentage of B-cells 

expressing CD9 decreased following stimulation with CD40L/CPG/PMA/ionomycin 

compared with the unstimulated controls (mean of differences 11.47, p<0.0001, 

paired t test, Figure 5.3).  This suggests that CD9 expression can be influenced by 

culture conditions.  A similar phenomenon was noted when cells from a healthy 

volunteer was stimulated.  CD9 was expressed by 7.71% of resting B-cells, however 

this reduced to 5.01% following stimulation.  In a second healthy volunteer, 30% of B-

cells expressed CD9 following stimulation with PMA/Ionomycin only, however, this 

reduced to 19.24% after stimulation with CPG/CD40L/PMA/ionomycin.     

 

Despite this overall reduction in CD9 expression, the distinct B-cell subsets following 

stimulation could still be differentiated by the relative expression of CD9 (Figure 5.4A).  

PBMCs isolated from 265 ALBERT study samples (median time from  transplantation 

327 days, range 16-4561 days, 31% basiliximab induction, 69% alemtuzumab 

induction) were stimulated with CPG, CD40L, PMA and ionomycin as described in 

section 2.12 PBMC stimulation for intracellular staining.  T1 cells expressed the highest 

level of CD9 (mean MFI 8.028), followed by T2 cells (mean MFI 2.059, p<0.0001).  

Furthermore, gating on the CD9+ transitional B-cells increased the T1:T2 ratio when 

compared with all TrBs (median ratio in CD9+ cells 0.4254 vs median ratio of all TrBs 

0.2431, p<0.001, Figure 5.4B).   
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Figure 5.3. Comparison of cell surface CD9 expression on B-cells (unstimulated and 

stimulated) following 24-hour incubation. 

Samples were obtained from 178 ALBERT study samples (median time from  

transplantation 197 days, range 76-449 days, 32% basiliximab induction, 68% 

alemtuzumab induction) PBMCs were cultured for 24 hours.  Unstimulated (US) cells 

were incubated in plain B-cell media.   Stimulated cells (Stim) were cultured with 

CPG and CD40L.  Brefeldin A, monensin, PMA and ionomycin were added for the last 

5 hours of culture.  The percentage of CD9+ B-cells are shown, together with the 

mean and standard deviation.  
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Figure 5.4. Surface expression of CD9 following stimulation with CPG/CD40L. 

Samples were obtained from 265 ALBERT study patients (median time from 

transplantation – 327 days, range 16-4561 days, 31% basiliximab induction, 69% 

alemtuzumab induction).  Comparison of A) CD9 expression (median fluorescent 

Intensity) across different B-cell subsets and B) the T1:T2 ratios obtained from all 

transitional B-cells and CD9+ transitional B-cells.  Isolated PBMCs were cultured in 

CPG and CD40L for 24 hours.  Brefeldin A, monensin, PMA and ionomycin were 

added for the last 5 hours of culture. Individual values are shown, together with the 

median and interquartile range.  Groups were compared using the Wilcoxon 

matched-pairs signed rank test.  **** denotes a p-value <0.0001. 

5.1.2.3 CD9 EXPRESSION IS ASSOCIATED WITH AN INCREASED REGULATORY 
POTENTIAL 

Following stimulation with CPG, CD40L, PMA and ionomycin, the regulatory potential 

was determined by assessing the percentage of IL-10 producing cells, and by 

calculating the IL-10:TNF-α ratios obtained from each B-cell subset (Figure 5.5).  The 

more immature B-cell subsets displayed increased regulatory potential, and the T1 

subset had the highest proportion of IL10+ cells (T1 vs T2 mean rank difference 93.86, 

p=0.0004, T1 vs Naïve mean rank difference 144.7, p<0.0001, T1 vs memory mean rank 

difference 237.3, p<0.0001).  Similarly when the regulatory potential was assessed 
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using the IL-10:TNF-α ratio, T1 cells were found to have the highest ratio (Mean rank 

difference: T1 vs T2 140.9, p<0.0001, T1 vs Naïve 281.6, p<0.0001, T1 vs memory 

399.5, p<0.0001, Figure 5.5). This is in keeping with previous findings.124 

 

The expression of CD9 was then compared with regulatory capacity (Figure 5.6). Gating 

on CD9+ cells within each subset increased the % of IL-10 producing cells when 

compared with the overall subset.  Gating on CD9+ cells also increased the IL-10:TNF-a 

ratio compared to the ratio obtained from the overall subset (Median of differences in 

the IL-10:TNF-a ratio: CD24+CD38- Memory – 0.04759, p<0.0001, CD24+CD38+ Naïve – 

0.52, p<0.0001, CD24++CD38++T2 – 0.1118, p<0.0001, CD24+++CD38+++T1 – 0.3003, 

p<0.0001).  These experiments show that cells expressing CD9 have an increased 

regulatory potential demonstrated by increased IL-10 production, and a skew towards 

a more regulatory cytokine profile measured by the IL-10:TNF-α ratio. 
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Figure 5.5 Transitional Cells have increased regulatory capacity.  

Samples were obtained from 265 ALBERT study patients (median time from 

transplantation – 327 days, range 16-4561 days, 31% basiliximab induction, 69% 

alemtuzumab induction).  PBMCs were isolated and stimulated with CPG and CD40L 

for 24 hours. PMA, ionomycin, brefeldin-A and monensin were added for the last 5 

hours of incubation.  Cells were then stained using the antibody panel described in 

Table 2.10 to determine the regulatory capacity defined by A) % cells expressing IL-

10 and by the B) IL-10:TNF-a ratio in each subset.  Individual values, median and 

interquartile ranges are depicted.  Comparisons were made using the Kruskal Wallis 

test with Dunns multiple comparisons test, using T1 as the control group.   
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Figure 5.6. CD9 expression is associated with increased regulatory capacity.   

Samples were obtained from 265 ALBERT study patients (median time from 

transplantation – 327 days, range 16-4561 days, 31% basiliximab induction, 69% 

alemtuzumab induction).  PBMCs were isolated and stimulated with CPG and CD40L 

for 24 hours. PMA, ionomycin, brefeldin-A and monensin were added for the last 5 

hours of incubation.  Cells were then stained using the antibody panel described in 

Table 2.10 to determine the regulatory capacity defined by IL-10 and by the IL-

10:TNF-a ratio in each subset.  The top panel compares the the % of IL-10 positive 

cells obtained from all cells in each B-cell subset with the % of IL-10 positive cells 

obtained from the CD9+ cells within that subset.  The bottom panel shows the IL-

10:TNF-a ratios obtained from all cells in each B-cell subset compared with the ratios 

obtained from the CD9+ cells within each subset.  A) CD24+CD38- Memory B) 

CD24+CD38+ Naïve C) T2 D) T1.  The bar charts demonstrate the median values and 

interquartile range for each group.  Comparisons were made using the Wilcoxon 

matched-pairs signed rank test.   

 

Although CD9+ cells displayed a more regulatory phenotype (increased IL-10 
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marker for Bregs because CD9 expression did not capture all IL-10 producing cells (see 

Figure 5.7). 

 

 
Figure 5.7. CD9+ expression does not capture all IL-10 producing cells. 

PBMCs were isolated and stimulated with CPG and CD40L for 24 hours. PMA, 

ionomycin, brefeldin-A and monensin were added for the last 5 hours of incubation.  

Cells were then stained using the antibody panel described in Table 2.10 to 

determine the regulatory capacity defined by IL-10 and by the IL-10:TNF-a ratio in 

each subset.  These representative plots (obtained from a 47 year old ‘For Cause’ 

Biopsy patient, who had blood sampling 3 years post transplantation/alemtuzumab 

induction) show the % cells expressing IL-10 and TNF-α.  In this patient sample,  4% 

of CD9+ cells express IL-10, yet 2% of CD9- also express IL-10.   
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5.1.2.4 UTILITY OF CD9 EXPRESSION AS A BIOMARKER OF CLINICAL OUTCOME 
The utility of measuring CD9 expression as a biomarker of graft survival in the 5 years 

following a late ‘for cause biopsy’ was then tested.  Eleven ‘Group 2’ patients 

(described in section 4.2.1.3) had their B-cell subsets characterised together with CD9 

expression using flow cytometry on the day of biopsy.  Patients who lost their graft 

over the follow up period were found to have a lower CD9+ T1:T2 ratio than patients 

who did not lose their graft (median ratio 2.078 graft survival vs 1.812 graft loss, 

p=0.0815), however this difference was not statistically significant.  No other 

differences were noted between the two groups with respect to CD9 expression, 

however overall patient numbers were small and firm conclusions could not be made. 

5.1.2.5 SUMMARY OF FINDINGS 
CD9 expression was increased in the transitional B-cell population, with the highest 

expression observed within the CD24+++CD38+++ T1 transitional subset.  The cells 

demonstrating high CD9 expression overlaps with the distribution of previously 

described Bregs.  Following the stimulation protocol for regulatory B-cells, a reduction 

in CD9 expression was seen compared with the unstimulated controls, bringing into 

question the stability of CD9 as a marker for B regs.  Nevertheless, following 

stimulation, CD9+ cells were associated with higher IL-10 production, and a higher IL-

10:TNF-α ratio compared with the overall subset suggesting a marker for B-cells with 

regulatory capacity.  CD9 however, did not capture all IL-10 producing cells.   

5.1.3 DISCUSSION 

A specific marker for human B regulatory (Bregs) cells remains elusive.  The hallmark 

feature of Bregs is their ability to produce IL-10, and these cells have been 

demonstrated in several human B-cell subsets.  In particular, the CD19+CD24hiCD38hi 

transitional B-cell population have gained increasing interest as they have been found 

to contain higher frequencies of IL-10 producing cells and have been demonstrated to 

be increased in operationally tolerant renal allograft recipients.264   

 

This study of renal allograft recipients has found that cells expressing CD9 have a 

significant overlap with this CD19+CD24hiCD38hi population: CD19+CD24+++CD38+++ T1 
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cells and CD19+CD24++CD38++ T2 cells had the highest frequency of CD9 expressing 

cells, and these cells demonstrated the highest CD9 expression measured by median 

fluorescent intensity.  This finding was also observed by others: Bigot et al found a 

significantly higher frequency of CD9+ cells in the CD19+CD24hiCD38hi B-cells compared 

with CD24intCD38int and CD24+CD38- cells in the peripheral blood of healthy 

volunteers.262 Brosseau et al observed an association between CD9+ B-cells and the 

CD19+CD24hiCD38hi transitional B-cell phenotype, and these cells were reduced in the 

peripheral blood of patients with severe asthma compared with healthy volunteers.261  

Mohd Jaya et al tested human tonsillar cells and found the majority of CD24hiCD38hi 

transitional B-cells within CD9+ B-cells compared with CD9- B-cells.265  The transitional 

cell T1:T2 ratio has recently been suggested as a biomarker of renal allograft outcome, 

with a higher ratio >0.17 associated with subsequent graft stability in patients who 

received a late for cause biopsy at an average of 99 months following 

transplantation.141  This study demonstrates that gating on CD9+ transitional B-cells 

almost doubles the T1:T2 ratio compared with the T1:T2 ratio obtained from the 

overall transitional B-cell population, suggesting CD9 expression captures the 

transitional cells with the highest regulatory potential. 

 

As IL-10 production is the hallmark feature of regulatory B-cells, PBMCs were 

stimulated with CPG/CD40L/PMA/ionomycin to activate regulatory cells.  Following 

stimulation, CD9+ cells were found to be associated with increased regulatory capacity 

defined by increased IL-10 production.  B-cells can produce both pro-inflammatory and 

regulatory cytokines, therefore Bregs can also be defined using the IL-10:TNF-α ratio, 

with a high ratio correlating with a skew towards increased regulatory capacity.124  

Here, it has been demonstrated for the first time that CD9 expression in B-cell subsets 

is associated with an increased IL-10:TNF-α ratio.  However, it was noted that CD9 was 

not a fully inclusive marker of Bregs as gating on CD9+ did not capture all IL-10 

producing cells.  Similar results have recently been published by Bigot et al who found 

that although CD24hiCD38hi TrBs expressed CD9, CD1b and ICOS-L, IL-10+ cells were 

only enriched in CD24hiCD38hi cells expressing CD1b and ICOS-L.262 In a study of 
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operationally tolerant liver recipients, only 38-85% of IL-10 producing cells were CD9 

positive.266  

 

Interestingly, in vitro stimulation of B-cells using CPG/CD40L/PMA/ionomycin was 

associated with a reduction in CD9 expression compared with unstimulated B-cells 

(Figure 5.3).  This was not noted in murine studies, although LPS was frequently used 

to activate Bregs instead of CD40L, and the duration of the assay was significantly 

shorter (5 hrs compared with this study’s 24-hour protocol).260  A similar phenomenon 

was noted by Mohd Jaya et al who purified and sorted CD19+CD9+ and CD19+CD9- cells 

from human tonsil cells.  Following incubation with a CD40-agonist, anti-IgM and IL-2 

in the presence of mesenchymal cells for up to a week, they demonstrated that 

purified CD9- cells regained CD9 expression (up to 40%) whereas CD9 was 

downregulated in the purified CD9+ cells (by up to 70%).265  Brosseau et al however 

have reported an association between CD9 expression and IL-10 production, and have 

validated CD9+ B-cell frequency as a predictive marker of lung allograft stability.263   

Their protocol only included stimulation of cells with PMA and ionomycin for 5 hours. 

These findings show that CD9 expression can be influenced by culture conditions, and 

therefore may not be a stable marker for Bregs.  Further investigation will be required 

to characterise the effect of different Breg activation protocols on CD9 expression.  

Mechanistically, it would also be interesting to investigate whether blocking CD9 with 

a neutralising antibody would affect IL-10 production. 

 

After demonstrating an overlap between CD9 expression and transitional B-cells, 

together with increased regulatory capacity using the IL-10:TNF-α ratio, CD9 

expression was investigated as a marker of outcomes in patients who had a for cause 

biopsy. Although, as described in the previous chapter, a low overall T1:T2 ratio was 

associated with evidence of rejection on biopsy, and an increased risk of graft loss in 

the subsequent 5 years, there was no association between CD9 expression and clinical 

outcomes.  This was likely due to the small numbers in each group, limiting any firm 

conclusions.  Further prospective studies will need to be performed to answer this 

question.   
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To summarise, although CD9 is not an exclusive marker for Bregs, its expression is 

increased in the CD24hiCD38hi transitional B-cell population, a population that has 

been shown to have increased regulatory capacity.  An association between CD9 and 

increased regulatory capacity was demonstrated through increased IL-10 production 

and an increased IL-10:TNF-α ratio.  Further work will need to be performed to 

determine the prospective utility of CD9 expression as a biomarker of clinical 

outcomes. 
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6 DETERMINING THE PRESENCE OF ALLOREACTIVE B-CELLS IN THE 

PERIPHERY 

Circulating HLA antibodies are produced from two sources – long lived plasma cells 

that survive in bone marrow niches and circulating memory B-cells.   However, 

memory B-cells can be present in the circulation without declaring themselves through 

the production of antibodies.267  On re-exposure to their cognate antigen, they can 

rapidly proliferate and generate antibodies without the need for further T-cell help, 

potentially leading to early ABMR.  Obtaining a thorough sensitisation history is 

important to identify previous exposure to HLA that are not evident through routine 

screening, and some transplanting centres may wish to avoid repeat exposure with a 

new graft.  To truly understand the kinetics, and the full potential of the immune 

response to an allograft, peripheral memory B-cells will need to be interrogated in 

addition to routine serum screening.   

 

In transplant candidates, efforts are now being made to understand the phenotype 

and trafficking of alloreactive B-cells,268 and research groups are employing two 

broadly different methods to achieve this.  Firstly, membrane bound B-cell receptors 

on intact cells are identified using HLA tetramers (which are streptavidin-biotin 

complexes of four HLA molecules conjugated to a fluorochrome).  The tetramer-bound 

cognate B-cells can be visualised using flow cytometry, and additional surface markers 

can be used to differentiate subsets.269  Secondly, memory cells can be cultured in 

vitro, and differentiated into antibody secreting cells (ASCs).  The allospecific 

immunoglobulins (Igs) produced in the culture supernatant can then be quantified,270 

or the number of Ig secreting cells can be enumerated using an ELISpot assay.267,271   

 

These methods have their limitations, and it is increasingly accepted that a proportion 

of B-cells can recognise the non-HLA portions of the tetramer (including streptavidin-

biotin, and the fluorochrome itself),272–274 resulting in non-specific binding.  Collecting 

cell supernatant is sensitive and reflects the production of antibodies over the whole 

culture period.  However, it is difficult to determine the origin of each antibody 

specificity and assumes that the amount of antibody obtained is proportional to the 
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size of a single B-cell clone rather than the presence of multiple clones.  The ELISpot 

assay will only account for the number of HLA specific immunoglobulin secreting cells 

that are viable at the end of the culture period.274  One novel technique to assess 

alloreactive B-cells is to co-culture cells with single antigen beads (SABs), and 

quantitate the bead-bound cells using flow cytometry as described by Degauque et 

al.275  SABs are polystyrene beads that contain differing ratios of 2 fluorophores.  Each 

bead is coated with a different HLA molecule and configured in an array.  When 

excited by the red laser, this allows the reactivity to multiple HLA specificities to be 

assessed in one reaction and is currently used to screen for HLA antibodies in serum 

(Figure 2.2a).  This has the benefit over tetramers in that only the HLA antigens coating 

the bead surface are available for binding to the alloreactive cells.  Surface staining 

with antibody-conjugated fluorochromes prior to culturing with the SABs will allow the 

cell type, in addition to the HLA specificity to be identified and quantitated using flow 

cytometry.  Finally, a direct comparison can be made to the specificities obtained from 

the patient’s serum, as the same SABs are used. 

 

This chapter describes the preliminary experiments surrounding the development of 

two assays that could be implemented to determine identify B-cell memory for 

potential patients who have experienced a previous sensitising event.  A combination 

of two different techniques were used: 

• the non-specific stimulation of peripheral memory B-cells to ASCs as described 

by Lanzavecchia,270 followed by assessing the culture supernatant for the 

presence of HLA antibodies. 

• Binding of alloreactive B-cells to ONELAMBDA single antigen beads (SABs) to 

detect potential reactivity using a flow cytometer.  
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6.1 METHODS 

See Chapter 2: General Material and Methods 

2.4.3 – Assessment of HLA antibodies in serum or cell supernatant using ONELAMBDA 

Single Antigen Beads (SABs) 

2.5 – Patient recruitment to the ALBERT study 

2.10 – Cell Surface Staining - Surface B-cell Phenotype 

2.11 – PBMC Isolation and Storage 

2.16 – Calculations and Statistical Analyses 

6.1.1 METHOD 1 – THE NON-SPECIFIC STIMULATION OF PBMCS WITH 

R848/IL-2 

Freshly isolated PBMCs (1x106) were placed into 75ml culture flasks with 25ml RPMI-

10%FBS.  R848 (1µg/ml, Invivogen) and IL-2 (10ng/ml, Sigma Aldrich) were added, and 

cells were cultured for up to 12 days at 37°C, 5%CO2.  Control conditions were set up 

in parallel, where PBMCs were cultured in RPMI alone.   

After the required incubation time, cells and supernatant were harvested and 

centrifuged for 5 minutes at 400 x g to separate the supernatant from the cell pellet.  

The supernatant was decanted into an Amicon Ultra-15 Centrifugal filter device fitted 

with a 100Kda filter (Merck Millipore) and concentrated up to 100 times by 

centrifuging at 500 x g for 30 minutes.  Following this, the protein concentration of the 

supernatant was quantified using a Nanodrop spectrophotometer by measuring 

absorbance at 280nm. The supernatant was stored at -80°C.  The cell pellet was 

washed with ice-cold PBS-1%FBS, and then stained as described above using the 

fixable viability kit, followed by surface staining with monoclonal antibodies to assess 

the development of antibody secreting cells (Table 6.1. Monoclonal Antibodies used 

for cell surface staining following R848/IL-2 stimulation.). 
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Surface Staining Following R848/IL-2 Stimulation 

Monoclonal Antibody Clone Manufacturer Catalogue # Volume (µl) 

Fc Block  BD Pharmingen 564219 2 

Anti-Human CD24-FITC ML5 BD Pharmingen 555427 10 

Anti-Human CD25-PE M-A251 BD Pharmingen 555432 15 

Anti-CD27-PerCPeFluor710 LG.7F9 eBioscience 46-0271 1 

Anti-Human CD38-PECy7 HIT2 BD Pharmingen 560677 2 

Anti-Human CD138-APC DL101 BioLegend 352308 5 

Anti-Human CD19-APCeFluor780 HIB19 eBioscience 47-0199 1 

Anti-Human IgD-BV421 IA6-2 BD Horizon 562518 2 

Table 6.1. Monoclonal Antibodies used for cell surface staining following R848/IL-2 

stimulation. 

6.1.2 METHOD 2 – DEMONSTRATING THE PRESENCE OF ALLOSPECIFIC B-

CELLS USING SINGLE ANTIGEN BEADS (SABS) 

Freshly isolated PBMCs (1x106) were stained with the viability stain (LIVE/DEAD fixable 

violet dead cell stain kit, Invitrogen), and then incubated with Anti-Human IgD-BV421, 

Anti-Human CD27-PE, Anti-Human CD19-FITC and 2µl of Fc block (BD biosciences) for 

20 minutes in the dark at 4°C.  Cells were washed twice with ice-cold PBS-1%FBS and 

were incubated with 5µl of Class I or Class II SABs for 20 minutes in the dark at room 

temperature.  They were washed 3 times and fixed with PBS-3%formaldehyde prior to 

acquisition. 
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6.2 RESULTS 

6.2.1 METHOD 1: THE NON-SPECIFIC STIMULATION OF PBMCS WITH 

R848/IL-2 

6.2.1.1 IN VITRO DIFFERENTIATION OF B-CELLS INTO ANTIBODY SECRETING 
CELLS (ASCS) 

PBMCs were cultured with R848 and IL-2, using methods modified from previous 

authors.270,276  To determine the optimum culture duration, cell viability was 

determined at different time points.  The cell viability was higher with stimulated cells 

compared with unstimulated cells at all time points (data not shown).  With stimulated 

cells, viability decreased as the incubation time increased, and after 9 days of culture, 

it was not possible to identify different cell populations.  In addition to cell viability, the 

B phenotype was assessed.  Antibody secreting cells (ASCs, CD19+CD24-CD38hi), class 

switched memory cells (CD27+IgD-) and plasma cells, (CD19loCD27hiCD38hi and 

CD19loCD138+CD38+) were compared.  ASCs and plasma cells increased over the 9-day 

stimulation period, and the proportion of class-switched memory cells peaked at day 6 

(Figure 6.1A).  The results from 10 experiments were collated, and the proportion of 

ASCs peaked following 9 days of stimulation (Figure 6.1B) suggesting that 

phenotypically, the optimal culture duration was 9 days.   

 

Cell culture supernatant was collected and concentrated to test for the presence of 

HLA antibodies using SABs.  The concentration was assessed by measuring A280 

protein absorption using a nanodrop spectrophotometer.  This parameter was chosen 

as the culture media contained foetal bovine serum (FBS), and similar values would 

suggest a uniform concentration factor.  This allowed the antibody specificities to be 

standardised against the concentration of the supernatant.  The concentration of cell 

supernatant was not statistically significant between unstimulated and stimulated cells 

(difference between means: 0.7944 ± 1.725, p=0.6487, Figure 6.2).   
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Figure 6.1. Non-specific Stimulation of PBMCs with R848/IL-2 – Analysis of Surface 

Phenotype 

1x106 PBMCs were cultured with R848 and IL-2 for up to 12 days.  Following culture, 

the cells were surface-stained.  A) Representative scatter plots depicting the change 

in cell phenotype from Day 0 to Day 9. Antibody secreting cells (ASCs, CD24-CD38hi), 

and Plasma cells (CD38+CD138+) increase in number over 9 days of stimulation.  Class 

Switched memory cells (CD27+IgD-) peak at day 6.  B) Cumulative data from 10 

samples (2 healthy volunteers, 8 patients) which show the relationship between %-

gated antibody secreting cells and number of days of stimulation.  The %-gated 

antibody secreting cells peak at day 9. 
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Figure 6.2. Comparison of Cell supernatant concentrations 

PBMCs were incubated for up to 12 days in the presence of R848 and IL-2.  

Unstimulated PBMCs were cultured in RPMI alone.  The cell supernatant was 

harvested and concentrated up to 100 times using an Amicon centrifuge filter device.  

The concentration of the supernatant was tested by measuring the A280 protein 

absorption using a spectrophotometer.  The two culture conditions were compared 

using an unpaired t-test, with the individual values, mean and standard deviation 

shown. 

 

When the cell supernatant was concentrated to approximately 90mg/ml, antibody 

specificities could be identified after 3 days of culture; however, more antibody 

specificities were visible after 9 days of stimulation, and these were present at higher 

intensities (Figure 6.3b).  When compared against unstimulated cells, more HLA 

antibodies (measured by trimmed mean fluorescence) were obtained from the 

supernatant of stimulated cells compared with unstimulated cells at all time points 

(Figure 6.3b).   
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Figure 6.3. HLA antibody detection in cell supernatant following stimulation with 

R848 and IL-2. 

Amount of HLA antibody (median fluorescent intensity) detected in the supernatant 

of stimulated PBMCs obtained from 3 unsensitised healthy volunteers and 3 

sensitised patients.  B) Amount of HLA antibody (Trimmed Mean) detected in the 

supernatant of unstimulated and stimulated PBMCs. 

 

The cell supernatant obtained from 3 healthy unsensitised volunteers (HV) and 3 

sensitised wait list patients were then compared.  After 9 days of stimulation with 

R848/IL-2, sensitised patients were found to have more HLA antibodies in their cell 
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supernatant compared with healthy volunteers (HV: median MFI 0, IQR 0.4522, range 

0 – 35, SP: median MFI 0.3075, IQR 1.555, range 0 -2812 p<0.0001 [Figure 6.3a]). 

 

Some reactivity was noted in the unstimulated supernatants, albeit at lower 

intensities, which could represent either non-specific binding, or the production of 

antibodies by any ASCs that were present at the start of the culture period.  To correct 

for this, the MFI values obtained from the stimulated cell supernatant were 

normalised using the values obtained from the unstimulated cells as the negative 

control. 

6.2.1.2 DETERMINING THE POSITIVE CUT-OFF THRESHOLD FOR HLA 
ANTIBODIES IN CELL SUPERNATANT 

 

Initially, all normalised MFI values <0 were considered.  However, as the normalised 

MFIs obtained from healthy unsensitised volunteers ranged from 0 – 35, the cut off 

was adjusted to twice the upper limit of normal, or 70 MFI.  The local measurement 

uncertainty calculations determined for each single antigen bead lot tested using the 

LABXpress robotic platform were also reviewed (see Table 6.2).  Taking the uncertainty 

of measurement into consideration (acknowledging that this calculation would need to 

be repeated in the future using cell supernatant), this created a ‘grey area’ between 

nMFI 35 (upper limit of healthy volunteer result) and 70 (2x the upper limit) that would 

require increased scrutiny. 

  



 

 

 

 

295 

 

 

Class I, Lot 011 MU Range Av MU %CV 

MFI <1000 5.5-41.2 13.87 10.4 

MFI 1000-2000 25.3-45.6 35.41 8.49 

MFI 2000-5000 53.0-601.6 109.33 11.2 

Class II, Lot 012 MU Range Av MU %CV 

MFI <1000 20.5-26.2 23.88 24.65 

MFI 1000-2000 78.9-108.4 93.63 17.11 

MFI 2000-5000 92.3-310.22 195.49 17.22 

 

Table 6.2.  Measurement Uncertainty calculations for each bead using the LABXpress 

platform.  

The positive control serum was tested on 10 runs.  The measurement uncertainty 

(MU, 𝑺𝑫 √𝑵⁄ ) and coefficient of variance was calculated for each bead at different 

MFI levels.  The normalised MFI range 0-5000 was included in this table as cell 

supernatant values did not exceed 3000 MFI. SD- standard deviation, N- number of 

values 

 

The normalised MFIs (nMFI) obtained from each patient cell supernatant were ranked 

from highest to lowest values, and any ‘steps’ in the data were noted.  This was in 

accordance with the local policy for determining the presence of HLA antibodies.  The 

specificities were then analysed, looking for clustering of antibodies from the same 

broad antigen group or CREGs (cross reactive groups), and reactivity patterns were 

compared with the matched serum sample.  For example, in Figure 6.4, the 

specificities with the highest values (B*57:01, B*57:03, B*58:01) were clustered 
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around 100 MFI.  These represent specificities from the broad B17 group.  As these are 

the only B17 beads within the panel that have clustered together >2x the upper 

normal limit, these could be considered positive.  A second step is visible around 50 

MFI (B*15:16) in the grey area, and a third step at around 15 MFI.  Based on values 

obtained from healthy controls, specificities with nMFI <15 could be considered 

negative.       

 
Figure 6.4. HLA antibody profile obtained from the cell supernatant of patient AL26. 

PBMCs were cultured for 9 days.  Stimulated cells were cultured with R848 and 

RPMI, unstimulated cells were cultured in RPMI alone.  Following the period of 

incubation, the supernatant was concentrated using an Amicon centrifugal filter.  

The supernatant was tested using ONELAMBDA single antigen beads.  The stimulated 

supernatant was normalised using values obtained from the unstimulated 

supernatant. A ‘grey area’ has been marked between MFI =35 (the highest value 

obtained from healthy volunteers) and MFI = 70 (2x the upper limit of normal) has 

been marked with a dashed line. 

  

0

50

100

150

Single Antigen Bead Specificites

N
or

m
al

is
ed

 M
FI

AL26 Cl I Supernatant

B*57:01

B*58:01
B*57:03

B*15:16

B*44:03B*49:01B*51:02B*44:02B*15:12B*15:13B*53:01B*38:01B*51:01B*59:01B*27:05B*56:01B*45:01B*35:01B*52:01B*15:10B*82:01B*13:02B*47:01A*23:01B*54:01A*02:06B*50:01B*15:02B*13:01A*25:01A*02:01B*37:01B*14:01A*24:02A*24:03B*15:11B*39:01B*18:01B*67:01B*15:01B*15:03B*46:01A*03:01B*78:01B*55:01B*14:02A*02:03A*11:02A*66:01B*42:01B*40:02A*66:02A*36:01A*32:01B*41:01A*01:01A*11:01A*26:01A*29:01A*29:02A*30:01A*30:02A*31:01A*33:01A*34:01A*34:02A*43:01A*68:01A*68:02A*69:01A*74:01A*80:01B*07:02B*08:01B*27:08B*40:01B*48:01B*73:01B*81:01C*01:02C*02:02C*03:02C*03:03C*03:04C*04:01C*05:01C*06:02C*07:02C*08:01C*12:03C*14:02C*15:02C*16:01C*17:01C*18:02B*40:06A*33:03



 

 

 

 

297 

6.2.1.3 INDIVIDUAL PATIENT RESULTS 
 Total 
Number 6 
Recipient Age (yr) 36 
Recipient Gender (m) 2 
Recipient Gender (f) 4 
Recipient Ethnicity  

Caucasian 5 
Asian 1 

Cause of ESRD  
Glomerulonephritis 3 

PKD 1 
Reflux 2 

Sensitisation history  
Transfusion 0 
Transplant 5 
Pregnancy 2 

On Immunosuppression?  
Yes 2 
No 4 

ALBERT study group  
Prospective 2* 

For Cause Biopsy 1 
Wait List 5 

Table 6.3. R848 Stimulation – Patient Demographics.  

*2 patients were recruited to the ALBERT study whilst on the wait list, however 

received a transplant and re-consented to follow up as part of the prospective group. 

 

Table 6.3 contains the patient demographics, and Table 6.4 describes the serum and 

cell supernatant results of 6 sensitised patients, together with their reported 

sensitising events.  When assessing transplantation as a sensitising event, some donor 

HLA types (for example HLA-C, HLA-DQA1) were inferred using linkage association (see 

Supplementary Information: SLFOIMTM095, Common haplotypes and HLA 

association).  This was because donor HLA typing was performed according to the 

minimum requirements at the time (for example in 1995, this was low resolution 

typing for HLA-A, -B and -DR only) and donor DNA was not available for re typing.  
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Two of the 6 patients did not have any HLA antibodies in their cell supernatant.  In the 

other 4 patients, both class I and class II specificities were found in the cell 

supernatant.  Overall, 26 HLA antibody specificities were found in the cell supernatant.  

Sixty-five percent of these specificities were also demonstrated in the matched serum 

sample.  HLA antibodies were identified in the cell supernatant, but not in the matched 

serum sample in 3 patients (AL26, AL29 and AL39).  These patients are described in 

further detail below. 

6.2.1.3.1 AL26 

AL26 has a history of 1 transplant from his father, but no previous transfusions.  The 

graft failed and he returned to dialysis in 2009, with subsequent removal of the graft.  

Prior to his transplant no HLA antibodies were demonstrated in his serum.  Following 

the graft nephrectomy, he was found to have multiple class I and II HLA antibodies in 

his serum.  His cell supernatant demonstrated B57 and B58 antibodies in the positive 

region (however these specificities were not apparent in the current serum or 

historical profile), and a B*15:16 antibody in the grey area.  B57 and B58 could be 

explained by the B58 mismatch from the failed transplant.  B15 antibodies had been 

present in the past but were not present in the current serum.  Figure 6.5 shows the 

results obtained from the cell supernatant.  
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Figure 6.5.  Cell supernatant results obtained from AL26.   

A grey area has been delineated between MFI 35-70. 

6.2.1.3.2 AL29 

AL29 developed end stage renal disease secondary to MCGN and received a renal 

transplant in 1995.  Sensitisation history also included prior pregnancies.   She was 

offered a for cause biopsy due to increasing proteinuria and graft dysfunction.  

Immunosuppression at the time of biopsy included azathioprine and prednisolone.  

The biopsy sample was suboptimal, however there was evidence of borderline TCMR, 

and ABMR (g3, ptc3, c4d1).  The matched serum sample demonstrated multiple DSAs 

(A1, B18, Cw7, DR11, DQ7).  Similarly in the supernatant, DSAs were also observed 

(B18, Cw7, DQ7). B8 was demonstrated in both serum and supernatant, and Cw8 was 

noted in the grey area of the supernatant but not the current serum, although it had 

been identified in the cumulative profile.  On review of the class II supernatant (Figure 

6.7), the DQA1 specificities DQA1*05:01, 05:03, 05:05 and 06:01 were reported as 
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positive.  This is because, although they were associated with DQB1*03:01 specificities 

within the bead kit, there was clustering of 4 DQB1*03:01 beads around nMFI 1000-

1500, and a cluster of the final DQB1*03:01 beads around 200 nMFI.  If all reactivity 

was caused by the same DQB1*03:01 antigen, all 6 beads would be expected to cluster 

at the same nMFI.  This split in strengths could be explained by differing reactivity to 

the DQA1 chain.  Furthermore, the positive reactivity to DQA1*05:01, DQA1*05:03, 

DQA1*05:05 and DQA1*06:01 can be explained through the shared epitope 40GR.14  

The DQA reaction pattern described above was not seen in the matched serum (Figure 

6.6).  The DQA reaction seen in the supernatant could possibly be explained by the 

prior transplant, however the donor DNA was not available for further testing. 

 

Figure 6.6. AL29 Class II Serum results 
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Figure 6.7 AL29 Cell Supernatant Results. 

 

6.2.1.3.3 AL39 

AL39 has a history of two previous transplants, but no transfusions or pregnancies.  

The class I antibodies found in the cell supernatant were also present in the serum.  

Some of the class I specificities in the cell supernatant could be explained by 

mismatches from the first transplant (B44, B45, Cw5), but no specificities directed 

towards the second transplant were present.   DPA1*02:01 and DPA1*02:02 

antibodies were demonstrated at moderate levels (MFI 100-200) in the cell 
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supernatant, but were not present in the matched serum, or in the patient’s 

cumulative profile.  All beads coated with these specificities within the microbead 

panel were positive, and they were clustered at similar levels, adding strength to the 

result obtained.  On review of the patient’s sensitising history, DPA1*02:01 or 

DPA1*02:02 could not be explained by the most recent transplant (donor 2 HLA type 

DPA1*01:03).  A possible explanation is that these specificities could be directed 

against donor 1, although the HLA-DPA type was not available to confirm this 

hypothesis (Figure 6.8). 

 

Figure 6.8. AL39 Cell Supernatant Results 
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ID Recipient HLA Type Sensitising Events/Donor HLA type Serum HLA Antibody Profile Supernatant HLA Antibody profile 
AL39 
(F) 
 

A*02:01 
B*50:01 
C*04:01 

DQB1*02:02 
DQA1*02:01
DRB1*07:01
DRB3*02:02
DPB1*03:01 
DPA1*01:03 

A*68:01 
B*53:01 
C*06:02 

DQB1*03:01 
DQA1*05:05 
DRB1*11:01 
DRB4*01:01 
DPB1*04:01 

- 

Two transplants (2002, 2014). 1st graft 
lost – recurrent FSGS, 2nd graft lost – 
cellular rejection 
No transfusions, No pregnancies 

Current sample (29/09/16): 
A1,3,23,24,29,43  
B7,13,18,42,44,45,46,51,52,54,55
,56,57,63,67,76,81,82 
Cw1,5,7,8,9,10,12,15,16 
DQ5,6 
 
Cumulative Profile: 
A1 
B13,44(12),45(12),76,82 
DQ5,6,8,9, DQA1*03:02 
Current sample  
(MFI>10 000) 
A1,3,23,24 
B42,44,45,56,63,67,76,81,82 
Cw5,8 
 
 
 
 
 

Sample date (29/09/16) 
A1, A23, A24,  
B*44:02. B*44:03, B*45:01, B76, 
B*67:01, B*82:01 
Cw5,  
DPA1*02:01, DPA1*02:02 Donor 1: 

A2 
B44(12) 

Cw5 
DR7 
DQ2 

 
- 
- 
- 
- 

DQ3 
Donor 2: 
A*02:01 
B*51:01 
C*01:02 

DRB1*07:01 
DRB3*02:02 
DQA1*02:01 
DQB1*02:02 
DPA1*01:03 
DPB1*02:01 

 
A*03:01 
B*56:01 
C*15:02 

DRB1*11:01 
DRB4*01:01 
DQA1*05:05 
DQB1*03:01 

- 
DPB1*04:01 
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ID Recipient HLA Type Sensitising Events/Donor HLA type Serum HLA Antibody Profile Supernatant HLA Antibody profile 
AL26 
(M) 
 
 
 
 
 

A1 
B7 

Cw7 
DR3 
DQ2 

A30(19) 
B8 
- 

DR15(2) 
DQ6 

One transplant (2007).  Graft 
nephrectomy 2009.  No transfusions, 
no pregnancies 

Current sample (15/07/16): 
A11,26,28,29,33,34,43,66,74 
B40,41 
Cw2,5,8,10,12,16 
DR4,7,9 
DQ3,6, DQA1*01:02. 
 
Cumulative Profile: 
A2,3,9,10,11,28,29,31,32,33,36,4
3,74 
B5,12,13,14,15,16,22,27,35,40,41
,47,48,53,70 
Cw2,3,6,8,12,16 
DR4,7,9 
DQ3, DQA1*01:02 
 
Current Sample MFI>10000: 
DR7 
 
 
 
 
 
 
 
 
 

Sample Date:15/07/16 
 
B57(17), B58(17), B63(15) 
 Donor: 

A3 
B58(17) 

Cw7 
DR7 
DQ9 

 
A30(19) 

B7 
- 

DR15(2) 
DQ2 
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ID Recipient HLA Type Sensitising Events/Donor HLA type Serum HLA Antibody Profile Supernatant HLA Antibody profile 
A29 
(F) 
 

A2 
B62(15) 

DR4 
 

A11 
B55(22) 
DR14(6) 

One transplant (functioning) 1995. No 
transfusions. Previous pregnancies 

Current sample: 14/09/2016 
A1,23,29 
B8,18,27,37,38,39,47,51,54,57,59
,73,78,B*13:02 
Cw1,2,4,5,6,7,8,12,14,15,16 
DR11,16 
DQ7, DQA1*04:01 
 
Cumulative Profile: 
B8,16,18,54,56,59,73 
Cw1,4,5,6,7,8,12,15,16,18 
DQ7, DQA1*04:01,05:01 
 
Current sample>10000 MFI: 
B8,18 
Cw1,7,12,16 
DQ2,7,DQA1*04:01 
 

Sample date: 14/09/2016 
B8,18 
C*07:02 
DQB1*03:01 
DQA1*05:01,*05:03,*05:05,*06:01 
DQA1*04:01 

Donor: 
A1 

B18 
DR4 

23 C*07 

 
A2 

B55(22) 
DR11(5) 

DQA1*05:01 
DQB1*03:01 

AL05 
(F) 
 

A*24:02 
B*13:01 
C*06:02 

DRB1*07:01 
DRB4*01:01 
DQB1*02:02 
DQA1*02:01 

A*30:01 
B*44:03 
C*07:01 

- 
- 
- 
- 

24 3 previous pregnancies. No 
transplants. No transfusions 

Current sample: 24/04/16 
A2 
B17 
DR1,103,2,3,4,5,6,8,9,10,51,52 
 
Cumulative Profile: 
A2 
B17 
DR1,103,2,3,4,5,6,8,9,10,51,52 
 

Sample date: 24/04/16 
Nil (All nMFIs < 5) 
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ID Recipient HLA Type Sensitising Events/Donor HLA type Serum HLA Antibody Profile Supernatant HLA Antibody profile 
AL37 
(F) 

A*01:01 
B*07:02 
C*07:02 

DRB1*12:01 
DRB3*02:02 
DQB1*03:01 
DQA1*04:02 

A*24:02 
B*51:01 
C*16:02 

DRB1*13:02 
DRB3*03:01 
DQB1*06:04 
DQA1*05:05 

2x transplants. Transfusions 
 
Donor 1: (1989) 
A24(9) 
B35 B51 
DR6 DR10 
 
Donor 2: (1991) 
A1 A2 
B7 B44 
DR4 DR6 

Current sample: 
A2 
DR4,16, DRB4*01:01, 
DRB4*01:03 
 
Cumulative Profile: 
A2,28 
B17 
DR1,2,4,9,10,16,47,53 
DP1,3,4,18,19,28 

Sample date: 
Nil (All nMFIs <5) 

AL72 
(M) 
 

A*11:01 
B*55:01 
C*03:03 

DRB1*04:07 
DQB1*03:01 
DRB4*01:01 
DQA1*03:01 
DPB1*03:01 
DPA1*01:03 

A*26:01 
B*45:01 
C*06:02 

DRB1*07:01 
DQB1*02:02 

- 
DQA1*02:01 
DPB1*04:02 

1x Transplant. No transfusions, No 
pregnancies  
 
Donor 1: 
A26(10) 
B45(12) 
Cw6 
DR7 
DQ2 
DR53 
DQA1*02:01 

Current Sample: 24/02/17 
DQ4,5,6,8,9 
 
Cumulative Profile: 
DQ4,5,6,8,9 
DP14 
Current sample>10000 MFI 
Nil 
 

Sample Date: 24/02/17 
DQ5,6  
 

Table 6.4.  Stimulated cell supernatant results   
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Table 6.4.  Stimulated cell supernatant results continued: 

Donor/Recipient mismatches are marked in bold. Antibody specificities that appear in cell supernatant but not the matched serum are 

underlined. Donor alleles highlighted in red are inferred using linkage association (see Supplementary Material, page 382).277–279 nMFI = median 

fluorescent intensity normalised to the supernatant obtained from unstimulated cells. Serum specificities highlighted in green represent 

specificities with high MFI values obtained from serum that were also present in the supernatant 



 

 

 

 

308 

6.2.2 SUMMARY OF FINDINGS 

These preliminary studies have determined that the optimum duration for the non-

specific stimulation of PBMCs with R848/IL-2 was 9 days.  This resulted in a change in 

B-cell phenotype towards antibody secreting cells and at the end of the culture period, 

and IgG HLA antibodies could be detected in the cell supernatant.  The cell supernatant 

obtained from sensitised patients had more HLA antibody specificities at higher MFI 

values when compared with unsensitised volunteers.  When PBMCs obtained from 

sensitised patients were stimulated for 9 days, 65% of HLA specificities found in the 

supernatant were also present in the matched serum sample.  In cases where the 

supernatant demonstrated additional HLA antibodies, these either could be attributed 

to a previous transplant, or had been present in the patient’s historic serum profile. 
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6.2.3 METHOD 2: DEMONSTRATING THE PRESENCE OF ALLOSPECIFIC B-

CELLS USING SINGLE ANTIGEN BEADS (SABS) 

6.2.3.1 IDENTIFICATION OF SABS USING FACSCANTO 
SABs were identified by acquiring a suspension of Class I or Class II beads in PBS using 

the FACSCanto flow cytometer.  Photomultiplier Tube (PMT) voltages were adjusted so 

that each discrete bead group could be visualised and gated separately based on the 

differing ratio of internal dyes (Figure 6.9A). ONELAMBDA ‘calibrate’ beads were used 

to compensate for bead fluorescence. PMT voltages were adjusted further to ensure 

that most of the beads remained within the first log scale when plotted against other 

fluorophores (Figure 6.9B).   
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Figure 6.9. Visualisation of ONELAMBDA Single Antigen Beads using a FACSCanto 

flow cytometer.  

5µl of either Class I or Class II SABs were added to 100µl of PBS for acquisition. A) 

Forward scatter (FSC), Side Scatter (SSC), APC and APC-Cy7 Photomultiplier Tube 

(PMT) voltages were decreased to allow separation of bead groups based on the 

differing ratio of internal dyes.  Each discrete group of beads is coated with a 

different Human Leukocyte Antigen. B) ONELAMBDA ‘calibrate’ and ‘control’ beads 

were used to compensate for bead fluorescence.  PMT voltages were adjusted to 

ensure that most of the beads fell within the first log scale for each fluorophore.
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6.2.3.2 DEMONSTRATION OF ALLOREACTIVE B-CELLS USING SINGLE ANTIGEN 
BEADS (SABS) 

Pre-stained PBMCs were incubated with single antigen beads in an attempt to quantify 

alloreactive B-cells.  PBMCs (1x106) were surface stained (Table 2.9) prior to incubating 

with 5μl of washed SABs.  Cells were gated following the strategy described by 

Degauque to allow identification of HLA specific B-cells (Figure 6.10).275  First, non-

viable cells were excluded. B-cells and bead-B-cell rosettes (BBR) were selected based 

on CD19+ expression.  The specificities of the CD19+ BBR could then be determined by 

plotting APC against APC-Cy7, and by gating around each group.  Different BBR subsets 

could be identified based on expression of CD27 and IgD.  Non-specific binding to the 

SABs was accounted for by disregarding bead populations that had binding values that 

were equal to or less than the negative control bead (bottom left bead cluster in Figure 

6.10).  Additionally, the lymphocyte gate could be interrogated, providing information 

on the relative frequencies of the different B-cell subsets that did not form BBRs.  

Figure 6.11 is a photograph demonstrating B-cell binding to single antigen beads. 
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Figure 6.10. Identification of Allospecific B-cells 

After co-incubation, lymphocytes and SABs are gated based on their forward and 

side scatter.  After exclusion of non-viable cells, B-cells and Bead-B-cell rosettes 

(BBRs) are identified based on CD19 expression.  Individual HLA specificities can be 

identified based on the internal fluorochromes within each bead.  Furthermore, 

different B subsets (Naïve, Non-switched memory, and switched memory) can be 

identified based on CD27 and IgD expression, and HLA specificities for each subset 

can be determined.  The gating strategy has been modified from Degauque et al280 
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Figure 6.11. Photograph demonstrating B-cell binding to single antigen beads  

6.2.3.3 SENSITISED PATIENTS DEMONSTRATED A HIGHER FREQUENCY OF 
ALLOREACTIVE B-CELLS COMPARED WITH HEALTHY UNSENSITISED 
VOLUNTEERS 

 

The frequency of CD19+ cells obtained from the HLA class I and class II bead-cell 

rosette gates were compared between 3 healthy unsensitised volunteers and 2 

sensitised wait list patients.   

Table 6.5 contains information about their sensitisation status.  A higher proportion of 

CD19+ bead-B-cell rosettes (BBR) were present in the sensitised patients compared 

with the healthy volunteers (median BBR: 2.410 unsensitised volunteers, 38.09 

sensitised patients, p= 0.0095, Mann-Whitney test, Figure 6.12).  The panel reactive -

BBR was calculated for these patients.  This was calculated in a similar way that the 

panel reactive antibody (PRA) is usually calculated for a microbead kit.  The number of 

bead groups that formed bead-B-cell rosettes was counted and expressed as a 

proportion of the number of class I and class II bead groups in the microbead kit.  For 

example, if BBRs formed with 69 bead groups out of the 198 class I and class II bead 

groups, the panel reactive- BBR was 35%.  The serum panel reactive antibody (PRA) 

and panel reactive-BBR were compared (Table 6.5) however there was no association 

between the two values.  
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Patient Route of 
sensitisation 

Serum PRA cRF Panel Reactive 
-BBR 

AL01 Transplant, 
transfusion 

63% 100% 35% 

AL05 Pregnancy 34% 100% 45% 
 

Table 6.5. Sensitisation status, PRA, cRF and Panel Reactive-BBR for 2 sensitised wait-

list patients.   

PRA – panel reactive antibody, cRF – calculated reaction frequency, BBR – Bead B-cell 

rosette.  Panel Reactive -BBR was determined by calculating the percentage of the 

single antigen bead kit panel that were bound to B-cells.  

 
Figure 6.12.  Proportion of CD19+ Bead-B-cell rosettes obtained from healthy 

unsensitised volunteers and sensitised patients.   

HLA Class I and Class II BBRs were included from 3 healthy volunteers and 2 

sensitised patients on the renal transplant wait list.  Class I and Class II BBRs have 

been reported separately, therefore each subject will be represented by 2 data 

points.  
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6.2.3.4 ASSESSMENT OF ALLOSPECIFIC B-CELLS IN SENSITISED PATIENTS 
UNDERGOING A FOR CAUSE BIOPSY 

Seven renal transplant recipients who were undergoing a ‘for cause’ biopsy had their 

bloods drawn.  PBMCs were isolated and the B-cells were surface-stained using 

monoclonal antibodies to characterise different subsets as described above.  Following 

the antibody staining protocol, the PBMCs were then co-cultured with washed single 

antigen beads (SABs).  Both HLA class I and class II Bead-B-cell rosettes (BBRs) were 

found.  The frequencies of BBRs visible in different subsets (CD19+CD27-IgD+ naïve, 

CD19+CD27+IgD+ non-switched, and CD19+CD27+IgD- switched memory cells) of 

sensitised patients were then investigated. Resembling the expected frequencies 

within peripheral blood, Naïve BBRs were most frequently observed compared with 

non-switched and switched memory cells (p<0.0001, Friedman test).  

 

 
Figure 6.13. Frequency of Bead-B-Cell Rosettes (BB) within different B-cell subsets.   

Resting PBMCs were isolated using Ficoll centrifugation and stained using 

monoclonal antibodies prior to incubation with Class I and Class II single antigen 

beads as described in section 2.10.  CD19+CD27-IgD+ Naïve, CD19+CD27+IgD+ Non-

switched memory, CD19+CD27+IgD- switched memory BBRs were measured as a 

percentage of the parent gate (CD19+ BB).  Comparisons were made using the 

Friedman’s test with Dunn’s multiple comparisons test. Individual values, median 

and interquartile range are shown. 
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The patients were then separated into two groups depending on the presence of 

features associated with rejection on the biopsy (No Rejection =3, Rejection = 4).  See 

Table 6.6 for biopsy results.  Although not statistically significant, patients with 

histological features of rejection had higher frequencies of BBRs, which could reflect 

increased alloreactive B-cells in the peripheral circulation, or non-specific binding, 

which will need further investigation (Figure 6.14).   

ID Banff Class Diagnosis/Comment 

AL16 5,6 IFTA grade 1, mesangiolysis and capillary dilatation in 1 
glomerulus 

AL35 5,6 IFTA gr 1, early recurrent membranous on electron microscopy.  
BK nephropathy 

AL75 5,6 IFTA gr I/II, severe arteriolar hyalinosis 

AL53 2,4 Suboptimal sample.  Features of ongoing active TCMR + ABMR. 
t1, ptc 1, c4d3 

AL73 2,4,5,6 
?Antibody mediated changes - ?acute/chronic active antibody 
mediated rejection, g2, acute t-cell mediated rejection gr 1a, IFTA 
gr 2, severe arteriolar hyalinosis 

AL108 2,5 2 -?Antibody mediated changes - chronic active antibody 
mediated rejection, 5 - IFTA gr 1 (g1, PTC 1) 

AL55 2,4 Antibody mediated changes? Acute antibody mediated rejection, 
Acute T-cell rejection Grade IIA (g1, ptc 0, c4d 3, v1) 

Table 6.6. Biopsy results from sensitised patients undergoing assessment of 

allospecific B-cells  
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Figure 6.14. Frequency of Bead—B-cell rosettes in renal allograft recipients who were 

offered a ‘for cause’ biopsy.  

Patients were separated into two groups (Rejection and no rejection) based on 

histological features present in the biopsies.  Resting peripheral blood mononuclear 

cells were obtained and stained using a live/dead discriminator.  Cells were washed 

and then stained with CD19, CD27 and IgD fluorochrome- conjugated monoclonal 

antibodies.  These pre-stained PBMCs were then incubated with washed class I and 

class II single antigen beads. A) Total (Class I and Class II) B-cell- bead rosette, B) Class 

I BBR, C) Class II BBR.  

 

When the BBR subsets were compared, there were no statistically significant 

differences between the rejection and no-rejection groups (Figure 6.15). 
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Figure 6.15.  Frequency of different B subset – bead rosettes in patients with R- 

rejection and NR – no rejection on biopsy. 

 

To summarise, these experiments represent the early stages of assay development 

where pre-stained PBMCs were incubated with single antigen beads to determine the 

frequency of alloreactive B-cells.  This demonstrates proof of concept, and bead-B-cell 

binding was visualised using flow cytometry.  Sensitised patients had an increased 

frequency of alloreactive B-cells as measured by Bead-B-cell rosettes compared with 

non-sensitised volunteers.  When patients received a for-cause biopsy, there was a 

trend towards increased BBRs patients with histological features of rejection 

compared with those who did not have features of rejection.  This was not statistically 

significant.   
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6.3 DISCUSSION 

Despite the improvement in short term renal allograft survival, the median survival 

remains unchanged at approximately 15 years,281 and a significant proportion of late 

graft loss is secondary to immune-mediated damage, including chronic antibody 

mediated rejection.1 Renal allograft survival is reduced in the presence of pre-

transplant HLA antibodies and DSAs,77,282,283 and the development of de novo DSAs 

have been associated with worse outcomes.80  The level of immune risk therefore is 

currently assessed through the measurement of serum HLA antibodies, however the 

potential contribution of memory cells to the antibody pool may not fully be 

appreciated.  Assessing B-cell memory is difficult for two reasons: alloreactive B-cells 

are relatively rare and are present in less than 5% of the peripheral B-cell population, 

and whereas long lived plasma cells produce low level antibodies, memory cells are 

quiescent.284  This gap in the understanding of patient sensitisation is increasingly 

important as renal recipients are likely to receive more than one graft in their lifetime. 

In cases where serum HLA antibodies are not detected, laboratories must decide 

whether to list mismatches from a previous graft as unacceptable antigens thus 

limiting transplanting opportunities or permit repeat mismatches with the risk of 

uncovering an anamnestic alloresponse.  New pharmacological agents, for example 

imlifidase, have been introduced into routine clinical use, permitting transplants that 

would otherwise have been vetoed.  Careful consideration needs to be made as to 

whether any delisted antibody specificities have arisen from previous pregnancies or 

transplants, as repeated alloantigen exposure can reactivate existing memory cells 

resulting in augmented DSA production. 

 

6.3.1 METHOD 1: NON-SPECIFIC STIMULATION OF PBMCS TO UNCOVER 

IMMUNE MEMORY 

Lanzaveccia et al previously described a method for uncovering the memory B-cell 

potential using non-specific stimulation of B-cells through toll-like receptor ligation.  

Through this assay, they were able to demonstrate the presence of immune memory 

to previous vaccinations 17 years after the immunising event.270  This assay has been 
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modified and applied to renal patients who have experienced defined sensitising 

events.  Surface staining of cultured cells by flow cytometry confirmed the switch in 

cell phenotype to antibody secreting cells (CD24-CD38hi), class-switched memory cells 

(CD27+IgD-) and plasma cells (CD38+CD138+), with a peak in memory and plasma cells 

visible between 6 and 9 days of cell culture.  After 9 days of incubation, the most HLA 

antibodies at higher MFIs were found in the cell supernatant.  The cell supernatant 

was tested from unsensitised volunteers and sensitised patients, and sensitised 

patients were found to have more HLA antibody specificities with higher MFIs 

compared with the cell supernatant obtained from unsensitised volunteers.  Both Class 

I and Class II HLA antibodies were found in the cell supernatant and 65% of HLA 

specificities found in cell supernatant were also present in the matched serum sample.  

Importantly, no ‘self’ HLA specificities were found in the cell supernatant.  

Interestingly, when HLA specificities were found in both serum and supernatant, the 

levels of antibodies found in the sera were high, and often reached bead-saturating 

levels (MFI approximately 15 - 20,000).  This phenomenon was also noted by 

Wehmeier et al when they compared serum and cell supernatant DSA in renal 

transplant recipients.285   Similarly, using ELISpot testing, Lucia et al demonstrated a 

weak but significant correlation between the frequency of memory B-cells displaying 

HLA antibodies and the strength of the same HLA specific antibody circulating in the 

serum.271  Mechanistically, this could be explained by the presence of additional HLA-

specific memory cell clones replenishing the circulating HLA antibody levels. 

 

In this study, the highest amount of HLA antibody observed in the cell supernatant was 

a Class I DSA (Cw7, MFI 3000), which was 10 times higher than levels obtained from 

the cell supernatant in other sensitised patients.  Other DSAs were found in the 

supernatant and accompanying serum.  This patient received a biopsy on the same day 

as blood collection, and this had histological features of mixed antibody and cellular 

rejection.  Although this level of antibody production was only noted in the 

supernatant of one patient, it is tempting to speculate that this is a result of either a 

large memory B-cell clone, or a highly metabolically active clone.  A recent study 

investigating HLA antibodies in cell supernatant found individuals who had 
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pretransplant DSAs in serum and matched supernatant more frequently developed 

ABMR in the first year post transplant compared with serum DSA positive, supernatant 

DSA negative patients.285  Lucia et al assessed the frequency of memory B-cell using 

ELISpot and found that patients undergoing ABMR had higher frequencies of donor-

specific memory B-cells in peripheral blood, and these patients had more severe 

histological lesions.271 Similarly, when PBMCs obtained from patients undergoing a ‘for 

cause’ biopsy were incubated with ONELAMBDA single antigen beads, a trend towards 

increased bead-B-cell rosettes in patients who had histological features of acute 

rejection on their biopsy was demonstrated (See section 6.3.2, page 309).   

 

In three patient samples, 9 HLA antibodies that were not present in the matched 

serum were identified.  These antibody specificities could either be attributed to a 

previous transplant or had been present in the patient’s cumulative profile, and 

therefore were consistent with the patient’s sensitisation history.  In one patient 

(AL39), the antibody specificities obtained from the cell supernatant were directed 

against their first renal transplant that had occurred 15 years prior to blood sampling, 

demonstrating the longevity of memory B-cells.267,271,286  

 

Conversely, in 2 patients, no HLA antibodies were detected in the supernatant despite 

a broad HLA antibody profile in the matched serum.  This could be explained either by 

the absence of peripheral memory B-cells, or by the low frequency of memory B-cells 

in the peripheral blood that were not sampled during the blood draw.  An alternative 

explanation could be that the amount of HLA antibodies produced in the cell 

supernatant were below the positive threshold set for this assay.  Further work 

titrating B-cell frequencies with supernatant antibody production could be performed 

to determine the minimum frequency of B-cells required to produce a positive result.  

In this study these were not thought to be false negative results from ineffective 

stimulation as the B-cell phenotypes were compared between day – 0 and day – 9 and 

cells were demonstrated to have successfully differentiated into antibody secreting 

cells (ASCs).  A potential method for increasing this confidence would be to test the 
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cell supernatant for IgG antibodies that may be present following common childhood 

vaccinations. 

 

Other groups have described discrepancies in the HLA specificities obtained from 

serum and the memory compartment (either through collection of cell supernatant or 

via ELISpot testing), and this suggests that memory cells and long-lived plasma cells 

contribute different antibody repertoires to the immune response.267,271,285,287 

 

Two out of the 5 sensitised patients were taking immunosuppressive medication at the 

time of blood sampling.  HLA antibodies were found in the cell supernatant of both 

patients, demonstrating the feasibility of performing this assay on immunosuppressed 

patients. 

 

There are limitations to this study.  In some patients, due to the timing of previous 

transplants, the full HLA type of the donor was not available.  HLA-C and HLA-DQA1 

types had to be inferred using common associations and haplotypes therefore the IgG 

HLA antibodies found in the cell supernatant could not always be directly attributed 

with certainty to the previous transplant.   

 

A disadvantage to this method is the inability to directly measure the size of the B-cell 

clone responsible for the production of HLA antibody.  Quantifying memory B-cells is 

possible using ELISpot testing, however this is more labour intensive.  An attempt was 

made to standardise this assay to allow comparisons between samples – 1 million 

PBMCs were placed into culture, the cell supernatant was concentrated by the same 

factor, and confirmed using A280 protein absorption using spectrophotometry.  A 

possible way to further standardise this assay would be to first isolate B-cells from 

PBMCs.  The B-cells could be counted, and a set fraction returned to the remaining 

PBMCs.  This extra step however would be associated with added costs, and as cells 

are lost during each wash step, further manipulation and isolation could affect the 

overall count and viability of the B-cells.  Collecting cell supernatant does have an 

advantage over ELISpot testing as all IgG HLA antibodies that have accumulated over 
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the culture period can be measured, potentially increasing the assay sensitivity.  

ELISpot on the other hand only measures the IgG secreting cells that have survived to 

the end of the culture period, potentially missing some B-cell clones.  Furthermore, the 

same single antigen bead kits that are used for HLA antibody screening in serum can 

be used to test the cell supernatant, permitting direct comparisons.  Memory cells 

appear in low frequencies in the peripheral circulation, and although quantitation of 

these cells would be interesting and was attempted by co-incubating pre-stained cells 

with single antigen beads (see section 6.2.3), it is the ultimately the presence or 

absence of the cells that will aid clinical decision making. 

 

The immune system remains dynamic process, and a single blood sample will only 

provide a snapshot in time of a dynamic process.  Serial measurements over time, 

similar to the serum screening schedule performed when a patient is on the renal 

transplant waiting list, may be more useful. Further testing will need to be performed 

in a larger cohort of patients.   

 

A method that can uncover the peripheral memory response has been demonstrated.  

This uses technology that is accessible to most H&I laboratories and may provide 

additional information of pre-transplant risk.  This assay will be useful when assessing 

live donor pairs where the donor may repeat mismatches associated with pregnancy, 

and in regrafts, prior to the removal of ‘other unacceptable antigens’.  Finally, this 

method may be applicable when considering delisting strategies in the context of 

novel peri-transplant agents.   

6.3.2 METHOD 2: DEMONSTRATING THE PRESENCE OF ALLOSPECIFIC B-

CELLS USING SINGLE ANTIGEN BEADS (SABS) 

This method was developed to supplement the information obtained from the non-

specific stimulation of memory B-cells as described above.  As cells from sensitised 

patients were used to test the parameter of both this assay and the R848/IL-2 assay, 

frequently there were insufficient PBMCs to perform both assays, resulting in 

incomplete data sets.  Using a gating strategy modified from Degaque and Akl, CD19+ 
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B-cells bound to single antigen beads could be visualised using a flow cytometer (Bead-

B-cell rosettes, BBR).280,288  PBMCs could be surface stained prior to co-incubation and 

frequency of alloreactive B-cells could be determined within different subsets.  

Although this was demonstrated in very small numbers, sensitised patients had a 

higher frequency of BBRs compared with unsensitised volunteers.  These results are 

similar to findings reported by Akl et al who demonstrated a higher frequency of HLA 

specific B-cells (both donor specific and non-donor-specific) in transplanted renal 

recipients who had circulating serum HLA antibodies compared to healthy 

volunteers.288 

 

Patients who received an allograft biopsy were then assessed, and there was a trend 

towards increased BBRs in those who had evidence of rejection.  Whilst this could be 

non-specific binding to the beads, this is in keeping with observations from other 

groups.271,288  The BBR phenotype was then investigated to see if there was a 

difference between rejectors and non-rejectors.  Although the median frequency of 

switched memory BBRs was increased in patients with histological features of 

rejection, this was not statistically significant, and would warrant further investigation. 

 

A disadvantage with enumerating allospecific B-cells using tetramers is the non-

specific binding of B-cells to the non-HLA portion of the tetramers.273,274  In this assay, 

B-cell binding to the negative control bead was noted, and this was controlled for by 

disregarding bead binding that was equal to or less than the binding seen in the 

negative control bead.  This has a potential to decrease the overall sensitivity of the 

assay which may limit its utility.  An attempt to limit this non-specific binding could 

include testing the effects of reduced temperatures and increased agitation during the 

incubation with beads, and the addition of extra wash steps. 

 

Further work should include repeating this test using larger patient numbers.  The next 

step would include a comparison of the HLA specificity of BBRs together with the BBR 

phenotype.  This can be compared with the HLA antibody screen results from the 

matched serum and the patient’s sensitisation history.   



 

 

 

 

325 

7 ISOLATED PRE-EXISTING HLA-DP DONOR SPECIFIC ANTIBODIES ARE 

ASSOCIATED WITH POORER OUTCOMES IN RENAL TRANSPLANTATION 

7.1 INTRODUCTION 

The importance of donor-specific antibodies (DSAs) in renal transplantation has long 

been recognised and led to the establishment of the pre-transplantation crossmatch.47 

Understanding of the pathogenesis of antibody-mediated damage to renal allografts 

has increased over the last three decades as a result of technological advances in both 

the detection of antibodies and their associated injury pathways.289,290  As increased 

sensitivity and improved definition of antibody analysis has become available, scrutiny 

has turned to the relative importance of different antibodies contributing to graft 

injury. 

 

Antibody-mediated damage of renal allografts is recognised as a major cause of graft 

loss and the role of HLA Class II antibodies has been increasingly acknowledged.52  

While renal endothelial cells may not express Class II HLA constitutively, they have 

been demonstrated to express these molecules following inflammatory stimuli.291,292  

The subsequent development of class II antibodies may lead to acute antibody 

mediated rejection (ABMR) or more insidious chronic antibody mediated rejection 

(CAMR) associated with the development of transplant glomerulopathy.  Although 

attention was initially focused on antibodies against HLA-DR it has been increasingly 

recognised that HLA-DQ and HLA-DP antibodies are also important.52   

 

HLA-DP is a class II human leukocyte antigen formed by a heterodimer of two peptide 

chains, DPα and DPβ which are encoded by the DPA1 and DPB1 genes respectively.  

The DPA1 and DPB1 genes are located at the centromeric end of the major 

histocompatibility complex.  There is at least 1 recombination hotspot between DPB1 

and DQB1, which means that a donor and recipient pair can be fully matched at HLA A, 

B, C, DR and DQ, yet mismatched at HLA-DP.293  The covalent association between the 

a1 and b1 domains create the peptide binding groove, and much of the polymorphism 
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associated with HLA-DP is derived from 6 hypervariable regions which are illustrated in 

Figure 7.1. 

 
Figure 7.1.  Crystal Structure of HLA DPB1*04:01/DPA1*01:03. 

The hypervariable regions (HVR) A, B, C, D, E and F are highlighted on the beta chain, 

together with amino acid position 96.  The peptide chain has been removed from the 

bottom-right panel to better visualise the position of HVR-A, HVR-C and HVR-D at the 

base of the peptide binding groove. Underneath the images is a table that 

demonstrates the different amino acid positions that correspond to each HVR.  The 

3D structures were obtained from phla3d.com.br. 294,295 Figure created using 

Biorender.com 

 

Early data suggested that performing transplants in the presence of HLA-DP antibodies 

was not detrimental to graft outcomes, although no distinction was made between 

DSA and non-DSA.296  A study of 4900 cadaveric renal transplants showed that while 

HLA-DP mismatch was not associated with a deleterious effect in first transplant 
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recipients, each HLA-DP mismatch was associated with a step-wise reduction in 1-year 

graft survival rates for re-transplants.  This was particularly significant in sensitised 

recipients with >50% reactivity of preformed lymphocytotoxic antibodies.291  HLA-DPB 

mismatches at the epitope level were also associated with reduced graft survival in re-

transplants only, suggesting that HLA-DP antibodies may be a contributing factor.292  

More recently, several case reports have demonstrated the pathogenicity of 

preformed HLA-DP DSAs identified by flow crossmatch, 297,298 or solid phase assays 

alone.299  ‘Third party’ HLA-DP antibodies with cross-reactive epitopes have also been 

implicated in CAMR.300   

 

This is a retrospective study of a single centre experience with HLA-DP antibody 

incompatible renal transplants defined by single antigen beads (SABs).  In this group, 

there was no T-cell positivity in the flow crossmatch, and B-cell positivity occurred in 

32% of patients.  In addition to assessing clinical outcomes, clinical and laboratory 

parameters that could potentially risk stratify these transplants were examined.   
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7.2 METHODS 

7.2.1 PATIENT SELECTION 

In this retrospective study, the time of offer (TOO) or current sera were assessed in all 

adult renal transplant recipients who were transplanted between January 2013 and 

February 2020.  The group of patients with pre-existing HLA-DP DSAs in the absence of 

other HLA DSAs formed the primary study group (DPDSA).  The DPDSA cohort was 

compared with 3 other groups.  The first group included patients who had HLA-DP 

antibodies that were not donor specific (DPnDSA group).  The second group included 

highly sensitised patients (HSP) with a calculated reaction frequency (cRF) greater than 

85% but who had no HLA-DP antibodies in the TOO sera (HSP group).  The final group 

(control group) were standard immunological risk recipients (with cRF <85%) who 

received contemporaneous transplants that were matched in a 2:1 ratio with the 

DPDSA cohort according to donor type.  This was to account for changes in both the 

local crossmatching (removal of the CDC crossmatch) and national UK allocation 

policies that occurred during the study period.  Patients were excluded from the 

analysis if there was an historical HLA-DSA which was not present in the TOO sample.  

This was to limit adverse outcomes that could be attributed to anamnestic B-cell 

responses.  Similarly, regrafts with HLA mismatches that repeated mismatches of 

previous transplants were excluded.  ABO-incompatible and all other HLA antibody 

incompatible transplants were excluded.  Figure 7.2 demonstrates the study design.   
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Figure 7.2. HLA-DP incompatible transplant study Design.   

Created using Biorender.com 

Patients had HLA typing in line with requirements for the UK allocation scheme (the 

minimum requirement included HLA-A, B, C, DRB1, DRB3/4/5, DQB1 until September 

2019. After September 2019, the requirement expanded to include HLA-DQA1, DPB1 

and DPA1).301,302  For DPDSA patients, the HLA-DPB1 and HLA-DPA1 types were 

confirmed for both donors and recipients using reverse sequence specific 

oligonucleotides (LABType, ONE LAMBDA, Canoga Park CA) to allow differentiation 

between DPA1 and DPB1 DSAs (Donor DPA1 – 15/23, donor DPB1 – 23/23, recipient 

DPA1 19/23, recipient DPB1 22/23). 

7.2.2 HLA ANTIBODY SCREENING AND HISTOCOMPATIBILITY TESTING 

In accordance with standard practice, wait-list patients were screened quarterly using 

LABScreen Mixed beads (ONE LAMBDA).  If positive, the specificities were 

characterised using LABScreen Single Antigen beads (ONE LAMBDA, SAB) according to 

manufacturer instructions.  To overcome the prozone effect, sera were pre-treated 

with 6% EDTA to achieve a 1:50 EDTA:serum dilution.  The protocol for reporting HLA 

antibodies included a positivity threshold of normalised median fluorescent intensity 

(MFI)>2000 combined with a ratio score of 6 or more after correcting for non-specific 

binding to the negative control bead (Equation 1). If the antibody specificity was 
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represented by more than one bead, and all beads were positive, an average MFI was 

calculated for the antibody.  If only some of the beads were positive, the represented 

allelic antibodies were reported with the average MFI obtained for each positive allelic 

antibody.  If more than one HLA-DP DSA was detected, the MFIs obtained from each 

DSA were added together, and this cumulative MFI was included in the analysis.  The 

TOO sera from the DPDSA group (21 out of 23) were retested using the locally 

validated LifeCodes Single Antigen microbead assay (Immucor, Norcross GA) to 

confirm the presence of DPDSAs.303  

 

A combination of complement dependent cytotoxicity crossmatch (CDC), flow 

crossmatch (FXM) and SAB analysis were used to determine histocompatibility and risk 

of proceeding with the transplant.  Transplants were progressed in the case of 

‘technical’ positive wet crossmatches if the reactivity could not be attributed to the 

presence of a donor-relevant HLA antibody.  If DSAs were identified pre-transplant, the 

decision to progress was made based on individual patient history and risk appetite.  

As donor HLA-DP typing was not mandated for organ allocation, it was not always 

apparent that an HLA-DP incompatible offer had been received until after the 

transplant had occurred.  This was usually known by the next working day following 

TOO serum testing or after the donor HLA-DP typing was performed locally.  

7.2.2.1 HLA MATCHMAKER 
HLAMatchmaker and https://epregistry.com.br were used to determine any ‘exposed 

antibody-verified’ DPB1 epitope mismatches that corresponded with the recipient DSA 

profile.15 

7.2.2.2 T-CELL EPITOPE (TCE) ALGORITHM 
The T-cell epitope (TCE) algorithm has been used to predict the effect of HLA-DPB1 

mismatches following unrelated haematopoietic stem cell transplantation.304  HLA-DP 

alleles are placed into different TCE groups based on epitope groups that are 

associated with high, medium and low reactivity.  The calculator determines whether a 

DP mismatch might be tolerated (permissive) and those that would increase risk (non-

permissive) following stem cell transplantation.  Ideally epitope mismatches would be 
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in the same group (permissive).  Depending on level of reactivity between the epitope 

groups, non-permissive mismatches can increase the risk of graft versus host disease, 

or host versus graft activity which can result in rejection or non-engraftment.  

 

7.2.3 DONOR HLA-DPB1 EXPRESSION LEVELS 

Two single nucleotide polymorphism (SNP) variants (rs9277534G and rs2281389A/G) 

that are present in the 3’ untranslated region of HLA-DPB1 have been shown to be 

associated with differing HLA-DPB1 transcript levels. 305,306 These SNPs have been 

described to be in linkage disequilibrium with certain HLA-DPB1 alleles in 

Caucasians.305  DPDSA patients were categorised into low and high expression groups 

inferred from the donor HLA-DPB1 alleles.   

 

7.2.4 ROUTINE IMMUNOSUPPRESSION 

Standard immunosuppression consisted of alemtuzumab induction with tacrolimus 

monotherapy, or basiliximab induction with tacrolimus and mycophenolate mofetil 

(MMF) as previously described.209  MMF was routinely added if there were two HLA-

DR mismatches between donor and recipient.  If an HLA-DP incompatible transplant 

occurred, the decision to augment immunosuppression was made by a clinician at the 

time of transplantation or soon afterwards informed by further donor characterisation 

and recipient antibody testing.  

 

7.2.5 ALLOGRAFT BIOPSIES 

Only ‘for cause’ renal allograft biopsies were performed.  Indications included delayed 

graft function (DGF), a sustained elevated urinary protein/creatinine ratio 

>50mg/mmol, or a sustained rise in creatinine.  C4d deposition was assessed using 

immunohistochemistry staining.  Biopsies were scored using the Banff 2017 criteria.54  

Biopsies receiving more than one Banff diagnosis (categories 2+3 or 2+4) were 

categorised as mixed rejection.   
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7.3 RESULTS 

Between January 2013 and February 2020, 1355 adult kidney transplants were 

performed.  The study included 114 patients (23 DPDSA, 18 DPnDSA, 27 HSP, 46 

Control) with a median follow up of 1197 (range 1-2517) days.  Throughout this period 

33 recipients had biopsy-proven rejection which encompassed ABMR, TCMR, 

borderline, and mixed rejection (15 DPDSA, 6 DPnDSA, 5 HSP, 7 Control).  Twenty-four 

patients had biopsy proven ABMR (15 DPDSA, 4 DPnDSA, 3 HSP, 2 control).  Twenty 

grafts failed (7 DPDSA, 6 DPnDSA, 4 HSP, 3 Control).   

7.3.1 PATIENT CHARACTERISTICS 

The patient characteristics are shown in Table 7.1.  HLA-DP antibodies were associated 

with increased sensitisation as defined by cRF.  Seventy percent of the DPDSA cohort 

had a cRF≥85%.  A higher proportion of DPDSA and DPnDSA patients had a 

sensitisation history including blood transfusions or prior renal transplants.  Thirty-nine 

percent of the total cohort were regrafts.  

 

 

Variable TOTAL DPDSA DPnDSA HSP Control p-value 

Number 114 (100%) 23 
(20%) 

18 
(16%) 

27 
(24%) 

46 
(40%) 

 

Age (years, SD) 46  (14) 43 (12) 46 (13) 45(14) 47 (15) 0.7173 

Gender 
     

0.0021 

M 60 (53%) 10 
(44%) 

8 (44%) 8 
(30%) 

34 
(74%) 

 

F 54 (48%) 13 
(57%) 

10 
(56%) 

19 
(70%) 

12 
(26%) 

 

Primary Renal Disease 
      

DM/HTN 15 (13%) 3 (13%) 1 (6%) 3 
(11%) 

8 (17%) 
 

GN 25 (22%) 6 (26%) 7 (38%) 7 
(26%) 

5 (11%) 
 

Infection/Obstruction 19 (17%) 5 (22%) 2 (11%) 8 
(30%) 

4 (9%) 
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Variable TOTAL DPDSA DPnDSA HSP Control p-value 

Other 55 (48%) 9 (39%) 8 (44%) 9 
(33%) 

29 
(63%) 

 

Median cRF (Q1-Q3) 66 (0-96) 94 (69-
98) 

84 (21-
95) 

95 (87-
97) 

0 (0) <0.0014 

cRF ≥ 85% 52 (46%) 16 
(70%) 

9 (50%) 27 
(100%) 

0 <0.0011 

Sensitisation History       

Blood transfusion 59 (52%) 19 
(83%) 

12 
(67%) 

18 
(67%) 

10 
(22%) 

<0.0011 

Pregnancy 37 (32%) 9 (39%) 5 (28%) 14 
(52%) 

9 (20%) 0.0671 

Previous Transplant 47 (41%) 15 
(65%) 

10 
(56%) 

16 
(59%) 

6 (13%) <0.0011 

Preemptive 14 (12%) 3 (13%) 2 (11%) 0 9 (20%) 0.0682 

Donor Type 
     

0.0232 

DBD 68 (60%) 15(65%) 5 (28%) 20 
(74%) 

28 
(61%) 

 

DCD 37 (33%) 7 (30%) 8 (44%) 6 
(22%) 

16 
(35%) 

 

LD 9 (8%) 1 (4%) 5 (28%) 1 (4%) 2 (4%) 
 

Donor Age (years, SD) 48 (16) 45 (16) 49 (22) 43 (12) 51 (17) 0.2093 

HLA Mismatch Level 
     

0.0012 

1  19 (17%) 5 (22%) 3 (17%) 8 
(30%) 

3 (7%) 
 

2  28 (25%) 7 (30%) 1 (6%) 5 
(19%) 

15 
(33%) 

 

3  57 (50%) 10 
(44%) 

7 (39%) 14 
(52%) 

26 
(57%) 

 

4  10 (9%) 1 (4.3%) 7 (39%) 0 2 (4%) 
 

Graft number 
     

<0.0012 

1 70 (61%) 8 (35%) 10 
(56%) 

10 
(37%) 

42 
(91%) 

 

2 36 (32%) 11 
(48%) 

6 (33%) 16 
(59%) 

3 (7%) 
 

3 7 (6%) 3 (13%) 2 (11%) 1 (4%) 1 (2%) 
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Variable TOTAL DPDSA DPnDSA HSP Control p-value 

4 1 (1%) 1 (4%) 0 0 0  

Median CIT (hrs, Q1-Q3) 14 (11-17) 17 (13-
18) 

13 (9-
17) 

15 (12-
17) 

13 (10-
14) 

0.0024 

DGF 32 (28%) 10 
(44%) 

6 (33%) 11 
(41%) 

5 (11%) 0.0071 

Induction Agent 
     

0.1151 

Alemtuzumab 80 (70%) 15 
(66%) 

16 
(89%) 

21 
(78%) 

28 
(61%) 

 

Basiliximab 34 (30%) 8 (35%) 2 (11%) 6 
(22%) 

18 
(39%) 

 

Maintenance Immunosuppression 
     

Tacrolimus 100% 100% 100% 100% 100% 
 

MMF 51 (45%) 20 
(87%) 

5 (28%) 8 
(30%) 

18 
(39%) 

<0.0011 

Prednisolone 17 (15%) 10 
(44%) 

2 (11%) 3 
(11%) 

2 (4%) <0.0012 

Augmented 
Immunosuppression: 

24 (21%) 17 
(74%) 

1 (6%) 4 
(15%) 

2 (4%) <0.0012 

Table 7.1. Patient Demographics.  

DBD – donation after brain death, DCD – donation after cardiac death, LD – live 

donor, SD- standard deviation, DM – diabetes mellitus, HTN – hypertension, GN- 

glomerulonephritis, cRF – calculated reaction frequency, CIT – cold ischaemic time, 

Q1 – 25th percentile, Q3 – 75th percentile,1Chi Squared Test, 2Fisher’s Exact Test, 3One 

way Analysis of Variance, 4Kruskall Wallis Test 

 

HLA mismatches were recorded using the United Kingdom NHS-BT mismatch 

categories (Table 2.7).183  Three DPDSA patients received a kidney that was fully 

matched at the HLA-A,-B,-C,-DR and -DQ loci.  DPnDSA and Control patients were more 

likely to receive a Level 3 (A/B/DR 001, 011, 101, 111, 201, 211, 120, 020, 220) or 4 

(A/B/DR 021, 121, 221, 002, 102, 202, 012, 112, 212, 022, 122, 222) mismatch kidney 

compared with the DPDSA and HSP groups.  Highly sensitised patients including DPDSA 

patients received grafts with a median cold ischaemic time (CIT) that was significantly 

greater than the remainder of the study cohort. These differences reflect the national 
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allocation policy of the relevant era which prioritised HSPs to receive 000 mismatched 

DBD kidney grafts after paediatric recipients. 

 

As donor HLA-DP typing was not required for organ allocation, the presence or 

absence of HLA-DP DSAs was not always known at the time of offer which may have 

influenced decision making.  However, DPDSA patients were more likely to be 

maintained on augmented immunosuppression at the time of transplant compared 

with the control groups.  Four patients received prophylactic perioperative plasma 

exchange and intravenous immunoglobulin.   

 

Forty-one patients had at least one HLA-DP antibody in their TOO sera, and 70% had 

antibodies against several HLA-DPB1 antigens (median number of specificities 10, IQR 

11).  Twenty-three patients had one or more HLA DPB1-DSA, with a median cumulative 

MFI 11009 (range 2141-47349).  Additional HLA-DPA1 DSAs could not be excluded in 5 

DPDSA recipients due to the configuration of the HLA-DPA1 and HLA-DPB1 antigens 

within the microbead kits.   

 

Twenty-one of the 23 DPDSA TOO sera were retested using Immucor kits and this 

confirmed HLA-DP DSAs in 16/21 samples.  Two samples contained DP20 antibodies, 

which were not represented in the Immucor kit.  The other 3 samples which tested 

negative using Immucor had a mean MFI of 2570. These results are demonstrated in 

Table 7.7. 

 

HLA-DPB1*04:01 was the most frequently occurring allele within both donor and 

recipient populations, in keeping with representation in the UK population.307  Eight 

recipients were homozygous for HLA-DPB1*04:01.  
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7.3.2 ROUTINE LABORATORY TESTS ARE UNABLE TO RISK STRATIFY 

TRANSPLANTS WITH PREFORMED HLA-DP ANTIBODIES 

7.3.2.1 COMPLEMENT DEPENDENT CYTOTOXICITY/FLOW CROSSMATCH 
TESTING 

An attempt was made to risk stratify DPDSA patients using routine laboratory 

methods.  The patient groups were compared with FXM results.  Out of 95 ‘wet’ 

crossmatches performed, 19 generated a positive B-cell flow crossmatch (BFXM) 

result.  A higher proportion of BFXM positivity occurred in patients with HLA-DP 

antibodies (DPDSA and DPnDSA groups) compared with patients who did not have 

HLA-DP antibodies (p=0.0776, Chi Squared test, Table 7.2.  In the 5 patients where 

HLA-DPA DSAs could not be excluded, a FXM was performed in 4 patients (BFXM 

positive in 2 of 4 and negative in 2 of 4 patients).  One transplant proceeded following 

a virtual crossmatch (DPA1 DSA noted.  Either DPA1*02:01 average MFI 7126 or 

DPA1*02:02 average MFI 6323). This multidisciplinary decision was made to minimise 

cold ischaemic time with the local experience at the time that DPA1 antibodies were 

unlikely to cause FXM positivity. 

 

Group (N) FXM B Negative FXM B Positive 

DP-DSA (22) 15 (68%) 7 (32%) 

DP-non-DSA (18) 12 (67%) 6 (33%) 

HSP (24) 21 (88%) 3 (12%) 

Control (31) 28 (90%) 3 (10%) 

Total (95) 76 (80%) 19 (20%) 

Table 7.2. Comparison of B-cell flow crossmatch reactivity.  

The crossmatch results for 19 cases have been excluded (15 virtual crossmatches in 

the control group, 1 virtual crossmatch in the DP-DSA group, 1 inconclusive result in 

the DP-non-DSA group, 2 missing crossmatch records in the DPnDSA group). 
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Two DPnDSA samples generated a T-cell positive FXM but T-cell negative CDC 

crossmatch result.  These transplants were progressed because the concurrent serum 

samples did not contain HLA-DSAs that could be attributed to the reactivity.  All other 

T-cell crossmatches (CDC and FXM) were negative.  There was 1 CDC B-cell positive 

crossmatch in the DPDSA group which was attributed to the HLA-DP DSA.  Fifteen 

transplants in the control group proceeded following a virtual crossmatch and were 

coded as ‘BFXM negative’ for subsequent analyses.  

 

A correlation analysis was performed to see whether the TOO cumulative MFI was 

associated with an increased median channel fluorescence (MCF) shift obtained from 

the BFXM.  The values for cumulative MFI and MCF were not correlated (R2 value = 

0.28) and a high cumulative MFI was not associated with BFXM positivity (BFXM 

negative median DP-DSA MFI 9931.5, range 2141-22252, BFXM positive median DP-

DSA MFI 11277, range 2788-47349, p=0.2666, Figure 7.3).   

 

The inferred donor HLA-DP antigen expression levels were also considered.308  

Seventeen donors had high expression levels; 1 donor/recipient pair was removed 

from this analysis because only a virtual crossmatch had been performed.  A positive  

crossmatch was obtained in 31% of cases where donors were inferred to have high DP 

expression levels.  The cumulative DSA associated with the positive crossmatch ranged 

from 2788-28997 MFI.  The negative crossmatches were associated with DSA MFIs 

ranging from 2204 - 22252.  For cases with low expression (n= 6), a positive crossmatch 

was obtained in 33% of cases, with an associated DSA MFI of 10350-47439, Table 7.3.  

Negative crossmatches were associated with DSAs ranging from 2141-19136 MFI.  This 

can be interpreted as no correlation in vitro between measured HLA-DP MFI and 

donor-specific reactivity measured by BFXM.   



 

 

 

 

338 

 

Figure 7.3. Scatter plots comparing the cumulative DP-DSA (MFI) with B flow 

crossmatch results.  

Individual results, median and interquartile range are shown. 

 

 High Expression Low Expression 

FXM positive 5 (31%) 2 (33%) 

FXM negative 11 (69%) 4 (67%) 

Total 16 6 

Table 7.3.  Comparison of B Flow Crossmatch Results with inferred donor HLA-DP 

expression in the DPDSA group.  

p>0.999 (Fisher’s exact test). 
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7.3.3 HLA-DP ANTIBODIES AND ABMR FREE SURVIVAL 

The relationship between the antibody profile and clinical episodes of ABMR was then 

studied.  Throughout the follow up period, 109 ‘for cause’ biopsies were performed 

(33 DPDSA, 16 DPnDSA, 30 HSP, 30 Control) and 24 patients had biopsy proven ABMR 

(15 DPDSA, 4 DPnDSA, 3 HSP, 2 control).  The Kaplan-Meier survival estimates for 

ABMR-free survival for the 4 cohorts is demonstrated in  Figure 7.4.  DPDSA patients 

were observed to have significantly reduced ABMR-free survival compared with the 

control group (Hazard ratio, HR 19.026, p<0.001), with a median time to ABMR of 22 

days.  Univariate analyses using the Cox proportional hazards model found that patient 

group (DPDSA HR 19 p<0.001, DPnDSA HR 4.54 p=0.081), cRF>85% (HR 3.37, p=0.01), 

regrafts (HR 2.76, p=0.016) and BFXM positivity (HR 3.655, p=0.03) were associated 

with a reduced ABMR free survival.  These were entered into a multivariable model 

(Table 7.4), and DPDSA remained the single variable that was associated with reduced 

ABMR-free survival (HR 9.578, p=0.012).   

 

BFXM positivity was investigated further by constructing Kaplan-Meier curves for each 

cohort under study, comparing ABMR-free survival with BFXM positivity (Figure 7.5 a-

d).  In the DPDSA and control groups, BFXM positivity was not associated with a 

significant difference in ABMR-free survival.  There was a trend towards a reduced 

ABMR-free survival in BFXM positive HSP recipients, however this was not statistically 

significant (p=0.192).  Interestingly, a positive BFXM was associated with a reduced 

ABMR-free survival in the DPnDSA group (Figure 7.5B, median survival 276 days, HR 

8.483, p=0.0253).  
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Figure 7.4. Kaplan Meier curve demonstrating the ABMR-free survival up to 1000 

days for patients within the DP-DSA, DP-nDSA, HSP and Control Groups.  

ABMR- antibody mediated rejection 

 
Figure 7.5.  Kaplan Meier Curves demonstrating ABMR-free survival for the first 1000 

days, stratified according to BFXM results in each of the 4 cohorts. 
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Variable HR (95% CI) P-value HR(95% CI) p-value 

 
Univariate Multivariate 

Group 
    

DP-DSA vs Control 19.026 (4.340-83.412) <0.001 9.578 (1.653-55.497) 0.012 

DP-nDSA vs Control 4.540 (0.831-24.794) 0.081 2.677 (0.413-17.358) 0.302 

HSP vs Control 2.121 (0.354-12.697) 0.410 0.715 (0.073-6.971) 0.773 

CIT (long vs short, hrs) 1.347 (0. 598-3.034) 0.472 
  

cRF>=85% vs <=85% 3.374 (1.339 - 8.499) 0.010 1.726 (0. 530-5.618) 0.365 

DGF (Yes vs No) 1.649 (0.721-3.769) 0. 236 
  

Donor Type (LD ref)     

DBD 0.588 (0.171-2.019) 0.399   

DCD 0.333 (0.079-1.393) 0.132   

Mismatch Level (1-Ref) 
    

2 0.963 (0.279-3.331) 0.953 
  

3 0.848 (0. 299-2.409) 0.757 
  

4 0.974 (0. 189-5.025) 0.975 
  

Regraft vs 1st graft 2.760 (1.206-6.314) 0.016 1.362 (0.541-3.433) 0.512 

Induction (alemtuzumab ref) 0.594 (0.222-1.591) 0.300 
  

CNI Variability (hi vs low) 
    

<3month  1.780 (0.769-4.120) 0.178 
  

>3month  1.994 (0.758-5.247) 0.162 
  

BFXM Positivity 3.655 (1.547-8.635) 0.003 1.483 (0.584-3.762) 0.407 

Table 7.4. Cox Regression Analysis to assess variables associated with Antibody 

Mediated Rejection free survival.   

CIT – cold ischaemia time, median CIT 13.52 hours, LD – living donor, cRF – calculated 

reaction frequency, DGF – delayed graft function, HR – hazard ratio.  Median CNI 

variability <3mo 26.88 .  Median CNI variability >3mo 24.96. 
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7.3.4 HLA-DP ANTIBODIES AND REJECTION FREE SURVIVAL 

Similar models were constructed to investigate the variables associated with reduced 

overall rejection free survival (encompassing ABMR, TCMR and mixed rejection).  

DPDSA was associated with an increased risk of rejection on univariate analysis (HR 

6.129, p<0.001), however this was not statistically significant in the multivariable 

analysis (HR 2.855, p=0.093, Table 7.5).   
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Variable HR (95% CI) P-value HR(95% CI) P-value 

 
Univariate Multivariate 

Group 
    

DP-DSA vs Control 6.129 (2.488-15.101) <0.001 2.855 (0.841-9.700) 0.093 

DP-nDSA vs Control 1.974 (0.663-5.876) 0.222 1.040 (0.281-3.850) 0.953 

HSP vs Control 1.029 (0.326-3.243) 0.962 0.346 (0.068-1.745)  0.198 

CIT (long vs short, hrs) 1.068 (0.540-2.115) 0.850 
  

cRF>=85% vs <=85% 2.141 (1.053 – 4.354) 0.035 1.958 (0.679-5.649) 0.214 

DGF (Yes vs No) 1.412 (0.684-2.913) 0.351 
  

Donor Type (LD ref)     

DBD 0.429 (0.146-1.256) 0.125   

DCD 0.400 (0.125-1.278) 0.122   

Mismatch Level (1-Ref) 
    

2 0.892 (0.258-3.082) 0.856 
  

3 1.430 (0.536-3.814) 0.475 
  

4 1.484 (0.354-6.220) 0.589 
  

Regraft vs 1st graft 2.131 (1.073-4.231) 0.031 1.505 (0.687-3.299) 0.307 

Induction (alem ref) 0.743 (0.335-1.649) 0.466 
  

CNI Variability (hi vs low) 
    

<3mo  2.040 (0.994-4.188) 0.052 
  

>3mo  1.252 (0.592-2.646) 0.557 
  

BFXM Positivity 2.823 (1.304-6.113) 0.008 1.564 (0.676-3.618) 0.296 

Table 7.5. Cox Regression Analysis to assess variables associated with Rejection Free 

Survival. 

CIT – cold ischaemia time, median CIT 13.52 hours.  Median CNI variability <3mo 

26.88 .  Median CNI variability >3mo 24.96. 
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7.3.5 BIOPSY RESULTS  

Eighty-one percent of the DPDSA biopsies had rejection, of which ABMR and mixed 

rejection were the most common diagnoses.  In the DPnDSA group, 68.75% of the 

biopsies were reported as rejection. Nevertheless, there was a higher proportion of 

mixed rejection (37.5%).  Conversely, HSP and Control patients were more likely to 

receive an alternative diagnosis (Figure 7.6a). The indication biopsies were assessed for 

histological lesions that are associated with inferior clinical outcomes.178,179  The 

DPDSA biopsies were associated with higher microvascular inflammation (p=0.0346), 

higher C4d scores (p<0.0001), and higher transplant glomerulopathy scores (p=0.015) 

compared with the control patients (Figure 7.6b).  There were higher cg scores in the 

DPDSA biopsies compared with the DPnDSA biopsies (mean rank difference 16.58, 

p=0.0384), however the difference in MVI scores were not statistically significant.  

Interestingly, less tubular atrophy was found in the DPDSA (mean rank difference 

18.02, p=0.0331) and DPnDSA (mean rank difference 21.57, p=0.0439) patients and 

less fibrosis in the DPDSA patients (mean rank difference 21.61, p=0.0174) when 

compared with controls.  This could not be explained by donor age.  Although the 

median time to biopsy was shorter in the DPDSA group compared with the other 

groups, this difference was not statistically significant (DPDSA: 69 days, IQR 207.5, 

DPnDSA: 157 days, IQR 394.55, Control: 143 days, IQR 433.25, p=0.3615).  The DSA 

profiles obtained from the DPDSA group over the period of follow-up, together with 

initial post-transplant management and subsequent clinical outcomes are depicted in 

Table 7.7. 
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Figure 7.6. Analysis of Banff histological lesions from indication biopsies performed in each cohort.  

A) Proportion of biopsy diagnoses (ABMR, TCMR, mixed rejection, borderline rejection or other). B) Scatter plots demonstrating the 

individual scores, median and interquartile range for each Banff lesion.  The microvascular inflammation scores are the sum total of g 

+ ptc scores. Comparisons were made using the Kruskal-Wallis test



 

 

 

 

346 

7.3.6 GRAFT SURVIVAL 

Having established that HLA-DP antibodies were associated with reduced ABMR-free 

survival, the presence of HLA-DP antibodies was then compared with graft survival.  

The Kaplan-Meier curves comparing death-censored graft survival across the 4 groups 

are depicted in Figure 7.7.  Univariate analyses using the Cox proportional hazards 

model identified 4 variables associated with reduced graft survival which included 

DPDSA (HR 5.218, p=0.048), delayed graft function (HR 3.376, p=0.016), Regraft (HR 

7.461, p=0.002), and high CNI variability186,187  more than 3 months post-transplant (HR 

9.505, p<0.001).  In the multivariable analysis, DP-DSA was not associated with graft 

loss.  Regrafts remained the single independent variable for reduced graft survival (HR 

5.135, p=0.028 [Table 7.6]).  The documented causes of graft loss in the DPDSA group 

(n=7) included ABMR with ischaemia-reperfusion injury, chronic ABMR, recurrent 

FSGS, BK nephropathy, CMV disease with evidence of chronic ABMR and chronic 

allograft nephropathy (n=2). 

 

Figure 7.7. Kaplan-Meier survival curves depicting the estimated death censored 

Graft Survival in the first 2000 days for the patients within the DP-DSA, DP-nDSA, 

HSP and Control Groups. 
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Variable HR (95% CI) P-value HR(95% CI) P-value 

 
Univariate Multivariate  

Group 
    

DP-DSA vs Control 5.014 (1.296-19.398) 0.020 1.577 (0.223-11.147) 0.648 

DP-nDSA vs Control 3.911 (0.932-16.407) 0.062 1.029 (0.141-7.525) 0.977 

HSP vs Control 2.872 (0.549-11.041) 0.239 0.595 (0.072-4.955) 0.631 

CIT (long vs short) 1.040 (0.422-2.564) 0.933 
  

cRF≥85% vs ≤85% 2.624 (1.084-7.606) 0.034 
  

DGF (Yes vs No) 3.380 (1.398-8.169) 0.007 1.769 (0.536-5.835) 0.349 

Donor Type (LD Ref) 
    

DBD 0.673 (0.148-3.051) 0.608 
  

DCD 0.666 (0.135-3.290) 0.618 
  

Mismatch Level (1-Ref) 
  

  

2 0.376 (.105-1.350) 0.134   

3 0.394 (.136-1.145) 0.087   

4 0.522 (0.099-2.743) 0.443   

Regraft vs 1st graft 5.445 (1.942-15.266) 0.001 5.135 (1.190-22.161) 0.028 

Induction (alem ref) 0.591 (0.197-1.767) 0.346 
  

CNI Variability (hi vs low) 
  

<3mo  2.068 (0.810-5.284) 0.129 
  

>3mo  2.820 (0.876-9.081) 0.082 2.618 (2.396-19.748) 0.145 

BFXM Positivity 2.981 (1.101-8.071) 0.032 1.767 (0. 443-7.044) 0.420 

Table 7.6.  Cox Regression Analysis to assess variables associated with Death 

Censored Graft survival.   

CIT – cold ischaemia time, median CIT 13.52 hours.  Median CNI variability <3mo 

26.88 .  Median CNI variability >3mo 24.96. 
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7.3.7 FUNCTION AND PROTEINURIA 

The median eGFR of the whole cohort was 40, 45 and 42ml/min/1.73m2 for 3 months, 

1 year and 3 years post-transplant, with no statistically significant difference across the 

groups.  For the purposes of this assessment, if a graft failed, the eGFR was coded as 

5ml/min/1.73m2.   

DPDSA patients had more proteinuria compared with controls at 3 to 9 months post-

transplant, but this was not statistically significant. 

7.3.8 EPITOPE ANALYSIS 

An attempt was made to further risk-stratify DPDSA transplants using models that 

assess HLA at an epitope level.   

7.3.8.1 T-CELL EPITOPE (TCE) ALGORITHM 
Donor and recipient pairs were classified using the TCE algorithm into permissive and 

non-permissive groups,304 and survival curves were calculated using ABMR-free and 

graft survival as endpoints.  Classification of permissive and non-permissive donor and 

recipient pairs did not risk stratify DPDSA transplants (Figure 7.8). 
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Figure 7.8. Kaplan Meier estimates comparing A) ABMR free survival, B) Rejection 

Free (TCMR, ABMR, borderline rejection) survival, and C) Graft survival. 

Donor/recipient pairs were classified into permissive and non-permissive (in the host 

versus graft direction) DP mismatches according to the T-cell Epitope Algorithm.304 

Curve comparisons were made using the log-rank test.  

 

7.3.8.2 HLA MATCHMAKER 
HLAMatchmaker and https://epregistry.com.br were used to determine any ‘exposed 

antibody-verified’ DPB1 epitope mismatches that corresponded with the recipient DSA 

profile.15  Two recipients were excluded due to the presence of HLA-DPA1 DSAs in the 

TOO sample.  ABMR-free survival and death-censored graft survival were studied by 

comparing the presence or absence of each antibody derived epitope.  There was a 

trend towards reduced but non-statistically significant ABMR-free survival (HR 1.867, 

p=0.3308) and graft survival (HR 2.979, p=0.2880) in donor/recipient pairs with an 

84DEAV mismatch.  Additionally, a 96R mismatch was associated with reduced ABMR-

0 500 1000 1500 2000
0

50

100

A) ABMR Free Survival

Time (Days)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l Permissive

Non Permissive (HvG)

p=0.7849

0 500 1000 1500 2000
0

50

100

B) Rejection Free Survival

Time (Days)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l Permissive

Non Permissive (HvG)

p=0.7684

0 500 1000 1500 2000 2500
0

50

100

C) Graft survival

Time (Days)

Pr
ob

ab
ili

ty
 o

f S
ur

vi
va

l Permissive

Non Permissive (HvG)

p=0.4290



 

 

 

 

350 

free survival (HR 10.47, p=0.0040) but a trend towards improved graft survival (HR 

0.33, p=0.4435).  It was difficult to draw firm conclusions due to the small patient 

numbers and multiple epitope mismatches within each donor/recipient pair (see 

Figure 7.9, Figure 7.10, Figure 7.11, Figure 7.12, Figure 7.13). 

 

 

Figure 7.9.  Clinical Outcomes associated with DPDSAs directed against HVR B.   

Kaplan Meier estimates of A) ABMR-free survival, B) Rejection Free survival and C) 

Graft survival comparing the presence/absence of DSAs directed against eplets 

present in HVR B. Outcomes against 35FV are visible in the top panel, 35FA in the 

middle panel, and 35YA in the bottom panel.  Curves were compared using the log-

rank test, and p values are demonstrated on each graph. 
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Figure 7.10. Clinical outcomes associated with DPDSAs directed against HVR C.   

Kaplan Meier estimates of A) ABMR-free survival, B) Rejection Free survival and C) 

Graft survival comparing the presence/absence of DSAs directed against eplets 

present in HVR C. The first row demonstrates outcomes against 56A, row 2 56E, row 

3 56EE, row 4 57D.  Curves were compared using the log-rank test, and p values are 

demonstrated on each graph. 
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Figure 7.11. Clinical outcomes associated with DPDSAs directed against HVR D.   

Kaplan Meier estimates of A) ABMR-free survival, B) Rejection Free survival and C) 

Graft survival comparing the presence/absence of DSAs directed against 69R.  Curves 

were compared using the log-rank test, and p values are demonstrated on each 

graph. 
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Figure 7.12. Clinical outcomes associated with DPDSAs directed against HVR F. 

Kaplan Meier estimates of A) ABMR-free survival, B) Rejection Free survival and C) 

Graft survival comparing the presence/absence of DSAs directed against 84DEAV 

(top row) and 85GPM (bottom row).  Curves were compared using the log-rank test, 

and p values are demonstrated on each graph. 
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Figure 7.13. Clinical outcomes associated with DPDSAs against amino acid position 

96. 

Kaplan Meier estimates of A) ABMR-free survival, B) Rejection Free survival and C) 

Graft survival comparing the presence/absence of DSAs directed against 96K (top 

row) and 96R (bottom row).  Curves were compared using the log-rank test, and p 

values are demonstrated on each graph. 

 

Mismatches in the hypervariable regions (HVRs) C and F have been associated with the 

development of de novo DSAs following transplantation.309,310  Both regions are easily 

accessible to antibodies and T-cell receptors due to their exposed positioning on the 

peptide binding groove (Figure 7.1).  In a recent study, Daniëls et al noticed ABMR in 

cases where the HLA-DP DSA was directed against certain ‘high risk’ eplets which 

included 84DEAV, 85GPM + 56A, and 56E.310  These eplets are positioned within 

hypervariable regions F (84DEAV and 85GPM), and C (56A, 56E).  A further analysis was 

therefore performed to see whether DP DSAs directed against these two higher risk 

HVRs were associated with reduced clinical outcomes.  DPDSA patients were separated 

into two groups – those that had DSAs against HVR C and HVR F, and those with DSAs 

against other regions (Figure 7.14).  Patients who had DP-DSAs directed towards 

epitopes in HVR C or F had a reduced ABMR-free survival compared to those who had 
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DP-DSAs directed towards epitopes in other regions (p=0.0397, log rank).  DP-DSAs 

against eplets in HVR C and/or F were associated with a trend towards reduced graft 

survival, however this was not statistically significant (p=0.2, log rank).  

 

 
Figure 7.14. Clinical outcomes in patients with DPDSA. 

Patients were divided into two groups depending on whether the DPDSAs were 

directed against eplets present in the HVR C or F regions (red, n=18) and DSAs 

directed at other regions (n=3). A) ABMR free survival, B) Graft survival.  

Comparisons were made using the log rank test.  
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7.3.9 DONOR HLA-DPB1 EXPRESSION LEVELS 

Finally, DPDSA patients were categorised into low and high expression groups inferred 

from the donor HLA-DPB1 alleles (Figure 7.15). 305,306  Donor HLA-DPB1 expression 

levels were not associated with rejection free survival, however there was a trend 

towards reduced graft survival in high donor HLA-DPB1 expressors, (HR 2.505, 

p=0.3578). 

 
Figure 7.15. Kaplan Meier curves estimating A) ABMR free survival, B) overall 

rejection free survival, C) Graft survival according to inferred donor HLA-DPB1 

expression levels.305 
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Table 7.7.  Graphs demonstrating the kinetics of the donor specific antibodies for 

each DPDSA patient over the period of follow up.   
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fluorescent intensity, IS = immunosuppression.  Samples were tested in real-time 
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7.4 DISCUSSION  

Chronic antibody mediated rejection is a major cause of renal allograft loss and it is 

strongly linked to the development of donor-specific HLA Class II antibodies.52,75  Class 

II DSAs are associated with the process of transplant glomerulopathy leading to 

interstitial fibrosis, tubular atrophy and eventual graft failure.311  A primary site of 

allorecognition is the donor endothelium and while HLA-DR expression is usually 

higher in the resting state the expression of HLA-DQ and DP antigens are induced by 

inflammatory stimuli such as rejection or ischaemia-reperfusion injury, possibly 

mediated by γ-interferon.312 

 

The HLA-DP antigen consists of a heterodimer of two peptide chains DPα and DPβ 

which are derived from the polymorphic DPA1 and DPB1 genes respectively.  

Population genetic studies have revealed strong linkage disequilibrium between DPA1 

and DPB1 but only weak linkage with HLA-DR and DQ.313  Consequently, there is an 

80% chance of a DP mismatch even if an unrelated donor and recipient are fully 

matched at the A, B, C, DR and DQ loci.  Initial experiments in mixed lymphocyte 

reactions revealed inconsistent results between different DP types, limiting its utility in 

clinical practice.314  With the advent of molecular typing, it became clear that 

substantial polymorphism exists within the DPB1 gene.315  Furthermore, associations 

have been discovered relating to allelic variation and expression levels in both 

autoimmunity and the development of GvHD in stem cell transplantation.305,316 

 

In the United Kingdom HLA-DP antibodies have not been used historically to define 

unacceptable antigens in the national deceased donor kidney allocation scheme.  The 

introduction of solid phase assays for HLA antibody detection and readily available 

molecular typing methods has led to a reappraisal of the role of HLA-DP in renal 

transplantation.317  This study was undertaken to address this situation and to try to 

guide the clinician when faced with DP-DSAs particularly as these may become 

apparent after the renal transplant has occurred. 
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An early registry-based study found no relationship between DP mismatch and 

outcomes in first transplants.291  Nevertheless there was a deleterious effect on graft 

survival in subsequent grafts especially in recipients with cRF>50%.  A European study 

of 291 patients showed that HLA-DP antibodies were common, present in nearly half 

of recipients with DSAs.318  Whereas the presence of class II DSAs were associated with 

poorer graft survival, there was no additive effect of HLA-DP antibodies.  Other studies 

have reported deleterious effects, but the DP-DSAs were usually present with other 

HLA-DSAs making it difficult to disentangle specific effects of the HLA-DP antibodies.319  

There have also been case reports suggesting that isolated DP antibodies can mediate 

significant graft damage with ABMR and early graft loss implying that such antibodies 

may be directly pathogenic.297,299,320  A French study reported 26 patients with HLA-DP 

DSAs and demonstrated an association with a significantly increased risk of a positive 

FXM, ABMR and graft loss compared to unsensitised controls.  This risk was similar to 

recipients with DSAs against HLA-A, HLA-B, HLA-DR and HLA-DQ.321  A recent 

retrospective study identified 13 patients with pre-existing isolated HLA-DP DSAs, six of 

whom experienced ABMR and three lost their grafts.310   

 

There is good evidence that there is a phenotypic difference between pre-existing HLA-

DSAs and de novo DSAs.  De novo antibodies tend to be HLA class II antibodies and are 

associated with more chronic damage at the time of biopsy with worse clinical 

outcome.81  Against this background the impact of isolated pre-existing HLA-DP DSAs 

have been assessed over a seven-year period.  During this time, donor HLA-DP typing 

was not routinely performed therefore transplants would proceed in the setting of a 

negative crossmatch, and knowledge of pre-existing HLA-DP DSAs often only became 

apparent following transplantation.  This was not surprising as recent evidence 

suggests that HLA-DP antibody levels with MFIs < 10,000 are associated with a 

negative CDC crossmatch and even above 10,000, only 70% will register as positive.310  

This may be due to the lower expression levels of HLA-DP antigens compared with 

other human leukocyte antigens on resting cells. 50    
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In this study kidney transplant recipients with isolated pre-existing HLA-DP DSAs were 

compared with two other sensitised groups (DPnDSA and HSP) and a third control 

group.  Unsurprisingly, the three sensitised groups included more females and 

sensitising events especially blood transfusion and previous transplantation.  There 

were differences in donor type with only one living donor in the DPDSA group.  The UK 

kidney allocation system prioritises implantation of sensitised and long-waiting 

patients over geographical proximity.  Transplants therefore tended to be better 

matched in the sensitised patients where there was a high proportion of regrafts (65% 

of the DPDSA group and 63% of the HSP group).  Cold ischaemia times were also longer 

in the sensitised patients, and this may partially explain the associated increased rates 

of delayed graft function, although alloimmune mechanisms may also be operating.  

For example, the longer CIT may have led to increased ischaemia-reperfusion injury 

with upregulation of HLA-DP expression. 

 

The presence of DP-DSAs often were reported following the transplant and the 

clinicians usually commenced MMF, prednisolone, or both.  As a result, augmented 

immunosuppression was used in 74% of patients with DP-DSAs.  This was not seen in 

the HSP population as patients who received transplants following delisting or 

desensitising strategies were excluded from this study.  It is acknowledged that the 

presence or absence of DP-DSAs was not always available to the clinician on the day of 

transplant which may have influenced decision making. 

 

In this study 32% of DPDSA patients had a positive B-cell crossmatch which was 

increased compared to other groups but not significantly so.  There was no correlation 

between the measured HLA-DP antibodies in the DPDSA group and the total donor-

specific reactivity as measured by the BFXM.  This is consistent with previous data 

describing a negative CDC crossmatch in patients with DP-DSA levels less than 10,000 

MFI, and approximately 30% of those with MFI greater than 10,000.310  However DP-

DSAs were associated with significant episodes of ABMR with more than half (15 of 23) 

suffering from ABMR (median time to ABMR 22 days, twenty-fifth centile 14, seventy-

fifth centile 125 days).  After multivariate analysis, HLA-DP-DSA was the single factor 
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that was associated with the development of clinical ABMR (HR=9.6).  Though it does 

not prove causality this supports the observations of others that TOO HLA-DP DSAs are 

associated with significant clinical events.298,322  Moreover, in this study cohort, the 

BFXM did not add any further information.  Mechanistically this raises the question as 

to whether HLA-DP DSAs are directly pathogenic or simply a marker of an increased 

immunoreactive phenotype, a hypothesis that warrants further study.  Recent 

observations that HLA-DQ DSAs can bind to the donor endothelium and modulate the 

generation of T-regulatory cells support possible indirect mechanisms.323   

 

DPDSA renal transplant biopsies did show evidence of increased microvascular 

inflammation, C4d deposition and transplant glomerulopathy although it is 

acknowledged that in the absence of protocol biopsies there may have been a lower 

threshold to perform biopsies in this group.   This did translate into a trend towards 

lower graft survival in the DPDSA group although this did not reach statistical 

significance, possibly due to low numbers overall.  There was also no association with 

graft function or proteinuria and a larger series will be required to address this. 

 

An attempt was made to evaluate certain high-risk antibody-verified eplets, such as 

84DEAV mismatch, but there were insufficient numbers to draw valid conclusions 

about individual eplet mismatches.310  However, reduced ABMR-free survival and a 

trend towards reduced graft survival if DP-DSAs were directed against HVR C and/or 

HVR F regions were noted.  These findings are in concordance with a recent study 

which observed ABMR in cases of pre-transplant DP-DSAs which were directed against 

84DEAV, 85GPM (HVR-F), 56A and 56E (HVR-C).310  These observations highlight HVR C 

and HVR F as potential areas of increased antigenicity and warrant further 

investigation.  In this cohort, there was no significant association between inferred 

donor HLA-DPB1 expression levels and clinical outcomes.  This is not in keeping with 

the findings described following stem cell transplantation.305  

 

There is increasing evidence of processing artefacts associated with the production of 

Luminex microbead arrays, which may result in false positivity, especially among the 
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class II HLA.89  There was an attempt to address this using assays from two different 

manufacturers and a consensus was obtained in 16 of 21 TOO samples tested.  Two 

samples were not in agreement due to differing antibody specificities included in the 

assay kits.  In the remaining 3 samples, DPDSAs were detected using the ONELAMBDA, 

but not the Immucor assay.  The overall ‘strength’ of these DSAs were relatively low, 

and inconsistencies could be explained by differing assay sensitivities as a result of 

varying antigen densities in the presence of low-level antibodies, or by the 

conformational changes of antigens found on the different bead kits.  Although these 3 

patients did not lose their grafts during the follow up period, 1 did exhibit early ABMR, 

therefore further investigation is required to test the clinical utility of using a 

combination of bead kits for risk stratification in the presence of HLA-DP antibodies.  

 

A 10% rate of antibody mediated rejection was noted in the control (standard 

immunological risk) group, however there was no AMR in the HSP group.  Whereas the 

HSPs would have undergone a detailed longitudinal characterisation of their HLA 

antibody profile over a prolonged wait time, the control group would not have been as 

closely scrutinised.  In addition, all patients are routinely screened for HLA antibodies 

using the LABScreen mixed bead test, with a reflex for further characterisation using 

ONELAMBDA SABs if positive.  It is possible that samples test negative using the mixed 

screen, yet are positive on testing with SAB.  Unfortunately, testing all samples from 

every wait listed patient with SAB is cost prohibitive, and it is acknowledged that there 

may be the rare case where a patient who screened negative in the control group may 

have an uncharacterised DSA. 

 

There is currently no consensus method for calculating the antibody ‘strength’ when a 

panel includes more than one bead per antigen or allele specificity.  The local practice 

is to calculate the average MFI over all beads, unless there is a clear allelic antibody, at 

which point the MFI for the specific allelic antibody is reported, which can 

underestimate the amount of antibody present.  Alternatively, adding the MFI 

obtained from each bead can lead to the overestimation of the antibody amount. 
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Non-HLA antibodies, which may have contributed to BFXM positivity in the DPnDSA 

cohort in the absence of measurable HLA-DSAs, were not investigated, and their role 

could not be excluded in the transplant outcomes.324   

 

In summary, the clinical progress of a cohort of patients who received a kidney 

transplant with pre-existing HLA-DP DSAs is described.  Despite augmented 

immunosuppression approximately half these cases suffered from biopsy proven 

ABMR within the first 6 months that was not further informed by the FXM.  This 

rejection was associated with increased histological damage and a trend towards 

worse graft survival.  Kidney transplant recipients with pre-existing DP-DSA should be 

considered a high-risk immunological group and are subjected to close monitoring in 

the first six months after transplantation.   
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8 FINAL CONCLUSION 

 

In transplantation, B-cells play a significant role in allograft outcomes through antigen 

processing and presentation, cytokine and antibody production, and contribution to 

immune memory, a corollary of which is antibody mediated rejection (ABMR).  Current 

therapeutic agents have not been as effective at treating ABMR as they have been 

with treating TCMR, and ABMR has become the predominant cause of immune-

mediated allograft injury.  This study sought to evaluate potential B-cell biomarkers of 

allograft outcome.  In chapter 3, a retrospective study using UK registry data was 

performed to compare the 5-year outcomes of adult renal transplant recipients 

receiving either alemtuzumab or alternate agents (usually basiliximab).  This 

demonstrated that alemtuzumab induction was not inferior to basiliximab induction in 

terms of 5-year patient and graft survival. However, for deceased donors, 

alemtuzumab induction was associated with a protective effect on rejection free 

survival despite fewer patients receiving long-term steroids as part of their 

immunosuppressive regime.  There were no differences in reported cause of death or 

cause of graft loss, however, it is acknowledged that several records were missing, 

which is an inherent problem with interrogating registry data.  Having demonstrated 

non-inferiority at 5 years, it would be useful to repeat this analysis to determine if 

these differences are maintained in the long-term.  The effect of both induction agents 

on the B-cell phenotype was then studied in a cohort of adult renal transplant 

recipients.  Early differences were noticed in the transitional cell, naïve and memory B-

cell populations, which were maintained until at least 1 year post transplant.  These 

findings confirm those reported by others.140,163,166,231  The surface B-cell phenotypes 

were then studied, and changes in transitional B-cells (TrBs) including reduced 

CD24+++CD38+++ T1 cells which are thought to have the highest regulatory potential, 

may be markers of poor clinical outcomes, both in terms of clinically stable transplant 

recipients early post-transplant, and those with a troubled graft.   

 

These findings are encouraging and will need confirming in larger multi-centre studies.  

The current gold standard for demonstrating the presence of Bregs is through IL-10 
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production.  Although this study has confirmed that transitional cells, especially 

CD24+++CD38+++ T1 cells contain the highest numbers of Bregs (defined both by IL-10 

production and the IL-10:TNF-α ratio),124 a prospective assessment of IL-10 capacity by 

these cells post-transplant will be useful, acknowledging that stimulation of cells in 

vitro will alter the cellular phenotype, and may not necessarily correspond with the in 

vivo environment.  The data obtained from this study highlights the importance of 

using caution with newer pharmaceutical agents that may alter the TrB population or 

the T1:T2 ratio.  Daratumumab, for example, is a human monoclonal IgGκ antibody 

that targets CD38 which is highly expressed on plasma cells, inducing apoptosis via the 

ADCC, antibody and complement dependent cytotoxicity mechanisms.325  Although 

daratumumab has been developed primarily to target malignant plasma cells in 

multiple myeloma, as the key role of plasma cells is antibody production, it is 

unsurprising that daratumumab has been explored in transplantation, including the 

reduction of HLA antibodies pre-transplant and treatment of refractory ABMR.326,327  

Daratumumab was used to treat sensitised macaques who received sequential skin 

grafts prior to a renal transplant.  These macaques had significantly reduced DSA levels 

compared with controls, however, subsequently demonstrated a rapid rebound in DSA 

levels and developed severe T-cell mediated rejection (TCMR).326  A case report has 

recently been published, documenting the development of severe TCMR within 72 

hours of transplantation in what would otherwise have been considered a standard 

immunological risk transplant.  This recipient had received a final infusion of 

daratumumab only a few weeks prior to transplantation.327  This suggests that not only 

plasma cells have been targeted by anti CD38, but other immunomodulatory cells, 

including regulatory B-cells that have been demonstrated in the CD24hiCD38hi 

population.  Krejcik et al found that in multiple myeloma patients, in addition to 

plasma cells, daratumumab depleted CD19+CD24+CD38+ regulatory B-cells which 

produced IL-10.328   

 

CD9 expression was then demonstrated to be increased in the CD24hiCD38hi 

transitional B-cell population, and expression was associated with increased IL-10 

production and a higher IL-10:TNF-α ratio.  Whilst CD9 expression may add confidence 
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to gating strategies for TrBs, following the stimulation protocol, it was not a stable 

marker for Bregs and it did not account for all IL-10 producing cells.  Further work 

investigating the mechanistic association between CD9 expression and IL-10 

production will be interesting, together with a prospective analysis of CD9+ B-cells and 

clinical outcome.    

 

In the final chapters, HLA antibody production by B-cells was explored.  In Chapter 6, 

two novel methods were described that evaluated the contribution of peripheral 

alloreactive memory B-cells to the sensitisation of renal patients.  The first method 

determined the specificities of HLA antibodies produced by circulating memory B-cells 

after non-specific stimulation.  The second method sought to determine the frequency 

of alloreactive B-cells within different B-cell subsets.  It involved co-incubating pre-

stained peripheral B-cells with single antigen beads and visualising them using flow 

cytometry.  Although further work will be required before either assay can be 

introduced into routine use, an attractive feature of both methods is that they utilise 

reagents and equipment frequently found in most H&I labs, and therefore could 

eventually be added to the H&I routine test repertoire.  Assessing the memory B-cell 

contribution to sensitisation will be of utmost value during the implementation of 

delisting strategies in highly sensitised patients to facilitate transplantation; it is 

becoming increasingly common to list patients for their 3rd and 4th renal transplant.  

The National Institute for Health and Care Excellence (NICE) approval of Imlifidase 

(Idefirix) to enable desensitisation has allowed H&I laboratories to expand HLA 

antibody delisting thresholds beyond what has previously been considered safe.329  

However, due to the nature of Imlifidase, induction agents cannot be administered for 

several days, potentially resulting in an unchecked anamnestic response, and a 

rebound of donor specific antibodies with early antibody mediated rejection is 

expected.330–332  Knowledge of the memory B-cell contribution to HLA sensitisation 

may be helpful as specificities produced by memory cells could be avoided during the 

first, more cautious attempts at antibody delisting.  In Chapter 7, the clinical outcomes 

following transplantation in the presence of pre-existing HLA-DP donor specific 

antibodies were assessed.  This study represents the largest cohort of patients in a 



 

 

 

 

372 

single centre receiving this type of transplant.  Until recently, due to the conflicting 

reports surrounding the risk of transplanting across this barrier, the national allocation 

system did not take HLA-DP sensitisation into account.  This study shows that patients 

receiving this type of transplant, despite augmented immunosuppression, are at 

increased risk of antibody mediated rejection within the first 6 months post-

transplant, with increased histological damage, and a trend towards reduced graft 

survival.  Furthermore, the data confirm findings obtained elsewhere that performing 

a wet crossmatch does not risk stratify these patients.310  Whilst not necessarily a veto 

to transplantation, crossing HLA-DP-DSAs should be considered high immunological 

risk, and these patients should be monitored closely post-transplant and augmented 

immunosuppression considered.  The interaction of HLA-DP antibodies with different 

hypervariable regions was assessed, and whilst the data did not yield statistically 

significant results in terms of graft survival, HLA-DP antibodies directed at 

hypervariable regions C and F were associated with reduced ABMR-free survival.  This 

suggests differing antigenicity associated with the antibody interactions within distinct 

hypervariable regions, requiring further investigation.  As technology improves, 

allowing for the rapid HLA typing of donors to higher resolution, information gained 

from this study may help to finesse the assessment of risk when performing HLA-DP 

incompatible transplants, allowing for ‘permissive’ vs ‘non-permissive’ transplants.  

 

Taken together the findings of this thesis identify the necessity of understanding in 

detail the individuals’ immune parameters towards ensuring the best outcomes of 

transplantation. 
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9 APPENDIX 

9.1 ETHICS APPROVAL 
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9.2 PATIENT INFORMATION LEAFLET 

 

 

Renal Unit 

Lincoln Wing 

St. James’s University Hospital 

Beckett Street 

Leeds 

West Yorkshire 

LS9 7TF 

Tel: 0113 243 3144 

 

Assessment in Leeds of Biomarkers Early after Renal Transplantation (ALBERT) Study 

 

Participant information sheet 

 

 

 

Introduction 

 

You are being invited to take part in a research study. Before you decide, it is important 

for you to understand why the research is being done and what it will involve. Please 

take time to read the following information carefully and discuss it with others if you 

wish. Ask us if there is anything that is not clear or if you would like more information. 

Take time to decide whether or not you wish to take part. 

 

Thank you for reading this information sheet. 

 

Background to the study 
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As you know, transplantation provides the best treatment for patients with advanced 

kidney failure. On average, successful kidney transplants last around 15 years. 

Approximately half of these transplants are lost due to transplant failure.  

 

On examination under a microscope, these failing transplanted kidneys display scarring. 

Our own body defence mechanisms play an important role in causing this scarring. On 

the other hand some patients have very good long term kidney function without 

scarring.  

 

 

What is the purpose of the study? 

 

We aim to study the various mechanisms that control this phenomenon and their 

relative importance. By doing this it may be possible to identify patients who are at a 

risk of developing scarring or those who may enjoy stable long term function. This will 

benefit patients by possibly enabling doctors to modify the treatment given after 

transplantation.     

 

 

 

 

 

Why have I been chosen? 

 

You have been chosen because you had kidney transplantation and being followed up 

in the Leeds transplant clinic. The process described above may or may not be active in 

your case, but we intend to study these mechanisms in patients who are: 

 

1. Waiting on the transplant waiting list 
2. Newly transplanted  
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3. Patients who already have a transplant and who need to undergo a transplant 
kidney biopsy for the usual clinical reasons 

 

What will I have to do? 

 

You will be requested to donate 30mls of blood and provide 100 mls of urine in a 

container which will be provided to you when we see you in the clinic.  

 

We will then study your blood and urine in the laboratory to analyse and understand 

the various mechanisms contributing to the scarring of the transplant. 

 

• You will not be asked to give blood if you are anaemic 
 

Your interest in participation will be established by Dr. Seitz, Research Registrar or the 

Chief Investigator, Dr Richard Baker, who will then discuss the study further with you. If 

you agree, he or one of the medical team will obtain your written consent and plan the 

day on which blood sample will be taken. You will receive a copy of this information 

sheet and a copy of the consent to keep. 

 

What are the benefits? 

 

Even though no immediate benefits are seen, the long term aim would be to study the 

various mechanisms that cause scarring of the transplant. In the future we hope that 

doctors will be able to modify treatment after transplantation aiming to achieve better 

long term transplantation function. 

 

What are the risks? 

 

The risks are very small. The amount of blood taken is small and is not harmful (for 

example the volume is very much less than the loss of a clotted haemodialysis circuit.) 

 

What if I do not want to take part? 
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Involvement in this study is entirely voluntary. It is up to you to decide whether or not 

to take part. If you decide to take part, you will be given this information sheet to keep 

and be asked to sign a consent form. If you decide to take part, you are still free to 

withdraw at any time without giving a reason. A decision to withdraw at any time or a 

decision not to take part will not affect the care you receive. 

 

Will my taking part in this study be kept confidential? 

 

All information collected from the study will be kept entirely confidential.  

 

What will happen to the results of the research study? 

 

The results of the study will be published in medical journals and presented at scientific 

meetings.  

 

Who is organising and funding the research? 

 

The study is funded by the Yorkshire Kidney Research Fund and the Chief investigator 

is Dr. Richard Baker, Consultant Nephrologist at St. James’s University Hospital. Dr. 

Adrienne Seitz, Research Registrar in Nephrology and Transplantation is a co-

investigator. 

 

Further contact Information 

 

If you want further information about the study, you can contact the principal 

investigators of the project. 

 

Chief Investigator: 

 

Dr. Richard Baker, 
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Renal Unit, 

St. James’s University Hospital, 

Beckett Street, 

Leeds- LS97TF 

Tel: 0113 2066875 

 

Dr Adrienne Seitz 

Renal Unit, 

St. James’s University Hospital, 

Beckett Street, 

Leeds- LS97TF. 

 

If you would rather initially discuss your participation with a knowledgeable individual 

not directly involved in the study: 

 

Sister Kay Tobin, 

Senior Renal Transplant Research Nurse, 

Renal Research Office, 

Lincoln Wing,  

St. James’s University Hospital, 

Beckett Street, 

Leeds- LS97TF. 

Tel: 0113 2064119 



382 

 

 

 

10 SUPPLEMENTARY MATERIAL 

SOP Index code: SLFOIMTM095 Version 2.0
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B C ASSOCIATION 

 

Bw4 Bw6 Common Association Rare Association 

 B*07 C*07:02 C*07:04 C*03:02/04 C*05 C*07:01 C*08 C*14 C*15 C*17 

B*08:02/08:03 B*08:01 C*07:01 C*07:01 C*03:02/04 C*04 C*05 C*07:02 C*15 

B*13  C*06 C*03:02/04 C*05 C*07 C*16:01 

 B*18 C*04 C*05 C*07:01 C*12:03, 07:01 C*01 C*02  C*03:02/04 C*06  C*07:04 C*12:04/05 

B*27 B*27:08 C*01 C*02 C*03 C*04 C*05 C*06 C*07 C*12 C*15 

 B*35 C*04 C*02 C*03 C*06 C*07:02 C*12:03 C*15 C*16:01 

B*37  C*06 C*01  C*16:01 

B*38  C*12:03 C*04 C*06 C*07:01 
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 B*39 C*07 C*12:03 C*02 C*06 

 B*41 C*07 C*17:01 C*04 C*07:01 C*16:02 

 B*42 C*17:01  

B*44 B*44:09 C*04 C*05 C*07:04 C*16:01 C*02 C*03 C*07 C*14 C*15 

 B*45 C*06 C*04 C*16:01 

 B*46 C*01 C*02  

B*47  C*06 C*15 

 B*48 C*08:01/08:03 C*04 C*08:02 C*15 

B*49  C*07:01 C*06 

 B*50 C*06 C*05 

B*51  C*01 C*02 C*14 C*15 C*16:02 C*03 C*04 C*05 C*07 C*12:03 C*16:01 
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B*52  C*12 C*03:02/04 C*07:01 C*16 

B*53  C*04 C*14 C*06  C*07:01 

Bw4 Bw6 Common Association Rare Association 

 B*54 C*01  

 B*55 C*03:03 C*01 C*12:03/06 

 B*56 C*01 C*15 C*17:01 

B*57  C*06 C*02 C*03 C*04 C*07 C*12:03 C*16:01 C*18 

B*58  C*02  C*03:02 C*07 C*08:02  C*14 C*16:01 

B*59  C*01  

 B*40:01+ C*03:04 C*02 C*03:03 C*04 C*07 C*12:03 C*15 
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 B*40:02+ C*02 C*08:01/08:03 C*15 C*01 C*12:02 

B*15:24 B*15:01 C*03:03 C*03:04 C*01 C*04 C*05 C*07 C*08:01/08:03 C*12:03 

B*15:16/15:17  C*07 C*14 

 B*14:01 C*08 C*04 

 B*14:02 C*08 C*02 

 B*67 C*12:03  

 B*15:09 C*02 C*03 C*07:04 C*07:04 

 B*15:10/15:18 C*03:02/04 C*07 C*02 

 B*15:03/15:46 C*02 C*08  C*12:03 

 B*73 C*07 C*15 C*15:05 

 B*15:02/08/11 C*01  C*08:01/08:03 C*03:03 C*08:01/08:03 
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DR DQ ASSOCIATION 

 

 B*15:12/14/19 C*07:02  

B*15:13  C*08:01/08:03  

 B*78 C*16:01  

 B*81 C*08:04 C*18:01  

 B*82 C*03:02/04  
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DQB1 DQA1 ASSOCIATION 

 

DQB1 
DQA1 

VERY COMMON INTERMEDIATE RARE 

02:01 05:01 05:03 05:05   

02:02 02:01  03:02 03:03   

03:01 03:02 03:03 04:01  05:01 05:03 05:05 06:01   

03:02 03:01 03:02 03:03  

03:03 03:02 03:03 02:01  

03:04  03:01  
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03:05   03 

04:01 03:02 03:03   

04:02 04:01 03:01  

05:01 01:01 01:02 01:04  

05:02  01:02 01:04  

05:03 01:04 01:03  

05:04   01:02 

06:01 01:03   

06:02 01:02   
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06:03 01:03  01:02 

06:04 01:02   

06:09 01:02   
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DRB1 DQB1 DQA1 HAPLOTYPES 

 

Common Rare 

DRB1*01:01 

DQB1*05:01 

DQA1*01:01 

DRB1*04:03 

DQB1*03:02 

DQA1*03:01 

DRB1*08:01 

DQB1*04:02 

DQA1*04:01 

DRB1*10:01 

DQB1*05:01 

DQA1*01:04 

DRB1*12:01 

DQB1*03:01 

DQA1*05:01 

DRB1*13:04 

DQB1*03:01 

DQA1*05:05 

DRB1*15:01 

DQB1*06:02 

DQA1*01:02 

DRB1*01:01 

DQB1*05:04 

DQA1*01:02 

DRB1*04:05 

DQB1*02:02 

DQA1*03:02 

DRB1*08:06 

DQB1*03:01 

DQA1*05:05 

DRB1*13:03 

DQB1*03:02 

DQA1*03 

DRB1*01:02 

DQB1*05:01 

DQA1*01:01 

DRB1*04:04 

DQB1*03:02 

DQA1*03:01 

DRB1*08:02 

DQB1*04:02 

DQA1*04:01 

DRB1*11:01 

DQB1*03:01 

DQA1*05:01 

DRB1*12:01 

DQB1*03:01 

DQA1*05:03 

DRB1*14:01 

DQB1*05:03 

DQA1*01:04 

DRB1*15:02 

DQB1*06:01 

DQA1*01:03 

DRB1*03:01 

DQB1*06:02 

DQA1*01:02 

DRB1*04:05 

DQB1*02:02 

DQA1*03:03 

DRB1*08:09 

DQB1*03:03 

DQA1*03:02 

DRB1*13:05 

DQB1*03:01 

DQA1*05:01 

DRB1*01:03 

DQB1*03:01 

DQA1*05:01 

DRB1*04:05 

DQB1*04:01 

DQA1*03:02 

DRB1*08:03 

DQB1*06:01 

DQA1*01:03 

DRB1*11:01 

DQB1*03:01 

DQA1*05:03 

DRB1*12:01 

DQB1*03:01 

DQA1*05:05 

DRB1*14:01 

DQB1*05:02 

DQA1*01:04 

DRB1*15:03 

DQB1*06:02 

DQA1*01:02 

DRB1*03:02 

DQB1*02:01 

DQA1*05:01 

DRB1*04:05 

DQB1*05:03 

DQA1*01:03 

DRB1*08:09 

DQB1*03:03 

DQA1*03:03 

DRB1*13:05 

DQB1*03:01 

DQA1*05:03 

DRB1*01:03 

DQB1*03:01 

DQA1*05:03 

DRB1*04:05 

DQB1*04:01 

DQA1*03:03 

DRB1*08:03 

DQB1*03:01 

DQA1*06:01 

DRB1*11:01 

DQB1*03:01 

DQA1*05:05 

DRB1*12:01 

DQB1*05:01 

DQA1*01:04 

DRB1*14:02 

DQB1*03:01 

DQA1*05:01 

DRB1*16:01 

DQB1*05:02 

DQA1*01:02 

DRB1*03:02 

DQB1*02:01 

DQA1*05:03 

DRB1*04:06 

DQB1*04:02 

DQA1*03:01 

DRB1*11:01 

DQB1*02:02 

DQA1*03:02 

DRB1*13:05 

DQB1*03:01 

DQA1*05:05 
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DRB1*01:03 

DQB1*03:01 

DQA1*05:05 

DRB1*04:05 

DQB1*03:02 

DQA1*03:02 

DRB1*08:04 

DQB1*03:01 

DQA1*04:01 

DRB1*11:01 

DQB1*06:02 

DQA1*01:02 

DRB1*12:02 

DQB1*03:01 

DQA1*06:01 

DRB1*14:02 

DQB1*03:01 

DQA1*05:03 

DRB1*16:02 

DQB1*03:01 

DQA1*05:01 

DRB1*03:02 

DQB1*02:01 

DQA1*05:05 

DRB1*04:09 

DQB1*03:01 

DQA1*03:02 

DRB1*11:01 

DQB1*02:02 

DQA1*03:03 

DRB1*14:01 

DQB1*05:01 

DQA1*01:04 

DRB1*01:03 

DQB1*05:01 

DQA1*01:01 

DRB1*04:05 

DQB1*03:02 

DQA1*03:03 

DRB1*08:04 

DQB1*03:01 

DQA1*05:01 

DRB1*11:02 

DQB1*03:01 

DQA1*05:01 

DRB1*13:01 

DQB1*06:03 

DQA1*01:03 

DRB1*14:02 

DQB1*03:01 

DQA1*05:05 

DRB1*16:02 

DQB1*03:01 

DQA1*05:03 

DRB1*04:01 

DQB1*03:02 

DQA1*03:02 

DRB1*04:09 

DQB1*03:01 

DQA1*03:03 

DRB1*11:01 

DQB1*05:02 

DQA1*01:02 

DRB1*14:01 

DQB1*06:02 

DQA1*01:02 

DRB1*03:01 

DQB1*02:01 

DQA1*05:01 

DRB1*04:06 

DQB1*03:02 

DQA1*03:01 

DRB1*08:04 

DQB1*03:01 

DQA1*05:03 

DRB1*11:02 

DQB1*03:01 

DQA1*05:03 

DRB1*13:02 

DQB1*06:04 

DQA1*01:02 

DRB1*14:03 

DQB1*03:01 

DQA1*05:01 

DRB1*16:02 

DQB1*03:01 

DQA1*05:05 

DRB1*04:01 

DQB1*03:02 

DQA1*03:03 

DRB1*04:11 

DQB1*04:02 

DQA1*03:01 

DRB1*11:02 

DQB1*02:02 

DQA1*03:02 

DRB1*14:02 

DQB1*03:02 

DQA1*03:01 

DRB1*03:01 

DQB1*02:01 

DQA1*05:03 

DRB1*04:07 

DQB1*03:02 

DQA1*03:01 

DRB1*08:04 

DQB1*03:01 

DQA1*05:05 

DRB1*11:02 

DQB1*03:01 

DQA1*05:05 

DRB1*13:02 

DQB1*06:09 

DQA1*01:02 

DRB1*14:03 

DQB1*03:01 

DQA1*05:03 

DRB1*16:02 

DQB1*05:02 

DQA1*01:02 

DRB1*04:03 

DQB1*03:04 

DQA1*03:01 

DRB1*07:01 

DQB1*02:02 

DQA1*03:02 

DRB1*11:02 

DQB1*02:02 

DQA1*03:03 

DRB1*14:04 

DQB1*05:02 

DQA1*01:04 

DRB1*03:01 

DQB1*02:01 

DQA1*05:05 

DRB1*04:07 

DQB1*03:01 

DQA1*03:02 

DRB1*08:04 

DQB1*04:02 

DQA1*04:01 

DRB1*11:03 

DQB1*03:01 

DQA1*05:01 

DRB1*13:03 

DQB1*03:01 

DQA1*05:01 

DRB1*14:03 

DQB1*03:01 

DQA1*05:05 

 

DRB1*04:03 

DQB1*03:05 

DQA1*03 

DRB1*07:01 

DQB1*02:02 

DQA1*03:03 

DRB1*11:04 

DQB1*06:03 

DQA1*01:03 

DRB1*15:01 

DQB1*06:03 

DQA1*01:02 
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DRB1*03:02 

DQB1*04:02 

DQA1*04:01 

DRB1*04:07 

DQB1*03:01 

DQA1*03:03 

DRB1*08:06 

DQB1*06:02 

DQA1*01:02 

DRB1*11:03 

DQB1*03:01 

DQA1*05:03 

DRB1*13:03 

DQB1*03:01 

DQA1*05:03 

DRB1*14:04 

DQB1*05:03 

DQA1*01:04 

 

DRB1*04:03 

DQB1*03:04 

DQA1*03:01 

DRB1*08:01 

DQB1*03:02 

DQA1*03:01 

DRB1*12:02 

DQB1*03:03 

DQA1*03:02 

DRB1*15:03 

DQB1*02:02 

DQA1*03:02 

DRB1*04:01 

DQB1*03:01 

DQA1*03:02 

DRB1*04:08 

DQB1*03:01 

DQA1*03:02 

DRB1*09:01 

DQB1*02:02 

DQA1*03:02 

DRB1*11:03 

DQB1*03:01 

DQA1*05:05 

DRB1*13:03 

DQB1*03:01 

DQA1*05:05 

DRB1*14:05 

DQB1*05:03 

DQA1*01:04 

 

DRB1*04:04 

DQB1*04:02 

DQA1*03:01 

DRB1*08:02 

DQB1*03:02 

DQA1*03:01 

DRB1*12:02 

DQB1*03:03 

DQA1*03:03 

DRB1*15:03 

DQB1*02:02 

DQA1*03:03 

DRB1*04:01 

DQB1*03:01 

DQA1*03:03 

DRB1*04:08 

DQB1*03:01 

DQA1*03:03 

DRB1*09:01 

DQB1*02:02 

DQA1*03:03 

DRB1*11:04 

DQB1*03:01 

DQA1*05:01 

DRB1*13:03 

DQB1*02:02 

DQA1*02:01 

DRB1*14:06 

DQB1*03:01 

DQA1*05:01 

 

DRB1*04:05 

DQB1*03:01 

DQA1*05:01 

DRB1*08:04 

DQB1*06:02 

DQA1*01:02 

DRB1*13:01 

DQB1*03:03 

DQA1*03:02 

DRB1*15:03 

DQB1*05:01 

DQA1*01:02 

DRB1*04:01 

DQB1*03:02 

DQA1*03:01 

DRB1*07:01 

DQB1*02:02 

DQA1*02:01 

DRB1*09:01 

DQB1*03:03 

DQA1*03:02 

DRB1*11:04 

DQB1*03:01 

DQA1*05:03 

DRB1*13:04 

DQB1*03:01 

DQA1*05:01 

DRB1*14:06 

DQB1*03:01 

DQA1*05:03 

 

DRB1*04:05 

DQB1*03:01 

DQA1*05:03 

DRB1*08:06 

DQB1*03:01 

DQA1*05:01 

DRB1*13:01 

DQB1*03:03 

DQA1*03:03 

 

DRB1*04:02 

DQB1*03:02 

DQA1*03:01 

DRB1*07:01 

DQB1*03:03 

DQA1*02:01 

DRB1*09:01 

DQB1*03:03 

DQA1*03:03 

DRB1*11:04 

DQB1*03:01 

DQA1*05:05 

DRB1*13:04 

DQB1*03:01 

DQA1*05:03 

DRB1*14:06 

DQB1*03:01 

DQA1*05:05 

 

DRB1*04:05 

DQB1*03:01 

DQA1*05:05 

DRB1*08:06 

DQB1*03:01 

DQA1*05:03 

DRB1*13:02 

DQB1*05:01 

DQA1*01:02 
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HLA A ALLELES AND ANTIGENS  HLA B ALLELES AND ANTIGENS  HLA C ALLELES AND ANTIGENS 

DNA Split Broad  DNA Split Broad DNA Split Broad  DNA Split Broad 

A*01 A1 -  B*07 B7 - B*41 B41 -  C*01 Cw1 - 

A*02 A2 -  B*08 B8 - B*42 B42 -  C*02 Cw2 - 

A*03 A3 -  B*13 B13 - B*44 B44 

B12 

 C*03:02 

Cw10 

Cw3 A*23 A23 

A9 

 B*14:01 B64 

B14 

B*45 B45  C*03:04 

A*24 A24  B*14:02 B65 B*46 B46 -  C*03:03 Cw9 

A*25 A25 

A10 

 B*15:01 B62 

B15 

B*47 B47 -  C*04 Cw4 - 

A*26 A26  B*15:02 B75 B*48 B48 -  C*05 Cw5 - 

A*34 A34  B*15:03 B72 B70 B*49 B49 

B21 

 C*06 Cw6 - 

A*66 A66  B*15:09 B70 - B*50 B50  C*07 Cw7 - 
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A*11 A11 -  B*15:10 B71 B70 B*50:02 B45 B12  C*08 Cw8 - 

A*29 A29 

A19 

 B*15:12 B76 

B15 

B*51 B51 

B5 

 C*12 - - 

A*30 A30  B*15:13 B77 B*52 B52  C*14 - - 

A*31 A31  B*15:14 B76 B*53 B53 -  C*15 - - 

A*32 A32  B*15:16 B63 B*54 B54 

B22 

 C*16 - - 

A*33 A33  B*15:17 B63 B*55 B55  C*17 - - 

A*74 A74  B*15:18 B71 B70 B*56 B56  C*18 - - 

A*68 A68 

A28 

 B*15:19 B76 B15 B*57 B57 

B17 

    

A*69 A69  B*18 B18 - B*58 B58     

A*36 A36 -  B*27 B27 - B*59 B59 -     

A*43 A43 -  B*35 B35 - B*67 B67 -     
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A*80 A80 -  B*37 B37 - B*73 B73 -     

    B*38 B38 

B16 

B*78 B78 -     

    B*39 B39 B*81 B81 -     

    B*40:01 B60 

B40 

B*82 - -     

    B*40:02 B61 B*83 - -     
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HLA DR ALLELES AND ANTIGENS  HLA DQ ALLELES AND ANTIGENS 

DNA Split Broad  DNA Split Broad 

DRB1*01 DR1 -  DQB1*02 DQ2 - 

DRB1*01:03 DR103 -  DQB1*03:01 DQ7 

DQ3 

DRB1*03:01 DR17 

DR3 

 DQB1*03:02 DQ8 

DRB1*03:02 DR18  DQB1*03:03 DQ9 

DRB1*03:03 DR18  DQB1*03:04 DQ7 

DRB1*03:04 DR17  DQB1*03:05 DQ8 

DRB1*04 DR4 -  DQB*04 DQ4 - 

DRB1*07 DR7 -  DQB1*05 DQ5 

DQ1 

DRB1*08 DR8 -  DQB1*06 DQ6 
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DRB1*09 DR9 -     

DRB1*10 DR10 -     

DRB1*11 DR11 

DR5 

    

DRB1*12 DR12     

DRB1*13 DR13 

DR6 

    

DRB1*14 DR14     

DRB1*14:15 DR8 -     

DRB1*15 DR15 

DR2 

    

DRB1*16 DR16     

       

DRB3* - DR52     
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DRB4* - DR53     

DRB5* - DR51     
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HLA NOMENCLATURE  
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RISK HAPLOTYPES FOR “COMMON” NULL ALLELES 

 

HLA-Ready Gene 
reaction  

(all multiplex) 

Possible null allele Haplotype Deceased donor report to NHSBT 
Frequency of null allele in local population 

Based on local audit results: R. McCurtin 2011 

 

A lane 22  

small  

(100bp) 

A*24:09N 
A*24; B*40:01+ 

OR  

A*24; B*27 

Complete in HLA allele field  

In ‘Comments’ section:  

“Null allele A*24:09N present” 

0% 

(out of 20 people with risk haplotype) 

 

B lane 14  

small  

(185bp) 

B*51:11N A*02; B*51; C*15; 
DRB1*04 

Complete in HLA allele field. 

In ‘Comments’ section:  

“Null allele B*51:11N present” 

5%  

(out of 20 people with risk haplotype) 
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C lane 17  

Large 

(190bp) 

C*04:09N B*44:03+; C*04 

Complete in HLA allele field. 

In ‘Comments’ section:  

“Null allele C*04:09N present” 

15%  

(out of 20 people with risk haplotype) 

 

DR lane 23  

small & large  

(130bp & 215bp) 

DRB4*01:03:01:02N DRB1*07; 
DQB1*0303+ 

Leave DR53 field blank. Complete 
DRB3/4/5 allele fields# 

N/A 

Common 

 

DR lane 24  

small & large 

(180bp & 265bp) 

DRB5*01:08N DRB1*15:02+ Leave DR51 field blank. Complete 
DRB3/4/5 allele fields# 

0%  

(out of 20 people with risk haplotype) 

# Allele fields for expressed DRB3/4/5 (if present) must also be completed to prevent NHSBT validation error 



404 

 

 

 

11 REFERENCES 

1. El-Zoghby ZM, Stegall MD, Lager DJ, et al. Identifying Specific Causes of Kidney 

Allograft Loss. American Journal of Transplantation. 2009;9(3):527-535. 

doi:10.1111/j.1600-6143.2008.02519.x 

2. Sellarés J, de Freitas DG, Mengel M, et al. Understanding the Causes of Kidney 

Transplant Failure: The Dominant Role of Antibody-Mediated Rejection and 

Nonadherence. American Journal of Transplantation. 2012;12(2):388-399. 

doi:10.1111/j.1600-6143.2011.03840.x 

3. Merrill J, Murray J, Harrison J, Guild W. Successful homotransplantation of the 

human kidney between identical twins. J Am Med Assoc. 1956;160:277-282. 

4. Hill AVS, Allsopp CEM, Kwiatkowski D, et al. Common West African HLA antigens 

are associated with protection from severe malaria. Nature. 

1991;352(6336):595-600. doi:10.1038/352595a0 

5. Shiina T, Hosomichi K, Inoko H, Kulski JK. The HLA genomic loci map: expression, 

interaction, diversity and disease. J Hum Genet. 2009;54(1):15-39. 

doi:10.1038/jhg.2008.5 

6. Campbell KS, Purdy AK. Structure/function of human killer cell immunoglobulin-

like receptors: lessons from polymorphisms, evolution, crystal structures and 

mutations. Immunology. 2011;132(3):315-325. doi:10.1111/j.1365-

2567.2010.03398.x 

7. Seitz A, Baker R. Essential histocompatibility for the renal clinician—Part 1. 

Nephrology Dialysis Transplantation. 2022;37(7):1235-1237. 

doi:10.1093/NDT/GFAA355 

8. Hernandez-Fuentes MP, Franklin C, Rebollo-Mesa I, et al. Long- and short-term 

outcomes in renal allografts with deceased donors: A large recipient and donor 

genome-wide association study. American Journal of Transplantation. 

2018;18(6):1370-1379. doi:10.1111/ajt.14594 

9. Robinson J, Halliwell J, Hayhurst J, Flicek P, Parham P, Marsh S. The IPD and 

IMGT/HLA database: allele variant databases. Nucleic Acids Research. 

10. Watson CA, Petzelbauer P, Zhou J, Pardi R, Bender JR. Contact-dependent 

endothelial class II HLA gene activation induced by NK cells is mediated by IFN-



405 

 

 

 

gamma-dependent and -independent mechanisms. J Immunol. 

1995;154(7):3222-3233. Accessed April 9, 2021. 

http://www.ncbi.nlm.nih.gov/pubmed/7897208 

11. Boegel S, Löwer M, Bukur T, Sorn P, Castle JC, Sahin U. HLA and proteasome 

expression body map. BMC Med Genomics. 2018;11(1):36. doi:10.1186/s12920-

018-0354-x 

12. Duquesnoy R. HLAMatchmaker. Accessed June 28, 2019. 

http://www.epitopes.net/downloads.html 

13. Duquesnoy RJ. HLAMatchmaker: a molecularly based algorithm for 

histocompatibility determination. I. Description of the algorithm. Hum Immunol. 

2002;63(5):339-352. Accessed October 30, 2016. 

http://www.ncbi.nlm.nih.gov/pubmed/11975978 

14. Duquesnoy RJ, Marrari M, D da M Sousa LC, et al. Workshop report: a website 

for the antibody-defined HLA epitope registry. Published online 2012. 

doi:10.1111/iji.12017 

15. Duquesnoy RJ, RenéRen C, Duquesnoy RJ. Antibody-reactive epitope 

determination with HLAMatchmaker and its clinical applications. Published 

online 2011. doi:10.1111/j.1399-0039.2011.01646.x 

16. Heidt S, Haasnoot GW, van Rood JJ, Witvliet MD, Claas FHJ. Kidney allocation 

based on proven acceptable antigens results in superior graft survival in highly 

sensitized patients. Kidney Int. 2018;93(2):491-500. 

doi:10.1016/j.kint.2017.07.018 

17. Wiebe C, Rush DN, Nevins TE, et al. Class II Eplet Mismatch Modulates 

Tacrolimus Trough Levels Required to Prevent Donor-Specific Antibody 

Development. J Am Soc Nephrol. 2017;28(11):3353-3362. 

doi:10.1681/ASN.2017030287 

18. Dankers MKA, Roelen DL, Van Der Meer-Prins EMW, et al. Differential 

immunogenicity of HLA mismatches: HLA-A2 versus HLA-A28. Transplantation. 

2003;75(3):418-420. doi:10.1097/01.TP.0000044456.51462.E2 



406 

 

 

 

19. Karahan GE, Kekik C, Oguz FS, et al. Association of HLA phenotypes of end-stage 

renal disease patients preparing for first transplantation with anti-HLA antibody 

status. Ren Fail. 2010;32(3):380-383. doi:10.3109/08860221003615803 

20. Lemieux W, Mohammadhassanzadeh H, Klement W, Daniel C, Sapir-Pichhadze 

R. Matchmaker, matchmaker make me a match: Opportunities and challenges in 

optimizing compatibility of HLA eplets in transplantation. Int J Immunogenet. 

2021;48(2):135-144. doi:10.1111/iji.12525 

21. Kosmoliaptsis V, Mallon DH, Chen Y, Bolton EM, Bradley JA, Taylor CJ. 

Alloantibody Responses After Renal Transplant Failure Can Be Better Predicted 

by Donor-Recipient HLA Amino Acid Sequence and Physicochemical Disparities 

Than Conventional HLA Matching. Am J Transplant. 2016;16(7):2139-2147. 

doi:10.1111/ajt.13707 

22. Kosmoliaptsis V, Sharples LD, Chaudhry AN, Halsall DJ, Bradley JA, Taylor CJ. 

Predicting HLA class II alloantigen immunogenicity from the number and 

physiochemical properties of amino acid polymorphisms. Transplantation. 

2011;91(2):183-190. doi:10.1097/TP.0b013e3181ffff99 

23. Otten HG, Calis JJA, Keşmir C, van Zuilen AD, Spierings E. Predicted indirectly 

recognizable HLA epitopes presented by HLA-DR correlate with the de novo 

development of donor-specific HLA IgG antibodies after kidney transplantation. 

Hum Immunol. 2013;74(3):290-296. doi:10.1016/j.humimm.2012.12.004 

24. Geneugelijk K, Niemann M, Drylewicz J, et al. PIRCHE-II Is Related to Graft 

Failure after Kidney Transplantation. Front Immunol. 2018;9:321. 

doi:10.3389/fimmu.2018.00321 

25. Geneugelijk K, Spierings E. Matching donor and recipient based on predicted 

indirectly recognizable human leucocyte antigen epitopes. Int J Immunogenet. 

2018;45(2):41-53. doi:10.1111/iji.12359 

26. Fleischhauer K, Shaw BE, Gooley T, et al. Effect of T-cell-epitope matching at 

HLA-DPB1 in recipients of unrelated-donor haemopoietic-cell transplantation: a 

retrospective study. Lancet Oncol. 2012;13(4):366-374. doi:10.1016/S1470-

2045(12)70004-9 



407 

 

 

 

27. Kramer CSM, Koster J, Haasnoot GW, Roelen DL, Claas FHJ, Heidt S. HLA-EMMA : 

A user-friendly tool to analyse HLA class I and class II compatibility on the amino 

acid level. HLA. 2020;96(1):43-51. doi:10.1111/tan.13883 

28. C W, V K, D P, CJ T, P N. A Comparison of HLA Molecular Mismatch Methods to 

Determine HLA Immunogenicity. Transplantation. 2018;102(8). 

doi:10.1097/TP.0000000000002117 

29. Talmage DW, Dart G, Radovich J, Lafferty KJ. Activation of transplant immunity: 

effect of donor leukocytes on thyroid allograft rejection. Science. 

1976;191(4225):385-388. doi:10.1126/science.1082167 

30. Larsen CP, Austyn JM, Morris PJ. The role of graft-derived dendritic leukocytes in 

the rejection of vascularized organ allografts. Recent findings on the migration 

and function of dendritic leukocytes after transplantation. Ann Surg. 

1990;212(3):308-315; discussion 316-7. doi:10.1097/00000658-199009000-

00009 

31. Barker CF, Billingham RE. THE ROLE OF AFFERENT LYMPHATICS IN THE 

REJECTION OF SKIN HOMOGRAFTS. Journal of Experimental Medicine. 

1968;128(1):197-221. doi:10.1084/jem.128.1.197 

32. Steinmuller D. Passenger Leukocytes and the Immunogenicity of Skin Allografts 

Skin Grafts from Tolerant Mice and from Mouse Radia. Vol 75.; 1980. 

doi:10.1111/1523-1747.ep12521331 

33. Lindahl KF, Wilson DB. Histocompatibility antigen-activated cytotoxic T 

lymphocytes. II. Estimates of the frequency and specificity of precursors. Journal 

of Experimental Medicine. 1977;145(3):508-522. doi:10.1084/jem.145.3.508 

34. Ashwell JD, Chen C, Schwartz RH. High frequency and nonrandom distribution of 

alloreactivity in T cell clones selected for recognition of foreign antigen in 

association with self class II molecules. The Journal of Immunology. 

1986;136(2):389-395. doi:10.4049/jimmunol.136.2.389 

35. Warrens AN, Lombardi G, Lechler RI. Presentation and recognition of major and 

minor histocompatibility antigens. Transpl Immunol. 1994;2(2):103-107. 

doi:10.1016/0966-3274(94)90036-1 



408 

 

 

 

36. Baker RJ, Hernandez-Fuentes MP, Brookes PA, Chaudhry AN, Cook HT, Lechler 

RI. Loss of direct and maintenance of indirect alloresponses in renal allograft 

recipients: implications for the pathogenesis of chronic allograft nephropathy. J 

Immunol. 2001;167(12):7199-7206. doi:10.4049/jimmunol.167.12.7199 

37. Charmetant X, Chen CC, Hamada S, et al. Inverted direct allorecognition triggers 

early donor-specific antibody responses after transplantation. Sci Transl Med. 

2022;14(663). doi:10.1126/scitranslmed.abg1046 

38. Morelli AE, Bracamonte-Baran W, Burlingham WJ. Donor-derived exosomes: the 

trick behind the semidirect pathway of allorecognition. Curr Opin Organ 

Transplant. 2017;22(1):46-54. doi:10.1097/MOT.0000000000000372 

39. Suchin EJ, Langmuir PB, Palmer E, Sayegh MH, Wells AD, Turka LA. Quantifying 

the Frequency of Alloreactive T Cells In Vivo: New Answers to an Old Question. 

The Journal of Immunology. 2001;166(2):973-981. 

doi:10.4049/jimmunol.166.2.973 

40. Ashwell JD, Chen C, Schwartz RH. High frequency and nonrandom distribution of 

alloreactivity in T cell clones selected for recognition of foreign antigen in 

association with self class II molecules. The Journal of Immunology. 

1986;136(2):389-395. doi:10.4049/jimmunol.136.2.389 

41. Lindahl KF, Wilson DB. Histocompatibility antigen-activated cytotoxic T 

lymphocytes. II. Estimates of the frequency and specificity of precursors. Journal 

of Experimental Medicine. 1977;145(3):508-522. doi:10.1084/jem.145.3.508 

42. Matzinger P, Bevan MJ. Hypothesis: why do so many lymphocytes respond to 

major histocompatibility antigens? Cell Immunol. 1977;29(1):1-5. 

doi:10.1016/0008-8749(77)90269-6 

43. Bevan MJ. High determinant density may explain the phenomenon of 

alloreactivity. Immunol Today. 1984;5(5):128-130. doi:10.1016/0167-

5699(84)90233-0 

44. Budde K, Bunnapradist S, Grinyo JM, et al. Novel once-daily extended-release 

tacrolimus (LCPT) versus twice-daily tacrolimus in de novo kidney transplants: 

one-year results of Phase III, double-blind, randomized trial. Am J Transplant. 

2014;14(12):2796-2806. doi:10.1111/ajt.12955 



409 

 

 

 

45. Arns W, Huppertz A, Rath T, et al. Pharmacokinetics and Clinical Outcomes of 

Generic Tacrolimus (Hexal) Versus Branded Tacrolimus in De Novo Kidney 

Transplant Patients: A Multicenter, Randomized Trial. Transplantation. 

2017;101(11):2780-2788. doi:10.1097/TP.0000000000001843 

46. Lusco MA, Fogo AB, Najafian B, Alpers CE. AJKD Atlas of Renal Pathology: Acute 

T-Cell-Mediated Rejection. Am J Kidney Dis. 2016;67(5):e29-30. 

doi:10.1053/j.ajkd.2016.03.004 

47. Kissmeyer-Nielsen F, Olsen S, Petersen VP, Fjeldborg O. Hyperacute rejection of 

kidney allografts, associated with pre-existing humoral antibodies against donor 

cells. Lancet. 1966;2(7465):662-665. Accessed July 26, 2018. 

http://www.ncbi.nlm.nih.gov/pubmed/4162350 

48. Cook DJ, Terasaki PI, Iwaki Y, et al. The flow cytometry crossmatch in kidney 

transplantation. Clin Transpl. Published online 1987:409-414. Accessed 

September 12, 2022. http://www.ncbi.nlm.nih.gov/pubmed/3154440 

49. Jin YP, Fishbein MC, Said JW, et al. Anti-HLA class I antibody–mediated 

activation of the PI3K/Akt signaling pathway and induction of Bcl-2 and Bcl-xL 

expression in endothelial cells. Hum Immunol. 2004;65(4):291-302. 

doi:10.1016/J.HUMIMM.2004.01.002 

50. Muczynski KA, Ekle DM, Coder DM, Anderson SK. Normal human kidney HLA-DR-

expressing renal microvascular endothelial cells: characterization, isolation, and 

regulation of MHC class II expression. J Am Soc Nephrol. 2003;14(5):1336-1348. 

doi:10.1097/01.ASN.0000061778.08085.9F 

51. Cross AR, Lion J, Loiseau P, et al. Donor Specific Antibodies are not only directed 

against HLA-DR: Minding your Ps and Qs. Hum Immunol. 2016;77(11):1092-

1100. doi:10.1016/j.humimm.2016.04.003 

52. Cross AR, Lion J, Loiseau P, et al. Donor Specific Antibodies are not only directed 

against HLA-DR: Minding your Ps and Qs. Hum Immunol. 2016;77(11):1092-

1100. doi:10.1016/j.humimm.2016.04.003 

53. Cornell LD. Histopathologic Features of Antibody Mediated Rejection: The Banff 

Classification and Beyond. doi:10.3389/fimmu.2021.718122 



410 

 

 

 

54. Haas M, Loupy A, Lefaucheur C, et al. The Banff 2017 Kidney Meeting Report: 

Revised diagnostic criteria for chronic active T cell-mediated rejection, antibody-

mediated rejection, and prospects for integrative endpoints for next-generation 

clinical trials. American Journal of Transplantation. 2018;18(2):293-307. 

doi:10.1111/ajt.14625 

55. Haas M, Sis B, Racusen LC, et al. Banff 2013 meeting report: inclusion of c4d-

negative antibody-mediated rejection and antibody-associated arterial lesions. 

Am J Transplant. 2014;14(2):272-283. doi:10.1111/ajt.12590 

56. Mengel M, Sis B, Haas M, et al. Banff 2011 Meeting report: new concepts in 

antibody-mediated rejection. Am J Transplant. 2012;12(3):563-570. 

doi:10.1111/j.1600-6143.2011.03926.x 

57. Haas M, Loupy A, Lefaucheur C, et al. The Banff 2017 Kidney Meeting Report: 

Revised diagnostic criteria for chronic active T cell-mediated rejection, antibody-

mediated rejection, and prospects for integrative endpoints for next-generation 

clinical trials. Am J Transplant. 2018;18(2):293-307. doi:10.1111/ajt.14625 

58. Marie-Cardine A, Divay F, Dutot I, et al. Transitional B cells in humans: 

Characterization and insight from B lymphocyte reconstitution after 

hematopoietic stem cell transplantation. Clinical Immunology. 2008;127(1):14-

25. doi:10.1016/J.CLIM.2007.11.013 

59. Elgueta R, Benson MJ, de Vries VC, Wasiuk A, Guo Y, Noelle RJ. Molecular 

mechanism and function of CD40/CD40L engagement in the immune system. 

Immunol Rev. 2009;229(1):152-172. doi:10.1111/j.1600-065X.2009.00782.x 

60. Shapiro-Shelef M, Calame K. Regulation of plasma-cell development. Nat Rev 

Immunol. 2005;5(3):230-242. doi:10.1038/nri1572 

61. Hua Z, Hou B. TLR signaling in B-cell development and activation. Cell Mol 

Immunol. 2013;10(2):103-106. doi:10.1038/cmi.2012.61 

62. Huang E, Cho YW, Hayashi R, Bunnapradist S. Alemtuzumab Induction in 

Deceased Donor Kidney Transplantation. Transplantation. 2007;84(7):821-828. 

doi:10.1097/01.tp.0000281942.97406.89 

63. Hornung V, Rothenfusser S, Britsch S, et al. Quantitative expression of toll-like 

receptor 1-10 mRNA in cellular subsets of human peripheral blood mononuclear 



411 

 

 

 

cells and sensitivity to CpG oligodeoxynucleotides. J Immunol. 

2002;168(9):4531-4537. doi:10.4049/jimmunol.168.9.4531 

64. Browne EP. Regulation of B-cell responses by Toll-like receptors. Immunology. 

2012;136(4):370-379. doi:10.1111/j.1365-2567.2012.03587.x 

65. Dorner M, Brandt S, Tinguely M, et al. Plasma cell toll-like receptor (TLR) 

expression differs from that of B cells, and plasma cell TLR triggering enhances 

immunoglobulin production. Immunology. 2009;128(4):573-579. 

doi:10.1111/j.1365-2567.2009.03143.x 

66. Vos Q, Lees A, Wu ZQ, Snapper CM, Mond JJ. B-cell activation by T-cell-

independent type 2 antigens as an integral part of the humoral immune 

response to pathogenic microorganisms. Immunol Rev. 2000;176:154-170. 

doi:10.1034/j.1600-065X.2000.00607.x 

67. Dintzis RZ, Middleton MH, Dintzis HM. Studies on the immunogenicity and 

tolerogenicity of T-independent antigens. J Immunol. 1983;131(5):2196-2203. 

Accessed November 14, 2022. http://www.ncbi.nlm.nih.gov/pubmed/6631009 

68. Charles A Janeway J, Travers P, Walport M, Shlomchik MJ. B-cell activation by 

armed helper T cells. Published online 2001. Accessed June 13, 2023. 

https://www.ncbi.nlm.nih.gov/books/NBK27142/ 

69. von Behring E, Kitasato S. [The mechanism of diphtheria immunity and tetanus 

immunity in animals. 1890]. Mol Immunol. 1991;28(12):1317, 1319-1320. 

Accessed September 20, 2022. http://www.ncbi.nlm.nih.gov/pubmed/1749380 

70. EHRLICH P. Partial Cell Functions. Vol 31.; 1990. doi:10.1111/j.1365-

3083.1990.tb02737.x 

71. Tiselius A, Kabat EA. AN ELECTROPHORETIC STUDY OF IMMUNE SERA AND 

PURIFIED ANTIBODY PREPARATIONS. J Exp Med. 1939;69(1):119-131. 

doi:10.1084/jem.69.1.119 

72. FAGRAEUS A. Plasma cellular reaction and its relation to the formation of 

antibodies in vitro. Nature. 1947;159(4041):499. doi:10.1038/159499a0 

73. Guichard-Romero A, Marino-Vazquez LA, Castelán N, et al. Impact of 

pretransplant exposure to allosensitization factors generating HLA antibodies in 



412 

 

 

 

the Luminex era. Transpl Immunol. 2016;38:33-39. 

doi:10.1016/J.TRIM.2016.08.003 

74. Higgins R, Lowe D, Daga S, et al. Pregnancy-induced HLA antibodies respond 

more vigorously after renal transplantation than antibodies induced by prior 

transplantation. Hum Immunol. 2015;76(8):546-552. 

doi:10.1016/J.HUMIMM.2015.06.013 

75. Lefaucheur C, Loupy A, Hill GS, et al. Preexisting donor-specific HLA antibodies 

predict outcome in kidney transplantation. J Am Soc Nephrol. 2010;21(8):1398-

1406. doi:10.1681/ASN.2009101065 

76. Lachmann N, Terasaki PI, Budde K, et al. Anti-Human Leukocyte Antigen and 

Donor-Specific Antibodies Detected by Luminex Posttransplant Serve as 

Biomarkers for Chronic Rejection of Renal Allografts. Transplantation. 

2009;87(10):1505-1513. doi:10.1097/TP.0b013e3181a44206 

77. Loupy A, Lefaucheur C, Vernerey D, et al. Complement-Binding Anti-HLA 

Antibodies and Kidney-Allograft Survival. New England Journal of Medicine. 

2013;369(13):1215-1226. doi:10.1056/NEJMoa1302506 

78. Kissmeyer-Nielsen F, Olsen S, Petersen VP, Fjeldborg O. Hyperacute rejection of 

kidney allografts, associated with pre-existing humoral antibodies against donor 

cells. Lancet. 1966;2(7465):662-665. doi:10.1016/s0140-6736(66)92829-7 

79. Patel R, Terasaki PI. Significance of the Positive Crossmatch Test in Kidney 

Transplantation. New England Journal of Medicine. 1969;280(14):735-739. 

doi:10.1056/NEJM196904032801401 

80. Hidalgo LG, Campbell PM, Sis B, et al. De novo donor-specific antibody at the 

time of kidney transplant biopsy associates with microvascular pathology and 

late graft failure. Am J Transplant. 2009;9(11):2532-2541. doi:10.1111/j.1600-

6143.2009.02800.x 

81. Aubert O, Loupy A, Hidalgo L, et al. Antibody-Mediated Rejection Due to 

Preexisting versus De Novo Donor-Specific Antibodies in Kidney Allograft 

Recipients. J Am Soc Nephrol. 2017;28(6):1912-1923. 

doi:10.1681/asn.2016070797 



413 

 

 

 

82. Wiebe C, Gibson IW, Blydt-Hansen TD, et al. Rates and determinants of 

progression to graft failure in kidney allograft recipients with de novo donor-

specific antibody. Am J Transplant. 2015;15(11):2921-2930. 

doi:10.1111/ajt.13347 

83. Gill JS, Landsberg D, Johnston O, et al. Screening for de novo anti-human 

leukocyte antigen antibodies in nonsensitized kidney transplant recipients does 

not predict acute rejection. Transplantation. 2010;89(2):178-184. 

doi:10.1097/TP.0b013e3181c3503e 

84. Jin YP, Jindra PT, Gong KW, Lepin EJ, Reed EF. Anti-HLA class I antibodies 

activate endothelial cells and promote chronic rejection. Transplantation. 

2005;79(3 Suppl):S19-21. doi:10.1097/01.tp.0000153293.39132.44 

85. Narayanan K, Jendrisak MD, Phelan DL, Mohanakumar T. HLA class I antibody 

mediated accommodation of endothelial cells via the activation of PI3K/cAMP 

dependent PKA pathway. Transpl Immunol. 2006;15(3):187-197. 

doi:10.1016/j.trim.2005.09.005 

86. Iwasaki K, Miwa Y, Ogawa H, et al. Comparative study on signal transduction in 

endothelial cells after anti-a/b and human leukocyte antigen antibody reaction: 

implication of accommodation. Transplantation. 2012;93(4):390-397. 

doi:10.1097/TP.0b013e3182424df3 

87. Patel R, Terasaki PI. Significance of the Positive Crossmatch Test in Kidney 

Transplantation. New England Journal of Medicine. 1969;280(14):735-739. 

doi:10.1056/NEJM196904032801401 

88. Lee PP, Garovoy MR. TRANSPLANTATION REVIEWS Flow Cytometry 

Crossmatching: The First 10 Years Why Crossmatch? Accessed September 12, 

2022. https://pdf.sciencedirectassets.com/272973/1-s2.0-

S0955470X05X80193/1-s2.0-S0955470X05800205/main.pdf?X-Amz-Security-

Token=IQoJb3JpZ2luX2VjEO3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVz

LWVhc3QtMSJIMEYCIQCyAxDbFKiUBEYuO8bawzAid48nJQgHq2rYWuGctqDTiAIh

AIluExlbFQi8gH5itl2R%2FP5RORdBIEqD%2BbuiPazBYk%2FgKtUECIb%2F%2F%2F

%2F%2F%2F%2F%2F%2F%2FwEQBRoMMDU5MDAzNTQ2ODY1IgzyfN5fWRziWk

YJ1GoqqQQTyt7zYt7r40RGwqBxgy%2F9zDdRAq%2B6OT%2BlEBp8bTyk6lVYZh2



414 

 

 

 

%2FiSvHZZz2ZlkF23QvlI2JQFfVF2h7MU%2F%2F4F%2BWQnSx7vozr43vTk51EYYZ

5nBbvoTfRFlWZDOG1wBCdTvYf5MbS1GbBH6nR%2FKXLtFZDj8tvvkhmxaNy4QH

4RhkZBVs8PCYvELELryWayNSanWD7NUKGAZaVFLl7rL3VZhkMfJ3%2B9M0Bwkq

w8sm85M2JQYOdWh4ZNYwA8uSxPAxYb9%2BEhjy7YFP7yJgFwVcXrtNMpN3A5U

tTPFpWLGyUFeMQIFdhMUEK27SmAsyc2kNmRFTx9rvSwnG6gQfehqLEt2rWxT33

edmDy8I2VmKsggr1M1D3GlyjnYFcK6DmB%2FGug162QIl7qjBLzHlJI7bdqQO3Pz4

jGZpCrmJMiUOgPwZzMedFfJUZPw6z7Fz6CtrgFDHrfNJHvj%2BjmZWR8Va%2FWz

NAJKLiJgkrH91sclpeS6WKWwdsGfDe3y9Hx78Fig5uwGjNM9WJY7AtuspYdPwlczr

DhqjyvFzqQmfHYwmgoI%2BEogM7uSfZemyqlz1jRiUoW86RE4neySz3In9xlib4ZF

O7bUoUJwIyTYemcSpqCAdEg111H22P7qBCtNP%2F2iEuXXCAYBOU49NUwB63k

2Pn7vP8JmA9mdNtXtfG7sBGdGJxQNXylNdGgiHHe%2FLs5gXRqi5gHgJccTlAP8s2

yFdy0jP4HPVjogpz%2FeGMIrw%2BpgGOqgB%2BZsYQFF8ag8f50xvQczS4aUg0N3

8YrBSti%2BAQLmiCGij54nDTCldsTTcKQF4DWJbHSb219vdspQ29lzNpa3Ds8bcIU

mynWY72qd1%2F8OcOJAHqVroTziAJcGxmlIJGUaY49%2FZ%2FJQNd1EyDrOJUfz1

iq9cA6f8VsRX9HU7j%2Bk%2FcXrAzhjeFdkeEttl5dva7RWQRaJToSI4DBmgGGn25T

j5B9z6%2BAVAJ6AF&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-

Date=20220912T055258Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-

Amz-Credential=ASIAQ3PHCVTY7UUF4PG5%2F20220912%2Fus-east-

1%2Fs3%2Faws4_request&X-Amz-

Signature=4f583b097569dcb5656dd533a390eb9d4d2bcbfd48644f9500285a4bb

2e97beb&hash=ad11ada7fe5b0444f277ff624ef4c844edd369c9cb43493568701

5cfea0350ef&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a071

76afe7c76c2c61&pii=S0955470X05800205&tid=spdf-30fc796a-a63e-443f-9c0a-

69621c8044a2&sid=a150b4417e7ef241a85a10a2be424bef3a07gxrqb&type=clie

nt&ua=4d5a5e545352520e0b02&rr=7496614adafa743b 

89. Battle RK, Henderson L, Phelan PJ, Latham K, Turner DM. A case report—Two 

manufacturers SAB testing kits can reveal different HLA antibody profiles—

Identifying prozone and denatured antigen. HLA. 2020;96(1):76-82. 

doi:10.1111/tan.13913 

90. Clark MR, Massenburg D, Siemasko K, Hou P, Zhang M. B-cell antigen receptor 

signaling requirements for targeting antigen to the MHC class II presentation 



415 

 

 

 

pathway. Curr Opin Immunol. 2004;16(3):382-387. 

doi:10.1016/j.coi.2004.03.007 

91. Lanzavecchia A. Antigen-specific interaction between T and B cells. Nature. 

1985;314(6011):537-539. doi:10.1038/314537a0 

92. Wang RX, Yu CR, Dambuza IM, et al. Interleukin-35 induces regulatory B cells 

that suppress autoimmune disease. Nat Med. 2014;20(6):633-641. 

doi:10.1038/nm.3554 

93. Shen P, Roch T, Lampropoulou V, et al. IL-35-producing B cells are critical 

regulators of immunity during autoimmune and infectious diseases. Nature. 

2014;507(7492):366-370. doi:10.1038/nature12979 

94. Iwata Y, Matsushita T, Horikawa M, et al. Characterization of a rare IL-10-

competent B-cell subset in humans that parallels mouse regulatory B10 cells. 

Blood. 2011;117(2):530-541. doi:10.1182/blood-2010-07-294249 

95. Blair PA, Noreña LY, Flores-Borja F, et al. CD19+CD24hiCD38hi B Cells Exhibit 

Regulatory Capacity in Healthy Individuals but Are Functionally Impaired in 

Systemic Lupus Erythematosus Patients. Immunity. 2010;32(1):129-140. 

doi:10.1016/j.immuni.2009.11.009 

96. Kessel A, Haj T, Peri R, et al. Human CD19+CD25high B regulatory cells suppress 

proliferation of CD4+ T cells and enhance Foxp3 and CTLA-4 expression in T-

regulatory cells. Autoimmun Rev. 2012;11(9):670-677. 

doi:10.1016/j.autrev.2011.11.018 

97. Harris DP, Haynes L, Sayles PC, et al. Reciprocal regulation of polarized cytokine 

production by effector B and T cells. Nat Immunol. 2000;1(6):475-482. 

doi:10.1038/82717 

98. Fiorentino DF, Zlotnik A, Vieira P, et al. IL-10 acts on the antigen-presenting cell 

to inhibit cytokine production by Th1 cells. J Immunol. 1991;146(10):3444-3451. 

Accessed May 30, 2023. http://www.ncbi.nlm.nih.gov/pubmed/1827484 

99. Fiorentino DF, Bond MW, Mosmann TR. Two types of mouse T helper cell. IV. 

Th2 clones secrete a factor that inhibits cytokine production by Th1 clones. 

Journal of Experimental Medicine. 1989;170(6):2081-2095. 

doi:10.1084/jem.170.6.2081 



416 

 

 

 

100. O’Garra A, Vieira P. Regulatory T cells and mechanisms of immune system 

control. Nat Med. 2004;10(8):801-805. doi:10.1038/nm0804-801 

101. Kamanaka M, Kim ST, Wan YY, et al. Expression of interleukin-10 in intestinal 

lymphocytes detected by an interleukin-10 reporter knockin tiger mouse. 

Immunity. 2006;25(6):941-952. doi:10.1016/j.immuni.2006.09.013 

102. Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A. Interleukin-10 and the 

Interleukin-10 Receptor. Annu Rev Immunol. 2001;19(1):683-765. 

doi:10.1146/annurev.immunol.19.1.683 

103. Itakura E, Huang RR, Wen DR, Paul E, Wünsch PH, Cochran AJ. IL-10 expression 

by primary tumor cells correlates with melanoma progression from radial to 

vertical growth phase and development of metastatic competence. Modern 

Pathology. 2011;24(6):801-809. doi:10.1038/modpathol.2011.5 

104. Chen Q, Daniel V, Maher DW, Hersey P. Production of IL-10 by melanoma cells: 

Examination of its role in immunosuppression mediated by melanoma. Int J 

Cancer. 1994;56(5):755-760. doi:10.1002/ijc.2910560524 

105. A J, C B, C BH, et al. Mucosal IL-10 and TGF-beta play crucial roles in preventing 

LPS-driven, IFN-gamma-mediated epithelial damage in human colon explants. J 

Clin Invest. 2008;118(3). doi:10.1172/JCI32140 

106. Saraiva M, Vieira P, O’Garra A. Biology and therapeutic potential of interleukin-

10. J Exp Med. 2020;217(1). doi:10.1084/jem.20190418 

107. Murai M, Turovskaya O, Kim G, et al. Interleukin 10 acts on regulatory T cells to 

maintain expression of the transcription factor Foxp3 and suppressive function 

in mice with colitis. Nat Immunol. 2009;10(11):1178-1184. doi:10.1038/ni.1791 

108. Yoon S Il, Logsdon NJ, Sheikh F, Donnelly RP, Walter MR. Conformational 

Changes Mediate Interleukin-10 Receptor 2 (IL-10R2) Binding to IL-10 and 

Assembly of the Signaling Complex. Journal of Biological Chemistry. 

2006;281(46):35088-35096. doi:10.1074/JBC.M606791200 

109. Riley JK, Takeda K, Akira S, Schreiber RD. Interleukin-10 Receptor Signaling 

through the JAK-STAT Pathway. Journal of Biological Chemistry. 

1999;274(23):16513-16521. doi:10.1074/jbc.274.23.16513 



417 

 

 

 

110. Finbloom DS, Winestock KD. IL-10 induces the tyrosine phosphorylation of tyk2 

and Jak1 and the differential assembly of STAT1 alpha and STAT3 complexes in 

human T cells and monocytes. J Immunol. 1995;155(3):1079-1090. Accessed 

May 31, 2023. http://www.ncbi.nlm.nih.gov/pubmed/7543512 

111. Weber-Nordt RM, Riley JK, Greenlund AC, Moore KW, Darnell JE, Schreiber RD. 

Stat3 recruitment by two distinct ligand-induced, tyrosine-phosphorylated 

docking sites in the interleukin-10 receptor intracellular domain. J Biol Chem. 

1996;271(44):27954-27961. doi:10.1074/jbc.271.44.27954 

112. Murray PJ. Understanding and exploiting the endogenous interleukin-10/STAT3-

mediated anti-inflammatory response. Curr Opin Pharmacol. 2006;6(4):379-386. 

doi:10.1016/J.COPH.2006.01.010 

113. Gabryšová L, Howes A, Saraiva M, O’Garra A. The regulation of IL-10 expression. 

Curr Top Microbiol Immunol. 2014;380:157-190. doi:10.1007/978-3-662-43492-

5_8 

114. Groux H, Bigler M, de Vries JE, Roncarolo MG. Interleukin-10 induces a long-

term antigen-specific anergic state in human CD4+ T cells. J Exp Med. 

1996;184(1):19-29. doi:10.1084/jem.184.1.19 

115. Macatonia SE, Doherty TM, Knight SC, O’Garra A. Differential effect of IL-10 on 

dendritic cell-induced T cell proliferation and IFN-gamma production. J Immunol. 

1993;150(9):3755-3765. Accessed May 31, 2023. 

http://www.ncbi.nlm.nih.gov/pubmed/8097224 

116. Itoh K, Inoue T, Ito K, Hirohata S. The interplay of interleukin-10 (IL-10) and 

interleukin-2 (IL-2) in humoral immune responses: IL-10 synergizes with IL-2 to 

enhance responses of human B lymphocytes in a mechanism which is different 

from upregulation of CD25 expression. Cell Immunol. 1994;157(2):478-488. 

doi:10.1006/cimm.1994.1243 

117. Nova-Lamperti E, Fanelli G, Becker PD, et al. IL-10-produced by human 

transitional B-cells down-regulates CD86 expression on B-cells leading to 

inhibition of CD4+T-cell responses. Sci Rep. 2016;6:20044. 

doi:10.1038/srep20044 



418 

 

 

 

118. Taylor A, Verhagen J, Blaser K, Akdis M, Akdis CA. Mechanisms of immune 

suppression by interleukin-10 and transforming growth factor-beta: the role of T 

regulatory cells. Immunology. 2006;117(4):433-442. doi:10.1111/j.1365-

2567.2006.02321.x 

119. Kim HS, Lee JH, Han HD, et al. Autocrine stimulation of IL-10 is critical to the 

enrichment of IL-10-producing CD40(hi)CD5(+) regulatory B cells in vitro and in 

vivo. BMB Rep. 2015;48(1):54-59. doi:10.5483/bmbrep.2015.48.1.213 

120. Rousset F, Garcia E, Defrance T, et al. Interleukin 10 is a potent growth and 

differentiation factor for activated human B lymphocytes. Proc Natl Acad Sci U S 

A. 1992;89(5):1890-1893. doi:10.1073/pnas.89.5.1890 

121. Burdin N, Rousset F, Banchereau J. B-cell-derived IL-10: production and function. 

Methods. 1997;11(1):98-111. doi:10.1006/meth.1996.0393 

122. Duddy ME, Alter A, Bar-Or A. Distinct profiles of human B cell effector cytokines: 

a role in immune regulation? J Immunol. 2004;172(6):3422-3427. 

doi:10.4049/jimmunol.172.6.3422 

123. Duddy M, Niino M, Adatia F, et al. Distinct effector cytokine profiles of memory 

and naive human B cell subsets and implication in multiple sclerosis. J Immunol. 

2007;178(10):6092-6099. doi:10.4049/jimmunol.178.10.6092 

124. Cherukuri A, Rothstein DM, Clark B, et al. Immunologic human renal allograft 

injury associates with an altered IL-10/TNF-α expression ratio in regulatory B 

cells. J Am Soc Nephrol. 2014;25(7):1575-1585. doi:10.1681/ASN.2013080837 

125. Mizoguchi A, Mizoguchi E, Takedatsu H, Blumberg RS, Bhan AK. Chronic 

intestinal inflammatory condition generates IL-10-producing regulatory B cell 

subset characterized by CD1d upregulation. Immunity. 2002;16(2):219-230. 

Accessed June 15, 2017. http://www.ncbi.nlm.nih.gov/pubmed/11869683 

126. KATZ SI, PARKER D, TURK JL. B-cell suppression of delayed hypersensitivity 

reactions. Nature. 1974;251(5475):550-551. doi:10.1038/251550a0 

127. Mauri C, Gray D, Mushtaq N, Londei M. Prevention of arthritis by interleukin 10-

producing B cells. J Exp Med. 2003;197(4):489-501. doi:10.1084/JEM.20021293 



419 

 

 

 

128. Fillatreau S, Sweenie CH, McGeachy MJ, Gray D, Anderton SM. B cells regulate 

autoimmunity by provision of IL-10. Nat Immunol. 2002;3(10):944-950. 

doi:10.1038/NI833 

129. Watanabe R, Ishiura N, Nakashima H, et al. Regulatory B cells (B10 cells) have a 

suppressive role in murine lupus: CD19 and B10 cell deficiency exacerbates 

systemic autoimmunity. J Immunol. 2010;184(9):4801-4809. 

doi:10.4049/jimmunol.0902385 

130. Dass S, Vital EM, Emery P. Development of psoriasis after B cell depletion with 

rituximab. Arthritis Rheum. 2007;56(8):2715-2718. doi:10.1002/ART.22811 

131. Goetz M, Atreya R, Ghalibafian M, Galle PR, Neurath MF. Exacerbation of 

ulcerative colitis after rituximab salvage therapy. Inflamm Bowel Dis. 

2007;13(11):1365-1368. doi:10.1002/IBD.20215 

132. Bankó Z, Pozsgay J, Szili D, et al. Induction and Differentiation of IL-10-Producing 

Regulatory B Cells from Healthy Blood Donors and Rheumatoid Arthritis 

Patients. J Immunol. 2017;198(4):1512-1520. doi:10.4049/jimmunol.1600218 

133. Mauri C, Menon M. Human regulatory B cells in health and disease: therapeutic 

potential. J Clin Invest. 2017;127(3):772-779. doi:10.1172/JCI85113 

134. Zheng J, Liu Y, Qin G, et al. Efficient induction and expansion of human 

alloantigen-specific CD8 regulatory T cells from naive precursors by CD40-

activated B cells. J Immunol. 2009;183(6):3742-3750. 

doi:10.4049/jimmunol.0901329 

135. Zheng J, Liu Y, Lau YL, Tu W. CD40-activated B cells are more potent than 

immature dendritic cells to induce and expand CD4(+) regulatory T cells. Cell 

Mol Immunol. 2010;7(1):44-50. doi:10.1038/cmi.2009.103 

136. Tu W, Lau YL, Zheng J, et al. Efficient generation of human alloantigen-specific 

CD4+ regulatory T cells from naive precursors by CD40-activated B cells. Blood. 

2008;112(6):2554-2562. doi:10.1182/blood-2008-04-152041 

137. Rosser EC, Mauri C. Regulatory B cells: origin, phenotype, and function. 

Immunity. 2015;42(4):607-612. doi:10.1016/j.immuni.2015.04.005 

138. Mauri C, Bosma A. Immune regulatory function of B cells. Annu Rev Immunol. 

2012;30:221-241. doi:10.1146/ANNUREV-IMMUNOL-020711-074934 



420 

 

 

 

139. Lampropoulou V, Hoehlig K, Roch T, et al. TLR-activated B cells suppress T cell-

mediated autoimmunity. J Immunol. 2008;180(7):4763-4773. 

doi:10.4049/JIMMUNOL.180.7.4763 

140. Cherukuri A, Salama AD, Carter C, et al. An Analysis of Lymphocyte Phenotype 

After Steroid Avoidance With Either Alemtuzumab or Basiliximab Induction in 

Renal Transplantation. American Journal of Transplantation. 2012;12(4):919-

931. doi:10.1111/j.1600-6143.2011.03891.x 

141. Cherukuri A, Salama AD, Carter CR, et al. Reduced human transitional B cell 

T1/T2 ratio is associated with subsequent deterioration in renal allograft 

function. Kidney Int. 2017;91(1):183-195. doi:10.1016/j.kint.2016.08.028 

142. Ajith A, Mamouni K, Musa A, et al. IL-10-producing memory B regulatory cells as 

a novel target for HLA-G to prolong human kidney allograft survival. Hum 

Immunol. Published online March 2023. doi:10.1016/J.HUMIMM.2023.03.003 

143. Matsumoto M, Baba A, Yokota T, et al. Interleukin-10-producing plasmablasts 

exert regulatory function in autoimmune inflammation. Immunity. 2014;41(6). 

doi:10.1016/j.immuni.2014.10.016 

144. Eriksson P, Sandell C, Backteman K, Ernerudh J. B cell abnormalities in 

Wegener’s granulomatosis and microscopic polyangiitis: role of CD25+-

expressing B cells. J Rheumatol. 2010;37(10):2086-2095. 

doi:10.3899/jrheum.100074 

145. Abebe EC, Dejenie TA, Ayele TM, Baye ND, Teshome AA, Muche ZT. The Role of 

Regulatory B Cells in Health and Diseases: A Systemic Review. J Inflamm Res. 

2021;14:75. doi:10.2147/JIR.S286426 

146. Fillatreau S, Sweenie CH, McGeachy MJ, Gray D, Anderton SM. B cells regulate 

autoimmunity by provision of IL-10. Nat Immunol. 2002;3(10):944-950. 

doi:10.1038/ni833 

147. Mauri C, Gray D, Mushtaq N, Londei M. Prevention of arthritis by interleukin 10-

producing B cells. J Exp Med. 2003;197(4):489-501. doi:10.1084/jem.20021293 

148. Shipkova M, Wieland E. Surface markers of lymphocyte activation and markers 

of cell proliferation. Clin Chim Acta. 2012;413(17-18):1338-1349. 

doi:10.1016/j.cca.2011.11.006 



421 

 

 

 

149. Banchereau J, Bazan F, Blanchard D, et al. The CD40 antigen and its ligand. Annu 

Rev Immunol. 1994;12:881-922. doi:10.1146/annurev.iy.12.040194.004313 

150. Miyashita T, McIlraith MJ, Grammer AC, et al. Bidirectional regulation of human 

B cell responses by CD40-CD40 ligand interactions. J Immunol. 

1997;158(10):4620-4633. 

151. Fillatreau S, Sweenie CH, McGeachy MJ, Gray D, Anderton SM. B cells regulate 

autoimmunity by provision of IL-10. Nat Immunol. 2002;3(10):944-950. 

doi:10.1038/ni833 

152. Mauri C, Mars LT, Londei M. Therapeutic activity of agonistic monoclonal 

antibodies against CD40 in a chronic autoimmune inflammatory process. Nat 

Med. 2000;6(6):673-679. doi:10.1038/76251 

153. Lampropoulou V, Calderon-Gomez E, Roch T, et al. Suppressive functions of 

activated B cells in autoimmune diseases reveal the dual roles of Toll-like 

receptors in immunity. Immunol Rev. 2010;233(1):146-161. doi:10.1111/j.0105-

2896.2009.00855.x 

154. Mizoguchi A, Bhan AK. A Case for Regulatory B Cells. The Journal of Immunology. 

2006;176(2):705-710. doi:10.4049/jimmunol.176.2.705 

155. Bouaziz JD, Calbo S, Maho-Vaillant M, et al. IL-10 produced by activated human 

B cells regulates CD4+ T-cell activation in vitro. Eur J Immunol. 

2010;40(10):2686-2691. doi:10.1002/eji.201040673 

156. Barr TA, Brown S, Ryan G, Zhao J, Gray D. TLR-mediated stimulation of APC: 

Distinct cytokine responses of B cells and dendritic cells. Eur J Immunol. 

2007;37(11):3040-3053. doi:10.1002/eji.200636483 

157. Gantner F, Hermann P, Nakashima K, Matsukawa S, Sakai K, Bacon KB. CD40-

dependent and -independent activation of human tonsil B cells by CpG 

oligodeoxynucleotides. Eur J Immunol. 2003;33(6):1576-1585. 

doi:10.1002/eji.200323444 

158. Lindner S, Dahlke K, Sontheimer K, et al. Interleukin 21-induced granzyme B-

expressing B cells infiltrate tumors and regulate T cells. Cancer Res. 

2013;73(8):2468-2479. doi:10.1158/0008-5472.CAN-12-3450 



422 

 

 

 

159. Sims GP, Ettinger R, Shirota Y, Yarboro CH, Illei GG, Lipsky PE. Identification and 

characterization of circulating human transitional B cells. Blood. 

2005;105(11):4390-4398. doi:10.1182/blood-2004-11-4284 

160. Knechtle SJ, Pirsch JD, H  Fechner J, et al. Campath-1H induction plus rapamycin 

monotherapy for renal transplantation: results of a pilot study. Am J Transplant. 

2003;3(6):722-730. doi:10.1034/j.1600-6143.2003.00120.x 

161. Thompson SAJ, Jones JL, Cox AL, Compston DAS, Coles AJ. B-Cell Reconstitution 

and BAFF After Alemtuzumab (Campath-1H) Treatment of Multiple Sclerosis. J 

Clin Immunol. 2010;30(1):99-105. doi:10.1007/s10875-009-9327-3 

162. Brisslert M, Bokarewa M, Larsson P, Wing K, Collins LV, Tarkowski A. Phenotypic 

and functional characterization of human CD25+ B cells. Immunology. 

2006;117(4):548-557. doi:10.1111/j.1365-2567.2006.02331.x 

163. Longshan L, Dongwei L, Qian F, et al. Dynamic Analysis of B-Cell Subsets in De 

Novo Living Related Kidney Transplantation With Induction Therapy of 

Basiliximab. Transplant Proc. 2014;46(2):363-367. 

doi:10.1016/J.TRANSPROCEED.2013.12.033 

164. Heidt S, Hester J, Shankar S, Friend PJ, Wood KJ. B cell repopulation after 

alemtuzumab induction-transient increase in transitional B cells and long-term 

dominance of naïve B cells. Am J Transplant. 2012;12(7):1784-1792. 

doi:10.1111/j.1600-6143.2012.04012.x 

165. Todeschini M, Cortinovis M, Perico N, et al. In kidney transplant patients, 

alemtuzumab but not basiliximab/low-dose rabbit anti-thymocyte globulin 

induces B cell depletion and regeneration, which associates with a high 

incidence of de novo donor-specific anti-HLA antibody development. J Immunol. 

2013;191(5):2818-2828. doi:10.4049/jimmunol.1203261 

166. Le Gallou S, Caron G, Delaloy C, Rossille D, Tarte K, Fest T. IL-2 requirement for 

human plasma cell generation: coupling differentiation and proliferation by 

enhancing MAPK-ERK signaling. J Immunol. 2012;189(1):161-173. 

doi:10.4049/jimmunol.1200301 

167. Traitanon O, Mathew JM, La Monica G, Xu L, Mas V, Gallon L. Differential Effects 

of Tacrolimus versus Sirolimus on the Proliferation, Activation and 



423 

 

 

 

Differentiation of Human B Cells. Unutmaz D, ed. PLoS One. 

2015;10(6):e0129658. doi:10.1371/journal.pone.0129658 

168. Bottomley MJ, Chen M, Fuggle S, Harden PN, Wood KJ. Application of 

Operational Tolerance Signatures Are Limited by Variability and Type of 

Immunosuppression in Renal Transplant Recipients: A Cross-Sectional Study. 

Published online 2016. doi:10.1097/TXD.0000000000000638 

169. Rebollo-Mesa I, Nova-Lamperti E, Mobillo P, et al. Biomarkers of Tolerance in 

Kidney Transplantation: Are We Predicting Tolerance or Response to 

Immunosuppressive Treatment? American Journal of Transplantation. 

2016;16(12):3443-3457. doi:10.1111/ajt.13932 

170. Heidt S, Roelen DL, Eijsink C, et al. Calcineurin inhibitors affect B cell antibody 

responses indirectly by interfering with T cell help. Clin Exp Immunol. 

2010;159(2):199-207. doi:10.1111/j.1365-2249.2009.04051.x 

171. Song J, Du G, Chen W, et al. The advantage of Sirolimus in amplifying regulatory 

B cells and regulatory T cells in liver transplant patients. Eur J Pharmacol. 

2020;869:172872. doi:10.1016/j.ejphar.2019.172872 

172. Bottomley MJ, Harden PN, Wood KJ. CD8+ Immunosenescence Predicts Post-

Transplant Cutaneous Squamous Cell Carcinoma in High-Risk Patients. J Am Soc 

Nephrol. 2016;27(5):1505-1515. doi:10.1681/ASN.2015030250 

173. Kamburova EG, Koenen HJPM, van den Hoogen MWF, Baas MC, Joosten I, 

Hilbrands LB. Longitudinal analysis of T and B cell phenotype and function in 

renal transplant recipients with or without rituximab induction therapy. PLoS 

One. 2014;9(11):e112658. doi:10.1371/journal.pone.0112658 

174. Ikemiyagi M, Hirai T, Ishii R, Miyairi S, Okumi M, Tanabe K. Transitional B Cells 

Predominantly Reconstituted After a Desensitization Therapy Using Rituximab 

Before Kidney Transplantation. Ther Apher Dial. 2017;21(2):139-149. 

doi:10.1111/1744-9987.12508 

175. Lefaucheur C, Loupy A, Vernerey D, et al. Antibody-mediated vascular rejection 

of kidney allografts: a population-based study. Lancet. 2013;381(9863):313-319. 

doi:10.1016/S0140-6736(12)61265-3 



424 

 

 

 

176. Guidicelli G, Guerville F, Lepreux S, et al. Non-Complement-Binding De Novo 

Donor-Specific Anti-HLA Antibodies and Kidney Allograft Survival. Journal of the 

American Society of Nephrology. 2016;27(2):615-625. 

doi:10.1681/ASN.2014040326 

177. Kasiske BL, Andany MA, Danielson B. A thirty percent chronic decline in inverse 

serum creatinine is an excellent predictor of late renal allograft failure. Am J 

Kidney Dis. 2002;39(4):762-768. doi:10.1053/ajkd.2002.31996 

178. Cosio FG, Gloor JM, Sethi S, Stegall MD. Transplant glomerulopathy. Am J 

Transplant. 2008;8(3):492-496. doi:10.1111/j.1600-6143.2007.02104.x 

179. Schinstock CA, Stegall M, Cosio F. New insights regarding chronic antibody-

mediated rejection and its progression to transplant glomerulopathy. Curr Opin 

Nephrol Hypertens. 2014;23(6):611-618. doi:10.1097/MNH.0000000000000070 

180. Cherukuri A, Welberry-Smith MP, Tattersall JE, et al. The Clinical Significance of 

Early Proteinuria After Renal Transplantation. Transplantation. 2010;89(2):200-

207. doi:10.1097/TP.0b013e3181c352c5 

181. EFI Standards Committee. Standards for Histocompatibility and Immunogenetics 

testing. 

182. Anani WQ, Zeevi A, Lunz JG. EDTA Treatment of Serum Unmasks Complement-

Mediated Prozone Inhibition in Human Leukocyte Antigen Antibody Testing. Am 

J Clin Pathol. 2016;146(3):346-352. doi:10.1093/ajcp/aqw116 

183. Zalewska K, Kidney Advisory Group. Kidney Transplantation: Deceased Donor 

Organ Allocation, POLICY POL186/9.; 2018. Accessed January 17, 2019. 

http://www.odt.nhs.uk/transplantation/tools-policies-and-guidance/policies-

and-guidance/ 

184. Anolik JH, Barnard J, Owen T, et al. Delayed memory B cell recovery in 

peripheral blood and lymphoid tissue in systemic lupus erythematosus after B 

cell depletion therapy. Arthritis Rheum. 2007;56(9):3044-3056. 

doi:10.1002/art.22810 

185. Palanichamy A, Barnard J, Zheng B, et al. Novel Human Transitional B Cell 

Populations Revealed by B Cell Depletion Therapy. The Journal of Immunology. 



425 

 

 

 

2009;182(10). Accessed March 31, 2017. 

http://www.jimmunol.org/content/182/10/5982.long 

186. Shuker N, van Gelder T, Hesselink DA. Intra-patient variability in tacrolimus 

exposure: Causes, consequences for clinical management. Transplant Rev. 

2015;29(2):78-84. doi:10.1016/J.TRRE.2015.01.002 

187. Borra LCP, Roodnat JI, Kal JA, Mathot RAA, Weimar W, van Gelder T. High 

within-patient variability in the clearance of tacrolimus is a risk factor for poor 

long-term outcome after kidney transplantation. Nephrology Dialysis 

Transplantation. 2010;25(8):2757-2763. doi:10.1093/ndt/gfq096 

188. Hale G, Bright S, Chumbley G, et al. Removal of T cells from bone marrow for 

transplantation: a monoclonal antilymphocyte antibody that fixes human 

complement. Blood. 1983;62(4):873-882. Accessed August 24, 2017. 

http://www.ncbi.nlm.nih.gov/pubmed/6349718 

189. Hale G, Waldmann H, Friend P, Calne R. Pilot study of CAMPATH-1, a rat 

monoclonal antibody that fixes human complement, as an immunosuppressant 

in organ transplantation. Transplantation. 1986;42(3):308-311. Accessed August 

24, 2017. http://www.ncbi.nlm.nih.gov/pubmed/3529531 

190. Friend PJ, Hale G, Waldmann H, et al. Campath-1M--prophylactic use after 

kidney transplantation. A randomized controlled clinical trial. Transplantation. 

1989;48(2):248-253. Accessed August 24, 2017. 

http://www.ncbi.nlm.nih.gov/pubmed/2667209 

191. Friend PJ, Waldmann H, Hale G, et al. Reversal of allograft rejection using the 

monoclonal antibody, Campath-1G. Transplant Proc. 1991;23(4):2253-2254. 

Accessed August 24, 2017. http://www.ncbi.nlm.nih.gov/pubmed/1908152 

192. Calne R, Friend P, Moffatt S, et al. Prope tolerance, perioperative campath 1H, 

and low-dose cyclosporin monotherapy in renal allograft recipients. Lancet. 

1998;351(9117):1701-1702. doi:10.1016/S0140-6736(05)77739-4 

193. Watson CJEE, Bradley JRA, Friend PJ, et al. Alemtuzumab (CAMPATH 1H) 

Induction Therapy in Cadaveric Kidney Transplantation-Efficacy and Safety at 

Five Years. American Journal of Transplantation. 2005;5(6):1347-1353. 

doi:10.1111/j.1600-6143.2005.00822.x 



426 

 

 

 

194. Starzl TE, Murase N, Abu-Elmagd K, et al. Tolerogenic immunosuppression for 

organ transplantation. Lancet. 2003;361(9368):1502-1510. Accessed August 24, 

2017. http://www.ncbi.nlm.nih.gov/pubmed/12737859 

195. Ciancio G, Burke GW, Gaynor JJ, et al. The use of Campath-1H as induction 

therapy in renal transplantation: preliminary results. Transplantation. 

2004;78(3):426-433. Accessed August 24, 2017. 

http://www.ncbi.nlm.nih.gov/pubmed/15316372 

196. Knechtle SJ, Fernandez LA, Pirsch JD, et al. Campath-1H in renal transplantation: 

The University of Wisconsin experience. Surgery. 2004;136(4):754-760. 

doi:10.1016/j.surg.2004.06.015 

197. Kaufman DB, Leventhal JR, Axelrod D, Gallon LG, Parker MA, Stuart FP. 

Alemtuzumab Induction and Prednisone-Free Maintenance Immunotherapy in 

Kidney Transplantation: Comparison with Basiliximab Induction-Long-Term 

Results. American Journal of Transplantation. 2005;5(10):2539-2548. 

doi:10.1111/j.1600-6143.2005.01067.x 

198. Shapiro R, Basu A, Tan H, et al. Kidney transplantation under minimal 

immunosuppression after pretransplant lymphoid depletion with Thymoglobulin 

or Campath. J Am Coll Surg. 2005;200(4):505-515; quiz A59-61. 

doi:10.1016/j.jamcollsurg.2004.12.024 

199. Brett S, Baxter G, Cooper H, Johnston JM, Tite J, Rapson N. Repopulation of 

blood lymphocyte sub-populations in rheumatoid arthritis patients treated with 

the depleting humanized monoclonal antibody, CAMPATH-1H. Immunology. 

1996;88(1):13-19. Accessed August 24, 2017. 

http://www.ncbi.nlm.nih.gov/pubmed/8707338 

200. Wu Z, Bensinger SJ, Zhang J, et al. Homeostatic proliferation is a barrier to 

transplantation tolerance. Nat Med. 2004;10(1):87-92. doi:10.1038/nm965 

201. Kirk AD, Hale DA, Swanson SJ, Mannon RB. Autoimmune Thyroid Disease After 

Renal Transplantation Using Depletional Induction with Alemtuzumab. American 

Journal of Transplantation. 2006;6(5p1):1084-1085. doi:10.1111/j.1600-

6143.2006.01258.x 



427 

 

 

 

202. Cuker A, Coles AJ, Sullivan H, et al. A distinctive form of immune 

thrombocytopenia in a phase 2 study of alemtuzumab for the treatment of 

relapsing-remitting multiple sclerosis. Blood. 2011;118(24):6299-6305. 

doi:10.1182/blood-2011-08-371138 

203. Reda G, Maura F, Gritti G, et al. Low-dose alemtuzumab-associated immune 

thrombocytopenia in chronic lymphocytic leukemia. Am J Hematol. 

2012;87(9):936-937. doi:10.1002/ajh.23268 

204. Gruessner RWG, Kandaswamy R, Humar A, Gruessner AC, Sutherland DER. 

Calcineurin inhibitor- and steroid-free immunosuppression in pancreas-kidney 

and solitary pancreas transplantation. Transplantation. 2005;79(9):1184-1189. 

Accessed August 24, 2017. http://www.ncbi.nlm.nih.gov/pubmed/15880067 

205. Nath DS, Kandaswamy R, Gruessner R, Sutherland DER, Dunn DL, Humar A. 

Fungal infections in transplant recipients receiving alemtuzumab. Transplant 

Proc. 2005;37(2):934-936. doi:10.1016/j.transproceed.2005.01.054 

206. Martin SI, Marty FM, Fiumara K, Treon SP, Gribben JG, Baden LR. Infectious 

Complications Associated with Alemtuzumab Use for Lymphoproliferative 

Disorders. Clinical Infectious Diseases. 2006;43(1):16-24. doi:10.1086/504811 

207. Peleg AY, Husain S, Kwak EJ, et al. Opportunistic Infections in 547 Organ 

Transplant Recipients Receiving Alemtuzumab, a Humanized Monoclonal CD-52 

Antibody. Clinical Infectious Diseases. 2007;44(2):204-212. doi:10.1086/510388 

208. Chan K, Taube D, Roufosse C, et al. Kidney Transplantation With Minimized 

Maintenance: Alemtuzumab Induction With Tacrolimus Monotherapy—An 

Open Label, Randomized Trial. Transplantation. 2011;92(7):774-780. 

doi:10.1097/TP.0b013e31822ca7ca 

209. Welberry Smith MP, Cherukuri A, Newstead CG, et al. Alemtuzumab Induction in 

Renal Transplantation Permits Safe Steroid Avoidance with Tacrolimus 

Monotherapy. Transplantation Journal. 2013;96(12):1082-1088. 

doi:10.1097/TP.0b013e3182a64db9 

210. Hanaway MJ, Woodle ES, Mulgaonkar S, et al. Alemtuzumab induction in renal 

transplantation. N Engl J Med. 2011;364(20):1909-1919. 

doi:10.1056/NEJMoa1009546 



428 

 

 

 

211. Haynes R, Harden P, Judge P, et al. Alemtuzumab-based induction treatment 

versus basiliximab-based induction treatment in kidney transplantation (the 3C 

Study): a randomised trial. Lancet. 2014;384(9955):1684-1690. 

doi:10.1016/S0140-6736(14)61095-3 

212. Kirk AD, Cherikh WS, Ring M, et al. Dissociation of depletional induction and 

posttransplant lymphoproliferative disease in kidney recipients treated with 

alemtuzumab. American Journal of Transplantation. 2007;7(11):2619-2625. 

doi:10.1111/j.1600-6143.2007.01972.x 

213. Anderson AE, Lorenzi AR, Pratt A, et al. Immunity 12 years after alemtuzumab in 

RA: CD5+ B-cell depletion, thymus-dependent T-cell reconstitution and normal 

vaccine responses. Rheumatology. 2012;51(8):1397-1406. 

doi:10.1093/rheumatology/kes038 

214. Puttarajappa C, Yabes J, Bei L, et al. Cancer risk with alemtuzumab following 

kidney transplantation. Clin Transplant. 2013;27(3):E264-71. 

doi:10.1111/ctr.12094 

215. Hall EC, Engels EA, Pfeiffer RM, Segev DL. Association of antibody induction 

immunosuppression with cancer after kidney transplantation. Transplantation. 

2015;99(5):1051-1057. doi:10.1097/TP.0000000000000449 

216. Helfrich M, Ison MG. Opportunistic infections complicating solid organ 

transplantation with alemtuzumab induction. Transpl Infect Dis. 2015;17(5):627-

636. doi:10.1111/tid.12428 

217. Serrano OK, Friedmann P, Ahsanuddin S, Millan C, Ben-Yaacov A, Kayler LK. 

Outcomes Associated with Steroid Avoidance and Alemtuzumab among Kidney 

Transplant Recipients. Clin J Am Soc Nephrol. 2015;10(11):2030-2038. 

doi:10.2215/CJN.12161214 

218. Willicombe M, Goodall D, McLean AG, Taube D. Alemtuzumab dose adjusted for 

body weight is associated with earlier lymphocyte repletion and less infective 

episodes in the first year post renal transplantation - a retrospective study. 

Transpl Int. Published online May 11, 2017. doi:10.1111/tri.12978 

219. Veenstra DL, Best JH, Hornberger J, Sullivan SD, Hricik DE. Incidence and long-

term cost of steroid-related side effects after renal transplantation. Am J Kidney 



429 

 

 

 

Dis. 1999;33(5):829-839. Accessed February 14, 2017. 

http://www.ncbi.nlm.nih.gov/pubmed/10213637 

220. LaMattina JC, Mezrich JD, Hofmann RM, et al. Alemtuzumab as compared to 

alternative contemporary induction regimens. Transpl Int. 2012;25(5):518-526. 

doi:10.1111/j.1432-2277.2012.01448.x 

221. Watson CJE, Bradley JA, Friend PJ, et al. Alemtuzumab (CAMPATH 1H) Induction 

Therapy in Cadaveric Kidney Transplantation-Efficacy and Safety at Five Years. 

American Journal of Transplantation. 2005;5(6):1347-1353. doi:10.1111/j.1600-

6143.2005.00822.x 

222. Morgan RD, O’Callaghan JM, Knight SR, Morris PJ. Alemtuzumab Induction 

Therapy in Kidney Transplantation. Transplantation Journal. 2012;93(12):1179-

1188. doi:10.1097/TP.0b013e318257ad41 

223. Tan HP, Kaczorowski DJ, Basu A, et al. Living donor renal transplantation using 

alemtuzumab induction and tacrolimus monotherapy. Am J Transplant. 

2006;6(10):2409-2417. doi:10.1111/j.1600-6143.2006.01495.x 

224. Zheng J, Song W. Alemtuzumab versus antithymocyte globulin induction 

therapies in kidney transplantation patients. Medicine. 2017;96(28):e7151. 

doi:10.1097/MD.0000000000007151 

225. Koyawala N, Silber JH, Rosenbaum PR, et al. Comparing Outcomes between 

Antibody Induction Therapies in Kidney Transplantation. J Am Soc Nephrol. 

2017;28(7):2188-2200. doi:10.1681/ASN.2016070768 

226. Hill P, Cross NB, Barnett ANR, Palmer SC, Webster AC. Polyclonal and 

monoclonal antibodies for induction therapy in kidney transplant recipients. In: 

Hill P, ed. Cochrane Database of Systematic Reviews. Vol 1. John Wiley & Sons, 

Ltd; 2017:CD004759. doi:10.1002/14651858.CD004759.pub2 

227. Hurst FP, Altieri M, Nee R, Agodoa LY, Abbott KC, Jindal RM. Poor outcomes in 

elderly kidney transplant recipients receiving alemtuzumab induction. Am J 

Nephrol. 2011;34(6):534-541. doi:10.1159/000334092 

228. Clatworthy MR, Friend PJ, Calne RY, et al. Alemtuzumab (CAMPATH-1H) for the 

Treatment of Acute Rejection in Kidney Transplant Recipients: Long-Term 



430 

 

 

 

Follow-Up. Transplantation. 2009;87(7):1092-1095. 

doi:10.1097/TP.0b013e31819d3353 

229. Bouvy AP, Klepper M, Betjes MGH, Weimar W, Hesselink DA, Baan CC. 

Alemtuzumab as Antirejection Therapy: T Cell Repopulation and Cytokine 

Responsiveness. Transplant Direct. 2016;2(6):e83. 

doi:10.1097/TXD.0000000000000595 

230. Morbach H, Eichhorn EM, Liese JG, Girschick HJ. Reference values for B cell 

subpopulations from infancy to adulthood. Clin Exp Immunol. 2010;162(2):271-

279. doi:10.1111/j.1365-2249.2010.04206.x 

231. Heidt S, Hester J, Shankar S, Friend PJ, Wood KJ. B cell repopulation after 

alemtuzumab induction-transient increase in transitional B cells and long-term 

dominance of naïve B cells. Am J Transplant. 2012;12(7):1784-1792. 

doi:10.1111/j.1600-6143.2012.04012.x 

232. D’Costa S, Slobod K, Benaim E, et al. Effect of extended immunosuppressive 

drug treatment on B cell vs T cell reconstitution in pediatric bone marrow 

transplant recipients. Bone Marrow Transplant. 2001;28(6):573-580. 

doi:10.1038/sj.bmt.1703185 

233. Svachova V, Sekerkova A, Hruba P, et al. Dynamic changes of B-cell 

compartments in kidney transplantation: lack of transitional B cells is associated 

with allograft rejection. Transplant International. 2016;29(5):540-548. 

doi:10.1111/tri.12751 

234. Vaziri ND, Pahl M V, Crum A, Norris K. Effect of uremia on structure and function 

of immune system. J Ren Nutr. 2012;22(1):149-156. 

doi:10.1053/j.jrn.2011.10.020 

235. Clatworthy MR, Watson CJE, Plotnek G, et al. B-cell-depleting induction therapy 

and acute cellular rejection. N Engl J Med. 2009;360(25):2683-2685. 

doi:10.1056/NEJMc0808481 

236. Alfaro R, Legaz I, González-Martínez G, et al. Monitoring of b cell in kidney 

transplantation: Development of a novel clusters analysis and role of 

transitional b cells in transplant outcome. Diagnostics. 2021;11(4):641. 

doi:10.3390/DIAGNOSTICS11040641/S1 



431 

 

 

 

237. Ciocca M, Zaffina S, Fernandez Salinas A, et al. Evolution of Human Memory B 

Cells From Childhood to Old Age. Front Immunol. 2021;12. 

doi:10.3389/FIMMU.2021.690534 

238. Ma S, Wang C, Mao X, Hao Y. R Cells dysfunction associated with aging and 

autoimmune disease. Front Immunol. 2019;10(FEB):422305. 

doi:10.3389/FIMMU.2019.00318/BIBTEX 

239. Moreira A, Munteis E, Vera A, et al. Delayed B cell repopulation after rituximab 

treatment in multiple sclerosis patients with expanded adaptive natural killer 

cells. Eur J Neurol. 2022;29(7):2015-2023. doi:10.1111/ENE.15312 

240. Shabir S, Girdlestone J, Briggs D, et al. Transitional B Lymphocytes Are 

Associated With Protection From Kidney Allograft Rejection: A Prospective 

Study. American Journal of Transplantation. 2015;15(5):1384-1391. 

doi:10.1111/AJT.13122 

241. Simon D, Balogh P, Erdő-Bonyár S, et al. Increased Frequency of Activated 

Switched Memory B Cells and Its Association With the Presence of Pulmonary 

Fibrosis in Diffuse Cutaneous Systemic Sclerosis Patients. Front Immunol. 

2021;12:686483. doi:10.3389/fimmu.2021.686483 

242. Rodríguez-Bayona B, Ramos-Amaya A, Pérez-Venegas JJ, Rodríguez C, Brieva JA. 

Decreased frequency and activated phenotype of blood CD27 IgD IgM B 

lymphocytes is a permanent abnormality in systemic lupus erythematosus 

patients. Arthritis Res Ther. 2010;12(3). doi:10.1186/AR3042 

243. Roberts MEP, Kaminski D, Jenks SA, et al. Primary Sjögren’s syndrome is 

characterized by distinct phenotypic and transcriptional profiles of IgD+ 

unswitched memory B cells. Arthritis Rheumatol. 2014;66(9):2558-2569. 

doi:10.1002/ART.38734 

244. Wang YY, Zhang L, Zhao PW, et al. Functional implications of regulatory B cells in 

human IgA nephropathy. Scand J Immunol. 2014;79(1):51-60. 

doi:10.1111/sji.12128 

245. Liu J, Qu Z, Chen H, Sun W, Jiang Y. Increased levels of circulating class-switched 

memory B cells and plasmablasts are associated with serum immunoglobulin G 



432 

 

 

 

in primary focal segmental glomerulosclerosis patients. Int Immunopharmacol. 

2021;98. doi:10.1016/j.intimp.2021.107839 

246. Sagoo P, Perucha E, Sawitzki B, et al. Development of a cross-platform 

biomarker signature to detect renal transplant tolerance in humans. J Clin 

Invest. 2010;120(6):1848-1861. doi:10.1172/JCI39922 

247. Wiebe C, Gibson IW, Blydt-Hansen TD, et al. Rates and Determinants of 

Progression to Graft Failure in Kidney Allograft Recipients With De Novo Donor-

Specific Antibody. American Journal of Transplantation. 2015;15(11):2921-2930. 

doi:10.1111/ajt.13347 

248. Konvalinka A, Tinckam K. Utility of HLA Antibody Testing in Kidney 

Transplantation. Journal of the American Society of Nephrology. 

2015;26(7):1489-1502. doi:10.1681/ASN.2014080837 

249. Heilman RL, Nijim A, Desmarteau YM, et al. De Novo Donor-Specific Human 

Leukocyte Antigen Antibodies Early After Kidney Transplantation. 

Transplantation. 2014;98(12):1310-1315. doi:10.1097/TP.0000000000000216 

250. Everly MJ, Rebellato LM, Haisch CE, et al. Incidence and Impact of De Novo 

Donor-Specific Alloantibody in Primary Renal Allografts. Transplantation. 

2013;95(3):410-417. doi:10.1097/TP.0b013e31827d62e3 

251. Fotheringham J, Angel C, Goodwin J, Harmer AW, McKane WS. Natural History 

of Proteinuria in Renal Transplant Recipients Developing De Novo Human 

Leukocyte Antigen Antibodies. Transplantation. 2011;91(9):991-996. 

doi:10.1097/TP.0b013e3182126ed0 

252. Rush DN, Nickerson P, Jeffery JR, McKenna RM, Grimm PC, Gough J. Protocol 

biopsies in renal transplantation: research tool or clinically useful? Curr Opin 

Nephrol Hypertens. 1998;7(6):691-694. doi:10.1097/00041552-199811000-

00012 

253. Loupy A, Vernerey D, Tinel C, et al. Subclinical Rejection Phenotypes at 1 Year 

Post-Transplant and Outcome of Kidney Allografts. Journal of the American 

Society of Nephrology. 2015;26(7):1721-1731. doi:10.1681/ASN.2014040399 



433 

 

 

 

254. Kurtkoti J, Sakhuja V, Sud K, et al. The utility of 1- and 3-month protocol biopsies 

on renal allograft function: a randomized controlled study. Am J Transplant. 

2008;8(2):317-323. doi:10.1111/j.1600-6143.2007.02049.x 

255. Rush D, Nickerson P, Gough J, et al. Beneficial effects of treatment of early 

subclinical rejection: a randomized study. J Am Soc Nephrol. 1998;9(11):2129-

2134. Accessed September 23, 2020. 

http://www.ncbi.nlm.nih.gov/pubmed/9808101 

256. Powner D, Kopp PM, Monkley SJ, Critchley DR, Berditchevski F. Tetraspanin CD9 

in cell migration. Biochem Soc Trans. 2011;39(2):563-567. 

doi:10.1042/BST0390563 

257. Berditchevski F, Odintsova E. Tetraspanins as regulators of protein trafficking. 

Traffic. 2007;8(2):89-96. doi:10.1111/j.1600-0854.2006.00515.x 

258. Charrin S, Jouannet S, Boucheix C, Rubinstein E. Tetraspanins at a glance. J Cell 

Sci. 2014;127(Pt 17):3641-3648. doi:10.1242/jcs.154906 

259. Brosseau C, Colas L, Magnan A, Brouard S. CD9 tetraspanin: A new pathway for 

the regulation of inflammation? Front Immunol. 2018;9(OCT):2316. 

doi:10.3389/FIMMU.2018.02316/BIBTEX 

260. Sun J, Wang J, Pefanis E, et al. Transcriptomics identify CD9 as a marker of 

murine IL10-competent regulatory B cells. Cell Rep. 2015;13(6):1110. 

doi:10.1016/j.celrep.2015.09.070 

261. Brosseau C, Durand M, Colas L, et al. CD9+ Regulatory B Cells Induce T Cell 

Apoptosis via IL-10 and Are Reduced in Severe Asthmatic Patients. Front 

Immunol. 2018;9:3034. doi:10.3389/fimmu.2018.03034 

262. Bigot J, Pilon C, Matignon M, et al. Transcriptomic Signature of the CD24 hi CD38 
hi Transitional B Cells Associated With an Immunoregulatory Phenotype in Renal 

Transplant Recipients. American Journal of Transplantation. 2016;16(12):3430-

3442. doi:10.1111/ajt.13904 

263. Brosseau C, Danger | Richard, Durand M, et al. Blood CD9 + B cell, a biomarker 

of bronchiolitis obliterans syndrome after lung transplantation. Published online 

2019. doi:10.1111/ajt.15532 



434 

 

 

 

264. Newell KA, Asare A, Kirk AD, et al. Identification of a B cell signature associated 

with renal transplant tolerance in humans. J Clin Invest. 2010;120(6):1836-1847. 

doi:10.1172/JCI39933 

265. Mohd Jaya FN, Garcia SG, Borras FE, et al. In Vitro Characterization of Human 

CD24 hi CD38 hi Regulatory B Cells Shows CD9 Is Not a Stable Breg Cell Marker. 

Int J Mol Sci. Published online 2021. doi:10.3390/ijms22094583 

266. Glass MC, Glass DR, Oliveria JP, et al. Human IL-10-producing B cells have 

diverse states that are induced from multiple B cell subsets. Cell Rep. 

2022;39(3). doi:10.1016/J.CELREP.2022.110728 

267. Snanoudj R, Claas FHJ, Heidt S, Legendre C, Chatenoud L, Candon S. Restricted 

specificity of peripheral alloreactive memory B cells in HLA-sensitized patients 

awaiting a kidney transplant. Kidney Int. 2015;87(6):1-11. 

doi:10.1038/ki.2014.390 

268. Chen J, Yin H, Xu J, et al. Reversing endogenous alloreactive B cell GC responses 

with anti-CD154 or CTLA-4Ig. Am J Transplant. 2013;13(9):2280-2292. 

doi:10.1111/ajt.12350 

269. Mulder A, Eijsink C, Kardol MJ, et al. Identification, Isolation, and Culture of HLA-

A2-Specific B Lymphocytes Using MHC Class I Tetramers. The Journal of 

Immunology. 2003;171(12). Accessed June 16, 2017. 

http://www.jimmunol.org/content/171/12/6599 

270. Pinna D, Corti D, Jarrossay D, Sallusto F, Lanzavecchia A. Clonal dissection of the 

human memory B-cell repertoire following infection and vaccination. Eur J 

Immunol. 2009;39(5):1260-1270. doi:10.1002/eji.200839129 

271. Lúcia M, Luque S, Crespo E, et al. Preformed circulating HLA-specific memory B 

cells predict high risk of humoral rejection in kidney transplantation. Kidney Int. 

2015;88(10):874-887. doi:10.1038/ki.2015.205 

272. Taylor JJ, Pape KA, Jenkins MK. A germinal center-independent pathway 

generates unswitched memory B cells early in the primary response. J Exp Med. 

2012;209(3):597-606. doi:10.1084/jem.20111696 



435 

 

 

 

273. Pape KA, Taylor JJ, Maul RW, Gearhart PJ, Jenkins MK. Different B cell 

populations mediate early and late memory during an endogenous immune 

response. Science. 2011;331(6021):1203-1207. doi:10.1126/science.1201730 

274. Chong AS, Sciammas R. Memory B cells in transplantation. Transplantation. 

2015;99(1):21-28. doi:10.1097/TP.0000000000000545 

275. Degauque N, Elong Ngono A, Ngono AE, et al. Characterization of antigen-

specific B cells using nominal antigen-coated flow-beads. PLoS One. 

2013;8(12):e84273. doi:10.1371/journal.pone.0084273 

276. Crotty S, Aubert RD, Glidewell J, Ahmed R. Tracking human antigen-specific 

memory B cells: A sensitive and generalized ELISPOT system. J Immunol 

Methods. 2004;286(1-2):111-122. doi:10.1016/j.jim.2003.12.015 

277. Klitz W, Maiers M, Spellman S, et al. New HLA haplotype frequency reference 

standards: high-resolution and large sample typing of HLA DR-DQ haplotypes in 

a sample of European Americans. Tissue Antigens. 2003;62(4):296-307. 

doi:10.1034/j.1399-0039.2003.00103.x 

278. Fernandez-Viña MA, Falco M, Gao X, et al. DQA1*03 subtypes have different 

associations with DRB1 and DQB1 alleles. Hum Immunol. 1994;39(4):290-298. 

doi:10.1016/0198-8859(94)90272-0 

279. Fernandez-Viña MA, Gao XJ, Moraes ME, et al. Alleles at four HLA class II loci 

determined by oligonucleotide hybridization and their associations in five ethnic 

groups. Immunogenetics. 1991;34(5):299-312. doi:10.1007/BF00211994 

280. Degauque N, Ngono AE, Akl A, et al. Characterization of antigen-specific B cells 

using nominal antigen-coated flow-beads. PLoS One. 2013;8(12). 

doi:10.1371/journal.pone.0084273 

281. Poggio ED, Augustine JJ, Arrigain S, Brennan DC, Schold JD. Long-term kidney 

transplant graft survival-Making progress when most needed. Am J Transplant. 

2021;21(8):2824-2832. doi:10.1111/ajt.16463 

282. Betjes MGH, Sablik KS, Otten HG, Roelen DL, Claas FH, de Weerd A. 

Pretransplant Donor-Specific Anti-HLA Antibodies and the Risk for Rejection-

Related Graft Failure of Kidney Allografts. J Transplant. 2020;2020:5694670. 

doi:10.1155/2020/5694670 



436 

 

 

 

283. Loupy | June ; The impact of donor-specific anti-HLA antibodies on late kidney 

allograft failure. Nat Rev Nephrol. 2012;8:348-357. doi:10.1038/nrneph.2012.81 

284. Yoshida T, Mei H, Dörner T, et al. Memory B and memory plasma cells. Immunol 

Rev. 2010;237(1):117-139. doi:10.1111/J.1600-065X.2010.00938.X 

285. Wehmeier C, Karahan GE, Krop J, et al. Donor-specific B Cell Memory in 

Alloimmunized Kidney Transplant Recipients: First Clinical Application of a Novel 

Method. Transplantation. 2020;104(5):1026-1032. 

doi:10.1097/TP.0000000000002909 

286. Pinna D, Corti D, Jarrossay D, Sallusto F, Lanzavecchia A. Clonal dissection of the 

human memory B-cell repertoire following infection and vaccination. Eur J 

Immunol. 2009;39(5):1260-1270. doi:10.1002/eji.200839129 

287. Han M, Rogers JA, Lavingia B, Stastny P. Peripheral blood B cells producing 

donor-specific HLA antibodies in vitro. Hum Immunol. 2009;70(1):29-34. 

doi:10.1016/J.HUMIMM.2008.10.013 

288. Akl A, Roitberg-Tambur A, Javeed Ansari M. OR07: A NOVEL MULTIPLEX 

APPROACH TO DEFINE PERIPHERAL BLOOD HLA-SPECIFIC B-CELL SUBSETS IN 

CLINICAL TRANSPLANTATION. Hum Immunol. 2014;75:6. 

doi:10.1016/J.HUMIMM.2014.08.010 

289. Colvin RB, Smith RN. Antibody-mediated organ-allograft rejection. Nat Rev 

Immunol. 2005;5(10):807-817. doi:10.1038/nri1702 

290. Lefaucheur C, Loupy A. Antibody-Mediated Rejection of Solid-Organ Allografts. 

New England Journal of Medicine. 2018;379(26):2579-2582. 

doi:10.1056/NEJMc1813976 

291. Mytilineos J, Deufel A, Opelz G. Clinical relevance of HLA-DPB locus matching for 

cadaver kidney retransplants: a report of the Collaborative Transplant Study. 

Transplantation. 1997;63(9):1351-1354. Accessed July 24, 2018. 

http://www.ncbi.nlm.nih.gov/pubmed/9158032 

292. Laux G, Mansmann U, Deufel A, Opelz G, Mytilineos J. A new epitope-based 

HLA-DPB matching approach for cadaver kidney retransplants. Transplantation. 

2003;75(9):1527-1532. Accessed July 26, 2018. http://ovidsp.uk.ovid.com/sp-

3.31.1b/ovidweb.cgi?&S=IMFKPDAHLMHFGKOCFNEKADOFMBMFAA00&Link+Se



437 

 

 

 

t=S.sh.3737_1532596059_2.3737_1532596059_14.3737_1532596059_18.3737

_1532596059_20.3737_1532596059_24.3737_1532596059_28%7c20%7csl_10 

293. Cullen M, Noble J, Erlich H, et al. Characterization of recombination in the HLA 

class II region. Am J Hum Genet. 1997;60(2):397-407. Accessed May 28, 2021. 

http://www.ncbi.nlm.nih.gov/pubmed/9012413 

294. Teles e Oliveira DM, Marroquim MSC, de Serpa Brandão RMS, et al. pHLA3D: 

Updating the database of predicted three-dimensional structures of HLA with 

HLA-DR, HLA-DQ and HLA-DP molecules. Hum Immunol. 2021;82(1):8-10. 

doi:10.1016/J.HUMIMM.2020.10.007 

295. Menezes Teles e Oliveira D, Melo Santos de Serpa Brandão R, Claudio Demes da 

Mata Sousa L, et al. pHLA3D: An online database of predicted three-dimensional 

structures of HLA molecules. Hum Immunol. 2019;80(10):834-841. 

doi:10.1016/J.HUMIMM.2019.06.009 

296. Pfeiffer K, Vögeler U, Albrecht KH, Eigler FW, Buchholz B, Grosse-Wilde H. HLA-

DP antibodies in patients awaiting renal transplantation. Transplant 

International. 1995;8(3):180-184. doi:10.1111/j.1432-2277.1995.tb01500.x 

297. Jolly EC, Key T, Rasheed H, et al. Preformed donor HLA-DP-specific antibodies 

mediate acute and chronic antibody-mediated rejection following renal 

transplantation. Am J Transplant. 2012;12(10):2845-2848. doi:10.1111/j.1600-

6143.2012.04172.x 

298. Goral S, Prak EL, Kearns J, et al. Preformed donor-directed anti-HLA-DP 

antibodies may be an impediment to successful kidney transplantation. 

Nephrology Dialysis Transplantation. 2008;23(1):390-392. 

doi:10.1093/ndt/gfm703 

299. Mierzejewska B, Schroder PM, Baum CE, et al. Early acute antibody-mediated 

rejection of a negative flow crossmatch 3rd kidney transplant with exclusive 

disparity at HLA-DP. Hum Immunol. 2014;75(8):703-708. 

doi:10.1016/j.humimm.2014.04.001 

300. Thaunat O, Hanf W, Dubois V, et al. Chronic humoral rejection mediated by anti-

HLA-DP alloantibodies: Insights into the role of epitope sharing in donor-specific 



438 

 

 

 

and non-donor specific alloantibodies generation. Transpl Immunol. 

2009;20(4):209-211. doi:10.1016/J.TRIM.2008.12.006 

301. NHS Blood and Transplant. SPN1439/2- Donor Characterisation Service 

Specification.; 2021. 

302. NHS Blood and Transplant. Minimum Resolution for Donor and Patient HLA 

Types.; 2015. 

303. Babu A, Khovanova N, Shaw O, et al. C3d-positive donor-specific antibodies have 

a role in pretransplant risk stratification of cross-match-positive HLA-

incompatible renal transplantation: United Kingdom multicentre study. 

Transplant International. 2020;33(9):1128-1139. doi:10.1111/tri.13663 

304. Robinson J, Barker DJ, Georgiou X, Cooper MA, Flicek P, Marsh SGE. IPD-

IMGT/HLA Database. Nucleic Acids Res. 2020;48. doi:10.1093/nar/gkz950 

305. Petersdorf EW, Malkki M, O’hUigin C, et al. High HLA-DP Expression and Graft-

versus-Host Disease. New England Journal of Medicine. 2015;373(7):599-609. 

doi:10.1056/NEJMoa1500140 

306. Thomas R, Thio CL, Apps R, et al. A novel variant marking HLA-DP expression 

levels predicts recovery from hepatitis B virus infection. J Virol. 

2012;86(12):6979-6985. doi:10.1128/JVI.00406-12 

307. Gonzalez-Galarza FF, McCabe A, Santos EJM dos, et al. Allele frequency net 

database (AFND) 2020 update: gold-standard data classification, open access 

genotype data and new query tools. Nucleic Acids Res. 2019;48(D1):D783-D788. 

doi:10.1093/nar/gkz1029 

308. Petersdorf EW, Bengtsson M, De Santis D, et al. Role of HLA-DP Expression in 

Graft-Versus-Host Disease After Unrelated Donor Transplantation. J Clin Oncol. 

2020;38(24):2712-2718. doi:10.1200/JCO.20.00265 

309. Billen EVA, Christiaans MHL, Doxiadis IIN, Voorter CEM, van den Berg-Loonen 

EM. HLA-DP antibodies before and after renal transplantation. Tissue Antigens. 

2010;75(3):278-285. doi:10.1111/j.1399-0039.2009.01428.x 

310. Daniëls L, Claas FHJ, Kramer CSM, et al. The role of HLA-DP mismatches and 

donor specific HLA-DP antibodies in kidney transplantation: a case series. 



439 

 

 

 

Transpl Immunol. Published online March 2020:101287. 

doi:10.1016/j.trim.2020.101287 

311. Issa N, Cosio FG, Gloor JM, et al. Transplant glomerulopathy: risk and prognosis 

related to anti-human leukocyte antigen class II antibody levels. 

Transplantation. 2008;86(5):681-685. doi:10.1097/TP.0b013e3181837626 

312. Watson CA, Petzelbauer P, Zhou J, Pardi R, Bender JR. Contact-dependent 

endothelial class II HLA gene activation induced by NK cells is mediated by IFN-

gamma-dependent and -independent mechanisms. J Immunol. 

1995;154(7):3222-3233. 

313. Hurley CK, Baxter-Lowe LA, Begovich AB, et al. The extent of HLA class II allele 

level disparity in unrelated bone marrow transplantation: analysis of 1259 

National Marrow Donor Program donor-recipient pairs. Bone Marrow 

Transplant. 2000;25(4):385-393. doi:10.1038/sj.bmt.1702161 

314. Farrell C, Honeyman M, Hoadley C. An analysis of the effect of HLA-DP in the 

mixed lymphocyte reaction. J Immunogenet. 1988;15(5-6):243-250. 

doi:10.1111/j.1744-313x.1988.tb00427.x 

315. Versluis LF, Rozemuller EH, Duran K, Tilanus MG. Ambiguous DPB1 allele 

combinations resolved by direct sequencing of selectively amplified alleles. 

Tissue Antigens. 1995;46(4):345-349. doi:10.1111/j.1399-0039.1995.tb02507.x 

316. Anczurowski M, Hirano N. Mechanisms of HLA-DP Antigen Processing and 

Presentation Revisited. Trends Immunol. 2018;39(12):960-964. 

doi:10.1016/j.it.2018.10.008 

317. Qiu J, Cai J, Terasaki PI, El-Awar N, Lee JH. Detection of antibodies to HLA-DP in 

renal transplant recipients using single antigen beads. Transplantation. 

2005;80(10):1511-1513. doi:10.1097/01.tp.0000181384.49832.3a 

318. Redondo-Pachón D, Pascual J, Pérez-Sáez MJ, et al. Impact of preformed and de 

novo anti-HLA DP antibodies in renal allograft survival. Transpl Immunol. 

2016;34:1-7. doi:10.1016/j.trim.2015.11.002 

319. Hörmann M, Dieplinger G, Rebellato LM, et al. Incidence and impact of anti-HLA-

DP antibodies in renal transplantation. Clin Transplant. 2016;30(9):1108-1114. 

doi:10.1111/ctr.12794 



440 

 

 

 

320. Nikaein A, Lerman M, Rofaiel G, Allam SR. Single center observation of the role 

of pre-existing HLA-DP antibodies in humoral rejection following renal 

transplantation. Transpl Immunol. 2018;51. doi:10.1016/j.trim.2018.09.002 

321. Bachelet T, Martinez C, Del Bello A, et al. Deleterious Impact of Donor-Specific 

Anti-HLA Antibodies Toward HLA-Cw and HLA-DP in Kidney Transplantation. 

Transplantation. 2016;100(1):159-166. doi:10.1097/tp.0000000000000821 

322. Jolly EC, Key T, Rasheed H, et al. Preformed donor HLA-DP-specific antibodies 

mediate acute and chronic antibody-mediated rejection following renal 

transplantation. Am J Transplant. 2012;12(10):2845-2848. doi:10.1111/j.1600-

6143.2012.04172.x 

323. Cross AR, Lion J, Poussin K, et al. HLA-DQ alloantibodies directly activate the 

endothelium and compromise differentiation of FoxP3(high) regulatory T 

lymphocytes. Kidney Int. 2019;96(3):689-698. doi:10.1016/j.kint.2019.04.023 

324. Key T, Carter V, Goodwin P, et al. Human Neutrophil Antibodies are Associated 

with Severe Early Rejection in Kidney Transplant Recipients. Transplantation. 

2018;102(Supplement 7):S214. doi:10.1097/01.tp.0000542873.30386.b8 

325. Phipps C, Chen Y, Gopalakrishnan S, Tan D. Daratumumab and its potential in 

the treatment of multiple myeloma: overview of the preclinical and clinical 

development. Ther Adv Hematol. 2015;6(3):120-127. 

doi:10.1177/2040620715572295 

326. Kwun J, Matignon M, Manook M, et al. Daratumumab in Sensitized Kidney 

Transplantation: Potentials and Limitations of Experimental and Clinical Use. J 

Am Soc Nephrol. 2019;30(7):1206-1219. doi:10.1681/ASN.2018121254 

327. Scalzo RE, Sanoff SL, Rege AS, et al. Daratumumab Use Prior to Kidney 

Transplant and T Cell-Mediated Rejection: A Case Report. Am J Kidney Dis. 

2023;81(5):616-620. doi:10.1053/J.AJKD.2022.11.010 

328. Krejcik J, Casneuf T, Nijhof IS, et al. Daratumumab depletes CD38+ immune 

regulatory cells, promotes T-cell expansion, and skews T-cell repertoire in 

multiple myeloma. Blood. 2016;128(3):384-394. doi:10.1182/BLOOD-2015-12-

687749 



441 

 

 

 

329. UK GUIDELINE ON IMLIFIDASE ENABLED DECEASED DONOR KIDNEY 

TRANSPLANTATION - British Transplantation Society. Accessed September 11, 

2023. https://bts.org.uk/uk-guideline-on-imlifidase-enabled-deceased-donor-

kidney-transplantation/ 

330. Jordan SC, Legendre C, Desai NM, et al. Imlifidase Desensitization in Crossmatch-

positive, Highly Sensitized Kidney Transplant Recipients: Results of an 

International Phase 2 Trial (Highdes). Transplantation. 2021;105(8):1808-1817. 

doi:10.1097/TP.0000000000003496 

331. Lonze BE, Tatapudi VS, Weldon EP, et al. IdeS (Imlifidase): A Novel Agent That 

Cleaves Human IgG and Permits Successful Kidney Transplantation Across High-

strength Donor-specific Antibody. Ann Surg. 2018;268(3):488-496. 

doi:10.1097/SLA.0000000000002924 

332. Lorant T, Bengtsson M, Eich T, et al. Safety, immunogenicity, pharmacokinetics, 

and efficacy of degradation of anti-HLA antibodies by IdeS (imlifidase) in chronic 

kidney disease patients. Am J Transplant. 2018;18(11):2752-2762. 

doi:10.1111/AJT.14733 

  


