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I. Abbreviations 

 
 
 

Abs:   antibodies 

ABMR: antibody mediated rejection 

APC: antigen presenting cell 

CAN: chronic allograft nephropathy 

CBU:   Cord-Blood Unit 

CDC:   complement-dependent cytotoxic crossmatch 

CML:   chronic myeloid leukemia 

DSA:   donor-specific antibodies 

dnDSA:  de novo donor-specific antibodies 

GVHD:  graft-versus-host disease 

GWAS:  genome wide association study 

HLA:   human leukocyte antigen 

HSCT:  hematopoietic stem-cell transplantation 

MFI:   mean fluorescence intensity 

MHC:   major histocompatibility complex 

MM:   mismatch 

LSA:  Luminex® single antigen 

LSM:   Luminex® screening 

NMDP:  National Marrow Donor Program (USA) 

PBMC:  peripheral blood mononuclear cells 

PCR-SSOP:  polymerase chain reaction using sequence-specific oligonucleotide probes 

PCR-SSP:  polymerase chain reaction using sequence-specific primers 

qPCR:   quantitative real-time polymerase chain reaction 

RT-PCR:  reverse transcriptase-polymerase chain reaction 

SNP:   single nucleotide polymorphism 

SOAS:  Swiss organ allocation system 

SOT:   solid-organ transplantation 

SPA:  solid phase assay 

TCMR: T-cell mediated rejection 

TRM:   transplant-related mortality 

VAD:  ventricular assist devices  
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II. Summary 

 

Solid organ transplantation (SOT) offers hope and a new life to many patients. Due to the 

shortage of deceased donor the search for suitable kidney from living donors has intensified. 

As the outcome of kidney grafts from living donors is more favorable than that from deceased 

donors, preference is given to organs from living donors. Unfortunately, recipient-donor 

couples are often HLA-mismatched due to the high polymorphism of HLA loci. Moreover, 

the number of sensitized patients is on the increase, as nowadays patients often need more 

than one transplant during their lifetime. Therefore, previous transplants are a major risk 

factor for developing anti-HLA antibodies, and we have to deal with this problem by 

increasing the number of tests as well as their sensitivity, and by carrying out accurate HLA-

typing to ensure more appropriate organ allocation and the efficient follow-up and treatment 

of recipients. In the light of these additional difficulties our aim was to facilitate SOT 

transplantation, particularly kidney transplantation; we accordingly increased our catalogue of 

assays and developed guidelines for physicians regarding the acceptance of organs and an 

adequate follow-up of their patients. With living-donor kidney grafts, ABO-incompatible 

kidney transplantation and compatible non-directed donor exchange, immunological 

compatibilities are mandatory to avoid both acute and antibody-mediated rejection. With 

these strategies, we have so far obtained 100% graft survival for all types of living-donor 

kidney transplantation, as well as an excellent survival rate for pancreas and islet grafts as 

compared to other centers.  
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III. Introduction 

 

 

 

Considering that the presence of donor-specific antibodies (DSA) has a direct impact on organ 

allocation to the patient [1], it is essential to determine the repertoire of specific anti-HLA 

antibodies. Should DSA develop after transplantation, the immunosuppressive protocol has to 

be adapted accordingly [2, 3]. 

 

To ensure the efficient follow-up of transplant patients, various techniques have been 

developed since transplantation started to exist. Some are still used at present, some are the 

fruit of a better understanding of HLA molecules, the anti-HLA antibodies involved and their 

role in graft survival. New methods for detecting anti-HLA antibodies have been made 

available, some of which have been validated for accreditation while others are awaiting 

approval from clinicians and laboratory supervisors.  

Since these highly specific technologies are also very sensitive, the clinical relevance of anti-

HLA antibodies with low, but also with intermediate or high MFI, is a matter of intense 

debate in the transplantation community [4, 5]. The presence of such anti-HLA antibodies 

could result in a patient being denied a transplant on the basis of irrelevant DSA or, after 

transplantation, in over-treating a recipient having developed DSA [1].  

 

Moreover, the high polymorphism of the MHC system is characterized by the sharing of 

epitopes between alleles not only of the same locus but also of different loci (Fig.1) [6]. The 

sensitivity and the cross-reactivity of shared epitopes on SPA could therefore ensure the 

detection of a wide range of anti-HLA antibodies, even in case of exposure to a limited 

number of HLA antigens  [7-9]. To address the crucial question as to which among this wide 

range of anti-HLA antibodies are detrimental to the transplanted organ, and which are not, 

several techniques have been devised to assist clinicians to attribute the organ that is 

appropriate for a given recipient and to help them in the patient's follow-up. 
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Figure 1: Development of 

DSA 

a. a) After transplantation anti-

HLA Abs against donor 

(DSA) may developed  

b. b) Development of DSA but 

also of other anti-HLA Abs 

which have a broad affinity 

for HLA antigens of the 

donor. This phenomenon is 

due to shared epitopes 

between HLA antigens = 

EPLETS. 

 

 

 

Of note, the aim to determine the presence of anti-HLA antibodies before transplantation and 

to monitor their subsequent progression was a prime concern of nephrologists with regard to 

their kidney-transplant recipients. Owing to a better understanding of the detrimental effect of 

these anti-HLA antibodies, particularly of DSA, in the context of rejection events and graft 

survival, transplant surgeons and clinicians have started to determine their role in other solid-

organ transplants (SOT). Subsequently, the survival of islet or pancreas grafts was also shown 

to be affected by the presence of anti-HLA antibodies, since patients with high titers of anti-

HLA antibodies proved to have a higher risk of organ rejection and loss of its function [10]. 

Like in heart transplantation, there is now a clear connection between anti-HLA antibodies 

and CAN [11]  and with BOOP in lung transplantation [12]. 

 

For a long time, HLA mismatches in liver transplantation were not considered a problem, as 

graft survival of patients with 1 or 2 HLA-mismatches was similar to that of patients with 5 to 

6 mismatches (Fig.2) [13]. This observation still applies, but the emergence of anti-HLA 

antibodies in liver transplant recipients is now also recognized as a potential cause of graft 

dysfunction since ductopenia and fibrosis appear to be associated with the appearance of anti-

HLA antibodies [14]. 
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Figure 2: 10-year graft survival 

of solid organ transplants 

registered in Collaborative 

Transplant Study (CTS) 

(Kaplan Meier method).  

 

 

 

This manuscript reviews the effect of anti-HLA antibodies on graft survival in SOT, thus 

revealing which anti-HLA antibodies are really detrimental and which technique/s should be 

performed to identify and characterize with precision the anti-HLA antibodies involved in 

rejection. 

Figure 2

Opelz et al. (13)  
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IV. Laboratory Tools & Techniques 

 

a.Crossmatch 

The complement-dependent cytotoxicity (CDC) crossmatch was the first method to be 

developed around 50 years ago [15]. It is based on the detection of circulating antibodies in 

the recipient's serum, which antibodies may bind to antigens on the cell surface of donor 

lymphocytes. In the presence of specific antibodies to lymphocytes, the classical complement 

pathway is activated, resulting in the lysis of donor cells by the membrane attack complex 

(MAC) (Fig.3a). Even if technologies have evolved considerably, CDC crossmatch is still 

considered the “gold standard” by transplant centers, and so far, no better methods have been 

set up to detect harmful DSA during on call duties. Due to its higher sensitivity crossmatching 

by flow cytometry (FACS crossmatch) is also frequently used by centers, but similar to CDC 

crossmatch it is not specific for 

HLA antigens. If the patient's 

serum contains anti-HLA 

antibodies, these will bind to the 

donor‟s cell-surface antigens and 

by using a secondary anti-human-

PE antibody, a positive reaction 

will be detected [16-18] .   

 

 

b.CDC and lymphoscreen 

Based on a method similar to the CDC assay, a lymphoscreen will reveal the percentage of 

"panel-reactive antibodies", or PRA, in the serum of an individual. A panel of 30 - 70 

representative cells of all common HLA antigens observed in the population of potential 

donors in Switzerland is used as target cells. The percentage of wells (containing individual 

target cells) that show a positive reaction determines the percentage of "panel-reactive 

antibody", or % of PRA. This method can also be applied to determine the specificity of HLA 

allo-antibodies (e.g. anti-HLA A2). The advantage of the CDC assay is that it reveals 

complement-fixing antibodies (i.e. cytotoxic antibodies), but it is not specific for the donor‟s 

HLA. Indeed, other antibodies to non-HLA lymphocyte antigens or auto-antibodies can also 

bind to the complement and induce a positive reaction [19] .   

 

+ complément

lysis

No lysis

Donor cells

= Recipient anti-HLA- Abs
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c.Solid-phase assay 

Thanks to the purification of HLA antigens from transfected cells and their binding to 

different supports, the solid-phase assay (SPA) was set up. 

 ELISA (enzyme-linked immunosorbent assay): specific HLA antigens immobilized on a 

plastic surface are incubated with the serum of the patient. Patient's anti-HLA antibodies 

are revealed after addition of an enzyme-linked anti-human IgG antibody raised against 

the Fc fragment of the antibodies. The quantity of antibodies is determined by 

spectrophotometry using substrate-converting enzymes [20]. 

 Fluorescent microspheres (flow PRA® or Luminex®): specific HLA antigens 

immobilized on fluorescent microspheres are incubated with the serum of the patient. 

Binding of anti-HLA antibody binding is revealed by a second fluorescent anti-human 

IgG antibody detected by flow cytometry (FACS). Using specific microspheres that match 

the different HLA antigens, the repertoire of anti-HLA antibodies of a given serum can be 

assessed with great accuracy (Fig.3b) [21, 22] .  

The strength or the titer of an anti-HLA antibody can be determined through the mean 

fluorescence intensity 

(MFI) (or the absolute 

molecular equivalent of 

fluorescence intensity 

(MESH), more accurate 

but more complicated to 

set up.) 

 

 

 

d.Complement pathway assays 

 

 C4d 

The use of C4d staining on biopsies was introduced to detect deposition of antibodies on 

tissues (Fig.3c). The detection of C4d deposition within peritubular capillaries and the 

presence of anti-HLA antibodies detected by Luminex® confirmed the diagnosis of antibody 

mediated rejection (ABMR) [23]. A report on the detection of C4d-fixing HLA antibodies by 

solid phase assay were published recently [24]. Other assays of solid phase detection of 

complement-fixing antibodies are now routinely used (see below). 
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 C1q 

To take advantage of the specific Luminex assay that detects specific anti-HLA antibodies 

and cytotoxic anti-HLA antibodies through the classical CDC crossmatch, the Luminex® C1q 

binding assay was recently developed. C1q is one of the first components of the classical 

activation pathway of the complement cascade (Fig.3d). This technique is designed to 

differentiate complement-binding anti-HLA 

antibodies (Fig.3e) from non-complement-

binding anti-HLA antibodies, the former being 

the ones that are effective and detrimental. 

This technique may also help to avoid false 

positive results due to natural non-HLA 

antibodies linking to partially denatured 

antigens coating some beads [25, 26]. 

According to the most recent publications, 

C1q-binding DSA are associated with a worse 

graft survival than DSA not binding C1q . 

Although this approach appears to be 

promising after transplantation, current data 

fail to demonstrate that C1q-binding DSA in 

pre-transplant conditions can predict AMR 

and less favorable graft survival. [25, 27]. It 

therefore remains to be demonstrated that 

DSA binding C1q are a useful additional tool 

that can be integrated into the allocation 

algorithm to increase the clinical relevance of 

DSA and predict short- and long-term 

outcome. 

Figure 3d: Complement pathway

 

Figure 3e: Complement binding antibody  (anti-C1q assay)

 

C4d staining in 

peritubular capillaries

S.Moll Institutes of Pathology, HUG, CHUV 

Staining of glomeruli

Figure 3c: Biopsy and histology of kidney
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a. C3d 

The different pathways of complement activation target the C3 convertase component which 

induces different products such as C3a, C5a or MAC. C3d is a cleavage product of C3 

positioned downstream of the complement cascade. The C3d-binding antibody assay was 

developed - similar to the C1q assay - to help identify pathogenic anti-HLA antibodies. Sicard 

et al. [28] have demonstrated in two independent cohorts that DSA binding C3d are highly 

associated with AMR and an unfavorable outcome. In this study they also analyzed C4d 

deposition in graft biopsies and the C1q assay previously described. C3d-binding DSA was by 

far the most reliable indicator of an unfavorable graft outcome, unlike C4d deposition or the 

presence of C1q-positive DSA. The difference in performance between the C3d- and C1q-

binding assays may be due to the fact that these two tests analyze different steps of the 

classical complement pathway. As already indicated, C1q is the first component of the 

classical complement pathway, and it is therefore not surprising that a C1q-binding assay 

should exhibit a lower sensitivity than a C3d-binding assay. Another plausible explanation 

could relate to the different mechanisms of inhibition which prevent uncontrolled activation 

of the complement cascade. By limiting the formation of C3 convertase - even when 

substantial amounts of C1q bind to antibodies - downstream inhibitory factors could reduce 

the clinical relevance of the C1q-binding assay. In contrast, the presence of C3d on DSA 

proves the efficient cleavage of C3 and is more closely associated with AMR. As far as we 

know, the use of C3d binding assay before transplantation has not yet been validated. 

 

e.HLA typing 

Passing from serology to molecular biology, typing of HLA genes has evolved tremendously 

since the 1960‟s. As to SOT, low-resolution typing by serology was the standard for several 

years. Interestingly, it was the development and accurate analysis of anti-HLA antibodies that 

led to intermediate- and to high-resolution typing! [29, 30] 

As anti-HLA beads can resolve a four-digit allele (but ambiguities still remain of course), 

HLA typing had to shift from a two-digit to a four-digit resolution. Therefore, serology has 

almost disappeared from laboratory technology to give way to intermediate- and/or high-

resolution PCR techniques, such as SSO-Luminex, or the SSP technique. Within the next 2 to 

5 years, high-resolution typing based on sequencing will become the gold standard [31]. Soon 

the entire HLA gene typing will not only be instrumental in an improved characterization of 
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patients and donors but also in reducing any DSA in HLA-A,B,C,DR,DQ, and even DP loci  

as it leads to improve survival in unrelated HSCT (Fig.4) [32]. 

 

Figure 4: HLA typing: methods and resolution levels 

a) For low resolution, 

serology is sufficient and is 

used for the 1
st
 typing in 

SOT and for related BMT 

For intermediate resolution, 

Luminex PCR or Linqsek 

HLA-typing are used for 2
nd

 

HLA typing in SOT and for 

related BMT 

For high resolution typing, 

SSP PCR or sequencing are 

mandatory and used for 

unrelated BMT 

b) Example of level of 

resolution. DNA 

 nomenclature: the first field 

corresponding to the first 2 

digits refer to serology (A2) 

and generic level (A*02). 

The second field 

(corresponding to high 

resolution) refers to the 

resolution of identical 

sequences in the peptide 

loading groove (A*02:01P). 

The polymorphism of the 

alleles is principally located in the antigen presenting groove. The third field defines 

substitution in the coding sequence (A*02:01:01), and the fourth field defines substitution in 

outside the coding region [33]. 

 

HLA Definition Resolution

A2 Refers to the A2 antigen defined by 
monospecific/polyspecific antisera

Low

A*02 A group of alleles that encode the A2 
antigen

Low

A*02:01/02:0
2

Either one of these alleles intermediate

A*02:02:02 A specific allele High

b)

 

HLA-A28

A68

A*68:01

A*68:02

A*68:03

A*68:04

…

A*68:20

A69serological

splits

allelic

subtypes

broad Ag
Serology = low resolution        

SOT

related BMT

A*69:01

PCR-based DNA typing

= intermediate

SOT

related BMT

= high resolution    

unrelated BMT

a)
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V. Graft Rejection 

 

 

Human leukocyte antigens (HLA) encoded in the major histocompatibility complex (MHC) 

represent a major barrier to transplantation because the immune system unfailingly recognizes 

disparities between recipient and donor HLA [34]. An immune response to incompatible HLA 

antigens entails (a) an increased risk of post-transplantation complications such as rejection 

after solid organ transplantation (SOT) or graft-versus-host disease (GVHD) after HSCT or 

(b) a lower survival rate [35, 36]. 

HLA are mainly divided into two classes: HLA class I consists of the three major loci HLA-

A, -B, and –C, and HLA class II of three major loci named HLA-DR, -DQ and –DP (Fig.5). 

In the context of SOT, HLA-A, -B, -DR and –DQ [37] are taken into account for matching 

and organ allocation, whilst HSCT specialists try to avoid mismatches by taking into account 

HLA-A, -B, -C –DR, –DQ and sometimes –DP [38].  

 

Figure 5: MHC polymorphism 

a) The MHC genes are located on the short arm of chromosome 6. The HLA region is composed 

of multiple genes that encode homologous cell surface proteins. These HLA loci are divided 

in two classes  
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b) Class I: HLA-A, -B and -C 

Class II: HLA-DR, -DQ and –DP 

c) These loci also have a high degree of allelic polymorphism, clearly defined by molecular 

cloning and sequencing. Each locus (A, DR, DQ….) has several alleles, numbers which are 

growing every day and their designations are based on the IMGT/HLA database, Version 

3.20.0, April 2015 [39, 40] (WHO HLA Nomenclature Report (http://hla.alleles.org). These 

numerous alleles are the consequence of mutations as the MCH regions is a high 

polymorphic region  

d)  The transcription and traduction of these alleles give antigens that are detected and defined 

by serology. As this technique is less sensitive and specific, antigens are defined by groups 

and is sufficient for low resolution 

 

HLA loci are highly polymorphic, which is crucial since the primordial role of HLA is to 

present foreign antigens - such as viral or bacterial peptides - to the immune system, 

triggering immune response and defense against microorganisms [41]. From the 

transplantation point of view, however, this high polymorphism represents a major barrier to 

successful transplantation since the recipient's immune system will react quickly to the 

foreign organism and try as hard as possible to eliminate it. The system is even more 

complex, MHC being not only highly polymorphic but also polygenic, i.e. all loci are 

expressed in each individual tissue or cell. Actually, HLA-class I are expressed by all the cells 

of the organism except red cells  and HLA-class II are mainly expressed by antigen-

presenting cells (APC) such as dendritic cells, macrophages and B cells (Fig.6) [42].  

 

Figure 6: MHC complex  

a) The MHC complex is polymorphic and polygenic  

b) Class I molecules are expressed on most cells but red blood cells. They are composed of an 

-chain and a 2 microglobulin (encoded 

on X15).Only the -chain is polymorphic. 

Class II molecules are expressed on 

specific antigen presenting cells (APC) 

such as dendritic cells, macrophages and 

B cells. Upon inflammation, MCH class II 

can be expressed by any type of cells. 

a) b)

Parham (42)

Class II

Class I
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Class II are composed of two heterodimers  and -chains. The -chain presents less 

polymorphism than the -chain. 

However, HLA class II expression can also be induced and increased on any type of cells with 

the induction of cytokines, particularly IFN- [43].   

 

The MHC complex is also highly sensitizing, leading to a rapid and robust production of anti-

HLA antibodies [44, 45]. This is why allograft transplantations result in the violent acute 

response of the recipient's immune system, leading to a cascade of innate and adaptive 

immune responses along with its consequences: destruction, repair and fibrosis. 

Figure 7: Allo-immune response to graft  

 

The interaction of MHC expressed on the allograft and TCR expressed on T cells will 

activated CD4 as well as CD8 T lymphocytes. The activated T cells will produce cytokines 

and activating signals to help and activate each other as well as B lymphocytes which will 

produce antibodies( ). 
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Thanks to immunosuppressive drugs, this immune response can be controlled, at least to some 

extent, but it is never inactive, which implies that the recipient of SOT will need 

immunosuppressive treatment all his/her life. Several medications are currently available and 

the association of two to three drugs is prescribed, since - due to its inhibitory effect on 

immune cells - this association ensures a better control of the immune response. A summary 

of this aspect follows. 

Three major categories of drugs exist that target essential pathways of T-lymphocyte 

activation and proliferation [46-49]: 

1) Calcineurin inhibitors Inhibition of activation and proliferation of T lymphocytes by 

inhibition of TCR-dependent T-cell activation. CsA interfere with IL-2 synthesis AND IL-2R 

synthesis  

2) Rapamycin = mTOR inhibitor: inhibition of the activating effect of IL-2 

These two first immunosuppressors are more specific of T lymphocytes 

3) Azathioprine by interacting with sulfhydryl-containing compounds activates metabolites that 

will inhibit purine synthesis that is depletion of cellular purine. The final effect is the 

suppression of DNA and RNA synthesis.  

4) Mycophenolate mofetil, the ester prodrug of mycophenolate acid (MPA), is the active 

metabolite. MPA is also a purine antagonist, acting downstream of the de novo purine 

synthesis pathway. By inhibition of the de novo synthesis of purine, a crucial step during the 

S phase of the cell cycle, DNA synthesis is blocked. As activated T and B lymphocytes need 

proliferation for an adequate immune response to antigenic stimulation, these cells are 

particularly shutdown. 

5) Glucocorticoids have potent anti-inflammatory and immunosuppressive effects. They 

affect multiple pathways and transcriptional regulators, but for our interest, one of their major 

effects is on inhibiting several transcription factors, as AP-1, NF-B, NFAT and STAT 

families. The glucocorticoid inhibition of AP-1 and NF-B will have major anti-inflammatory 

effects, as AP-1 and NF-B play a central role on pro-inflammatory and T or B-cell targeting 

cytokines and acute phase proteins. Therefore Corticosteroids target proliferating cells (T 

cells, B cells) but also less dividing cells such as monocytes, fibroblasts, major players in the 

immune response and repairing phase [50]. 

 

 



17 

 

Figure 8: Immunosuppressors:  

 

 

a) CsA and FK506 = Calcineurin inhibitors  

b) Rapamycin = mTOR inhibitor 

c) AZA = Azathioprine suppression of DNA and RNA synthesis.  

d) MMF = mycophenolate mofetil is also a purine antagonist 

e) GC = Glucocorticoids inhibite several transcription factors, as AP-1, NF-B, NFAT and 

STAT families.  

 

These immunosuppressant drugs are often administered in a combination in order to target 

different pathways of immune cell activation, as well as to decrease their dosage and 

concomitant side effects [51, 52]. However, administration of immunosuppressors has to be 

controlled and their dosage adapted regularly to minimize side effects while keeping immune 

cells in check [53, 54]. 

 

Several other drugs are available, but they are mostly used to induce immunosuppression 

shortly after transplantation (during the first 3 to 5 days) or to treat a rejection episode. 

 

Despite all precautions, graft rejection can occur and is currently divided into three categories: 

hyperacute, acute and chronic graft rejection. 

 

Antigen presenting cell

Antigen Costimulation

Signal 1 Signal 2

Cytokines

IL-2 IL-15

IL-2/15R

T cell Signal 3

Cell multiplication

Calcineurin
CsA/

FK506 TOR

Rapamycin

Cyclin/CDK

G1

M G2

S
NFAT; AP-1,..

GC MMF

AZA

Nucleus

T lymphocytes activation

Cytokine gene transcription

e.i.: interleukin 2 (IL-2)

TCR b)

a)

c)
d)e)
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a. Hyperacute graft rejection 

 

Hyperacute graft rejection is due to preformed circulating antibodies to antigens expressed at 

the surface of red blood cells and antibodies to HLA molecules expressed on the surface of 

transplanted tissue. Owing to the routinely performed identification of ABO blood group 

antigens as well as a laboratory crossmatch test (see above), this kind of graft rejection is 

rarely seen nowadays. The binding of preformed anti-A/B/AB antibodies or anti-HLA 

antibodies to their targets on grafted tissue induces the activation of the complement cascade 

and coagulation pathway that in turn results in the direct destruction of tissues. The 

consequence is that as soon as the transplanted organ is revascularized, hyperacute graft 

rejection sets in and leads to the immediate destruction and necrosis of the graft, leaving no 

chance to control it. Once this response was understood, it became possible to avoid it by 

proceeding with ABO-compatible transplantations and prospective negative crossmatches. 

But there are other ways to perform transplants across the blood barrier by resorting to 

circulating anti-HLA antibodies. However, ABO-incompatible transplantation is currently 

performed in numerous centers with great success, thanks to immunoadsorption. Applied 2 to 

3 weeks before a planned living-donor kidney transplant, this technique helps to eliminate 

with great efficiency anti-A or anti-B antibodies [55, 56]. In our center, several living donor 

kidney transplants were performed without a single case of rejection and, to date, with a 100% 

survival rate for patients and grafts [57, 58].  

As to preformed circulating anti-HLA antibodies, it was difficult before 2005 to determine 

whether a specific antibody to HLA was present on the organ to be transplanted. At that time, 

it was only by performing a crossmatch test before transplantation that - if positive - was 

evidence of the presence of such antibodies. Nowadays, the detection of specific anti-HLA 

antibodies is a routine test in all laboratories, and if a donor-specific antibody (DSA) is 

present at high density, transplantation will not be performed. As to ABO-incompatible 

transplantations, some clinical groups carry out kidney transplants despite the presence of 

DSA, using different methods to eliminate these DSA. However, the results are not 

satisfactory [2, 59, 60]. Indeed, even if hyperacute graft rejection is hardly ever observed, 

acute graft rejection does occur and it clearly decreases graft function and survival (Fig9) 

[27, 61, 62]. 
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Figure 9: anti-HLA Abs are deleterious for graft survival. 

 

 

a) As presented by these figures the presence of DSA dramatically decrease allograft survival 

and is also dependent on the intensity (number) of DSA in serum 

b) The presence of DSA (DSA
+
) is deleterious for the graft but it is mainly the association of 

these DSA with episode(s) of rejection (C4d
+
) that will lead to graft damage and lost 

 

 

 

 

 

 

 

C4d- / DSA-

C4d- / DSA+

C4d+ / DSA-

C4d+ / DSA+

Gaston (62)

Mihaylova (61) Crespo (27)
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b. Acute graft rejection 

 

Acute graft rejection sets in between three weeks and 6 months after transplantation - a 

consequence of the immune response to the foreign tissue. This process consists of cellular 

and humoral immune components. Since hyperacute graft rejection is dramatic but fortunately 

easy to avoid, acute graft rejection is more frequent and may occur despite adequate 

immunosuppression. First, foreign tissue, or more precisely foreign antigen presented by 

foreign APC, is recognized as non-self by host T lymphocytes in the local lymph nodes 

inducing a cellular immune response. This response is known as the direct alloimmune 

response. Simultaneously, CD4 helper T lymphocytes trigger a humoral immune response 

leading to anti-HLA antibody production. Second, host APC migrating in the graft capture 

and present foreign antigens to host T lymphocytes. This response is known as the indirect 

alloimmune response. Both responses end in the destruction of the graft (Fig.10).  

Figure 10: Direct and Indirect antigen presentation 

a) Direct: the donor APC (red) is 

presenting its own antigen ( ) to 

host T lymphocytes (blue). This 

occurs soon after transplantation. 

a) b) Indirect: The host APC (blue) is 

presenting donor antigen ( ) to 

host T lymphocytes (blue). These 

donor antigens are coming for 

apoptotic donor cells. The indirect 

presentation occurs when recipient 

activated immune cells migrate to 

the “inflammatory site” 

(=transplantation site). At that 

point, recipient APC will catch 

recipient donor antigen and present 

them to recipient T lymphocytes. 
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Clinicians suspects acute graft rejection when the patient's graft function deteriorates 

progressively (i.e. in case of increased levels of creatinin or liver enzymes). A biopsy of the 

graft will provide specific criteria required for the diagnosis of acute graft rejection.  

 

Immunohistology reveals whether the graft rejection is due to cellular and/or humoral 

processes. In the case of acute humoral graft rejection, the appearance of donor-specific anti-

HLA antibodies (DSA) is the third crucial component to confirm the diagnosis [23, 63].  

 

Due to their experience and to the conscientious and efficient follow-up of their patients, 

clinicians are able to recognize rapidly an episode of acute graft rejection, various parameters  

and laboratory tools being now available to help diagnosis. Thus, acute graft rejection can be 

treated promptly, and the consequences on the transplanted tissue tend to be minor. Therefore, 

major challenges nowadays lie in avoiding and treating chronic graft rejection. 

 

Figure 11: Revised (BANFF 2013) classification of antibody-mediated rejection (ABMR) 

in renal allografts (adapted from Haas et al [23]) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Banff criteria are frequently updated [63]. Last updated on 2014 [23].  

 

 

Acute/active ABMR; all 3 features must be present for diagnosis

1. Histologic evidence of acute tissue injury:                                                                          

microvascular inflammation or                                                                                                           

intimal or transmural arteritis or                                                                                                         

acute thrombotic microangiopathy or                                                                                                 

acute tubular injury

2. Evidence of current/recent antibody interaction with vascular endothelium: linear C4d staning in 

peritubular capillaries, (moderate) microvascular inflammation, increased expression of gene

transcripts in the biopsy tissue indicative of endothelium injury (!?)

3. Serologic evidence of DSAs (HLA or other antigens)

Chronic, active ABMR; all 3 features must be present for diagnosis
1. Morphologic evidence of chronic tissue injury:                                                                          

Transplant glomerulopathy or                                                                                                         

severe peritubular capillary basement membrane multilayering or                                                

arterial intimal fibrosis of new onset

2. Evidence of current/recent antibody interaction with vascular endothelium: linear C4d staning in 

peritubular capillaries, (moderate) microvascular inflammation, increased expression of gene

transcripts in the biopsy tissue indicative of endothelium injury (!?)

3. Serologic evidence of DSAs (HLA or other antigens)

C4d staining without evidenceof rejection; all 3 features must be present for 

diagnosis
1. linear C4d staning in peritubular capillaries

2. No histologic evidence of acute tissue injury

3. No acute cell-mediated rejection (Banff 97 type 1A or greater) or borderline changes
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c. Chronic graft rejection 

 

Chronic graft rejection sets in more than 6 months after transplantation. It is often difficult to 

diagnose since the decrease in graft function appears slowly and progressively and is the 

consequence of various causes and triggers. Several processes are involved in chronic graft 

rejection [13, 64], the immune response being one of them. At first glance, recurrent 

infections and drug toxicity on tissue are deleterious, major side effects of 

immunosuppressors. Recurrence of the underlying disease (diabetes, autoimmune disease, 

IgA nephropathy) also occurs with time [65-67]. Therefore, late allo-immune response plays a 

part and insidiously creates irreversible damage to the transplanted tissue. 

 Figure 12: Long term graft survival 

a) a) Kidney graft survival is 

dependent of the number of 

HLA mismatches (MM) 

(HLA-A, -B, -DR) between 

recipient and donor graft. 

Left panel = graft survival 

between 1985 and 1994. 

Right panel = graft survival 

between 1995 and 2004. 

Graft survival has increased 

over years but is still related 

to the number of HLA MM.  

Graft lost is mainly due to 

de novo DSA. 

b) b) Lon-term graft survival is 

dependent on numerous 

factors: immunologic and 

non-immunologic. 
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The main challenge in chronic graft rejection is to recognize the beginning of the process as 

early as possible so that it can be stopped, thus minimizing the destruction and pathological 

repair that it entails. The key precaution consists in a regular follow-up of transplanted 

patients and watching out for any clinical changes that can hint at chronic graft rejection. Here 

again, determining anti-HLA antibodies and testing the presence of DSA need to be part of 

the follow-up. 

 



24 

 

 

VI. anti-HLA antibodies and graft rejection 

 

a. Kidneys 

 

Hyperacute and acute kidney rejection 

 

In the field of solid organ transplantation, the allocation of a kidney from a deceased donor is 

strictly subject to HLA-A, -B, -DR matching. Recently, the Collaborative Transplant Study 

demonstrated that HLA-C matching also impacts on kidney graft survival [68]. The presence 

before transplantation of anti-HLA antibodies - in particular donor-specific antibodies (DSA) 

- may induce antibody-mediated rejection and mechanisms leading to chronic graft 

nephropathy.  

 

Thanks to prospective CDC crossmatching, hyperacute rejection is rare, but acute rejection is 

still observed - mainly because of preformed anti-HLA antibodies that were not detected at 

the time of transplantation, or due to de novo DSA surfacing in case of insufficient 

immunosuppression [61]. Anti-HLA antibodies show up in patients having received blood 

transfusions, after pregnancy and obviously after transplantation [69-71]. The presence of 

these circulating preformed anti-HLA may cause acute rejection as the antibodies are already 

present and may quickly reach the transplanted organ.  

The diagnosis of acute rejection after kidney transplantation is based on three parameters: 1) 

decreased renal function, 2) histopathological signs of rejection, 3) the presence of DSA [63]. 

Fortunately, nowadays, acute rejection if rapidly diagnosed has a good prognosis, and a rapid 

modification of immunosuppression will help to attenuate inflammation and destruction of the 

transplanted tissue. Owing to a large panel of immunosuppressive drugs and the considerable 

advances in the field help physicians to rapidly cut short any episodes of rejection. 

Nevertheless, acute rejection tends to lead to inadequate tissue repair and fibrosis, resulting to 

some extent in the loss of some of the kidney function [10, 72]. 

Patient survival curves, as well as graft survival curves have dramatically improved within the 

past 5 to 10 years (see below), owing to several factors such as better management of patients, 

a better understanding of immunosuppressive drugs and an appropriate use, detection and 

elimination of DSA. But sensitized patients are still a challenge as their survival is decreased 

compared to non-immunized patients Fig 13). 
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Figure 13: HLA mismatches (MM) are deleterious for long term graft survival 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Kidney graft survival decreased with number of HLA MM between recipient and donor  

b) This phenomenon is worsen when recipient have anti-HLA Abs  

 

It would therefore appear that now the principal challenge is late or chronic rejection as long-

term survival has barely improved  in the past 10 years. 

 

Chronic kidney rejection 

 

The fine tuning of immunosuppressive regimens as well as the monitoring of anti-HLA 

antibodies have improved the management of acute antibody mediated-rejection (AMR). 

However, long-term graft outcome may be affected unfavorably because of a delay in the 

diagnosis.  

The diagnosis of chronic rejection applies if rejection sets in 6 to 12 months after 

transplantation. Chronic rejection may be due to several factors such as recurrent infections, 

side-effects of the immune suppression and cellular or humoral processes [65-67]. The early 

diagnosis of humoral rejection and its treatment may drastically affect graft outcome even if 

the episode manifests years after transplantation [62, 73]. To forecast the outcome of patients 

 



26 

 

suffering from chronic rejection in our institution, we recently analyzed our cohort of kidney-

transplant recipients [74].  

In our cohort of 850 kidney transplant recipients followed between 1983 and 2013 we 

observed de novo anti-HLA antibodies to be present in 31 patients (3.6%) out of these 31 

patients 27 presented de novo DSA (87%). Of the 27 patients, 4 had anti-HLA class I only, 17 

had class II only and 6 had class I and class II 

.  

Figure 14: Characteristics of patients analyzed in our cohort of long-term kidney 

transplanted patients with de novo DSA (dnDSA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

12 were therefore diagnosed with late ABMR (> 1 year post-transplant), 8 with early ABMR 

(< 6 month post-transplant) and 2 with early followed by late ABMR. The rate of patient and 

graft survival after 15 and 30 years was 100%. A graft biopsy was performed whenever DSA 

appeared regardless estimated glomerular filtration rate. The graft biopsy showed no rejection 

in 10 patients, ABMR in 16 patients, T-cell mediated rejection in 6 patients, and mixed 

rejection in one patient. 
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Figure 15: de novo DSA in long term kidney transplanted patients (> 1 year) 

 

a) Left panel represents the 

interval between 

transplantation and the 

apparition of de novo DSA. 

Right panel determine the 

interval between the 

discovery of de novo DSA 

and the biopsy 

c) b) Histological classification 

of kidney after discovery of 

de novo DSA. As shown, 

even in long term graft 

outcome, acute ABMR and 

chronic active ABMR are the 

major lesions observed. 

 

 

Depending on the type of rejection, treatment consisted of rituximab, plasmapheresis and/or 

methylprednisolone pulses. At last follow-up, on December the 31st 2013, no graft was lost 

due to ABMR. This single center observation favors the need for systematic therapeutic 

management of subclinical ABMR in order to avoid chronic transplantation glomerulopathy. 

DSA validation in a randomized controlled study as well as molecular microscopy will 

probably help the clinician to improve disease reclassification and lead to enhanced treatment 

tailoring. 

 

b. Islets-pancreas 

 

To treat type I diabetes mellitus, whether complicated or not by end-stage-renal failure, the 

transplantation of either kidney or pancreas or both simultaneously, is an approach that is now 

widely accepted for selected patients. Pancreatic islet transplantation is an alternative used 

successfully to achieve insulin independence or improve glycemic control for patients with 

“brittle” type I diabetes. Pancreatic islet transplantation frequently requires several infusions 

from different donors. Both procedures expose the recipient to multiple HLA antigens and a 
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fortiori to multiple mismatches. As in kidney transplantation, DSA are associated with 

antibody-mediated rejection (ABMR) and reduced long-term graft survival [10, 75].Reports 

of isolated or simultaneous kidney-pancreas transplantation and islet transplantation mention 

that the development of anti-HLA antibodies is common and that it constitutes a risk factor 

for graft dysfunction and for survival [76]. It has been established that there is a correlation 

between the presence of anti-HLA antibodies and poor graft survival in pancreas transplant 

recipients. In islet transplantation, anti-HLA sensitization has a significant impact on islet-

graft function when compared to non-sensitized patients. Other reports have also 

demonstrated an association between DSA and islet graft deterioration and failure [77]. More 

recently, the collaborative Islet Transplant Registry published an analysis of the largest cohort 

of 303 recipients of islet transplantation. In this study, HLA class I sensitization defined by 

the panel-reactive antibodies (% of PRA) was associated with significantly poorer islet graft 

function when compared to non-sensitized patients [78]. However, other reports indicate that 

DSA were not deleterious for islet function [79]. We previously published our cohort study in 

2008 [80]. In this initial publication we concluded that the addition of islets does not represent 

a risk factor for the development of anti-HLA antibodies when combined with a kidney 

transplant. 

Recently, we analyzed an updated cohort of patients that had undergone pancreatic islet or 

pancreas transplantation [81]. The goal of this study was to characterize the anti-HLA 

antibody repertoire of the recipients before and after transplantation and to assess the specific 

risk of anti-HLA sensitization in islet and pancreas transplantation. Eighteen patients received 

islet transplants and 27 patients received a pancreas transplant. The presence of anti-HLA 

antibodies was determined in 11 out of 18 islet transplant recipients (61.1%), but only in 12 

out of 27 pancreas recipients (44.4%). Six patients (33.3%) developed donor-specific 

antibodies (DSA) to HLA antigens in the islets, and 10 patients (37%) developed DSA 

antibodies to HLA antigens in the pancreas. We did not find any factors that could have 

predicted the development of anti-HLA antibody after transplantation. Development of de 

novo DSA did not influence graft survival as estimated by insulin independence. These 

current data confirm our first publication [80] and we did not observe significant differences 

between islet and pancreas transplantation (Fig 16 and 17) 
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Figure 16: Risk of anti-HLA sensitization after islet or pancreas transplantation. 

 

Figure 17: Pancreas and islet graft survival among patients with and without DSA.  

 

Our data indicate that DSA 

develop at similar rates in 

recipients of pancreas and islet 

transplants, and are not 

associated with reduced graft 

survival and reduced graft 

function (as estimated by insulin 

independence). These results 

contradict other reports 

describing increased HLA 

sensitization in patients with 

failed islet grafts [77] and 

poorer graft survival in pancreas 

transplantation [76, 82]. We 

assume that the 

immunosuppressive treatment 

of our cohort tended to be more intense than that in other centers, whose studies were reported 

previously. This could explain why we did not find statistical differences in terms of insulin 

dependence in the follow-up of our patients. 
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c. Heart and Lung 

 

Adverse effects of DSA in other organ transplants such as heart [11] and lung [12] have been 

reported. In heart transplantations preformed anti-HLA antibodies are frequently detected that 

are due - in addition to other sensitizing events - to ventricular assist devices (VAD)  [83]. As 

acute rejection after heart transplantation may jeopardize cardiovascular hemodynamics, 

screening for anti-HLA antibodies before transplantation is of prime importance. Considering 

the high sensitivity of SAB and the high percentage of anti-HLA antibodies detected in 

patients waiting for heart transplants it would appear that the detection of anti-HLA antibodies 

by SAB warrants predicting AMR and short-term graft survival (Fig.18) [11, 84, 85]. 

Therefore, SAB alone does not provide sufficient criteria to predict cardiac allograft rejection 

and graft survival, as VAD induces the development of numerous anti-HLA antibody 

specificities that are probably not toxic [86].  

 

Figure 18: Pediatric heart graft survival among patients with and without anti-HLA Abs 

(Asante-Korang et al [85]) 

a)Kaplan–Meier survival plot comparing sensitized patients with non-sensitized patients 

before 2005. b) Kaplan–Meier survival plot comparing sensitized patients with non-sensitized 

patients after 2005. 

 

After lung transplantation, the presence of de novo DSA may also induce AMR associated 

with bronchiolitis obliterans syndrome (BOS) and cystic fibrosis. Several reports are in 

agreement that anti-HLA antibodies and early DSA development are associated with poor 
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lung graft outcome and high risk of mortality [12, 87-89]. As illustrated below, determination 

of anti-HLA antibodies will dictate the acceptance or refusal of an organ offer [90]. 

 

Figure 19: Lung graft survival among patients with and without anti-HLA. 

Organ offer assessment algorithm. 

 

 

 

 

 

 

 

 

Therefore, the close follow-up of these patients is crucial in order to detect de novo DSA and 

rapidly increase the dosage of immunosuppressant, thus avoiding AMR and its disastrous 

complications. 

 

d. Liver 

 

For many years, it was thought that HLA matching had no influence on liver transplant 

survival as illustrated: 

Figure 20: Graft survival in liver transplantation. 

 

In liver transplantation, graft survival is 

independent of HLA MM.  

 

 

 

 

 

 

 

For this reason gastroenterologists took little notice of anti-HLA antibodies in their patients. 

Indeed, on the one hand, the complexity of liver transplant surgery along with its post-

transplantation complications and, on the other hand, the immune privilege of the liver, the 
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allo-immune response and its role in post-transplant complications was not in the forefront of 

concerns. 

The role of the allo-immune response in liver transplantation has been debated, but recent 

literature suggests that anti-HLA antibodies - as in other organs - may have a major impact on 

liver transplants. To date, most of the reports refer to adult liver transplantation recipients, 

investigating the role of anti-HLA antibodies on events like acute and/or chronic rejection 

after liver transplantation [91, 92]. According to these reports, the impact of DSA on liver 

allograft function is as follows: 1) 20 to 40% of patients have DSA before and after 

transplantation [93]; 2) the presence of these DSA is associated with late chronic post-

transplant complications such as ductopenia, biliary strictures and fibrosis [94, 95]; 3) the 

direct involvement of DSA in these liver complications may be complicated by tangled 

images of humoral and/or cellular mechanisms of rejection [96]. As no clear and systematic 

determination of anti-HLA antibodies and DSA took place in the liver transplant population, 

conflicting results are still being reported. Nevertheless, to understand long-term graft 

outcome, it seems clear that extensive prospective studies including the determination of DSA 

and histopathology data are needed for a more efficient approach to humoral and cellular 

rejection [97].  

 

Reports dealing with pediatric patients also suggest that DSA may play a part in the long-term 

survival of liver grafts [98]. Here in Geneva, we also started to study liver transplant patients. 

We analyzed the presence of anti-HLA antibodies in our pediatric cohort of young liver 

recipients to determine whether DSA predict or not acute cellular rejection of pediatric liver 

transplants [99]. Of the 64 liver transplantations performed between 2005 to 2013, 23 patients 

(43%) were sensitized by the presence of preformed anti-HLA antibodies, of whom 13 had 

preformed DSA (20%). After transplantation, 25 patients developed de novo DSA (39%). 

Acute allograft rejection occurred in 23 (43%) transplanted children, 4 of which (6%) had 

preformed DSA, while 10 of the patients (16%) with rejection presented de novo DSA after 

transplantation. Nine of the patients with rejection did not have HLA antibodies (14%) 

(Fig.21). During this study we were surprised to observe that (1) 43% of this young 

population was already sensitized before transplantation, a fact that may have a negative 

effect on transplant outcome and (2) that the presence of these anti-HLA antibodies - in fact 

DSA - had no impact on either rejection episodes or patient and graft survival. According to 

our results, preformed DSA or de novo DSA do not seem to predict acute cellular rejection in 

pediatric liver transplants. However, it cannot be ruled out that chronic inflammation may 
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lead to other specific hepato-biliary damage as suggested by Miyagawa-Hayashino and others 

[98, 100]. Consequently, we will continue this study and compare histopathological liver 

lesions with the presence of anti-HLA antibodies.   

 

Figure 21: Development of DSA in pediatric liver transplantation  

 

a) Even if more than 50% of the children have preformed DSA or developed de novo DSA, 

b) we did not observe an increased risk of rejection episodes in our cohort. 
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e. Bone marrow 

 

Transplantation of hematopoietic stem cells (HSC) from related or unrelated donors is 

becoming increasingly common for treating patients with certain hematological diseases such 

as leukemia and lymphoproliferative syndromes [101-103]. The HLA system being highly 

polymorphic [36], it is difficult to identify a „perfectly matched‟ donor. Consequently, an 

increasing number of patients are transplanted with HSC from unrelated volunteer donors 

registered in the Bone Marrow Donor Worldwide (BMDW) international database, which 

donors are often HLA-mismatched, at least at one locus [30, 104-107]. Although transplant 

centers agree that HLA incompatibilities entail an increased risk of post-transplant 

complications and mortality, no consensus on acceptable mismatches has yet been reached 

[108]. It is still unknown why some patients are successfully transplanted with HLA-

mismatched HSC while others are not. At present, no official criteria exist for selecting the 

optimal donor from several HLA-incompatible donors. One option would be to select donors 

based on permissive antigens, i.e. antigens to which the recipient does not have antibodies! 

 

However, when no suitable unrelated donor can be identified, the transplantation of 

mismatched umbilical cord blood (UCB) is becoming an increasingly common alternative. 

The drawback of UCB transplantation is that hematopoietic recovery is delayed and the risk 

of graft failure increased, as compared to HSCT from related or unrelated volunteer donors 

[109-111]. This is partly due to the fact that concentrations of nucleated cells and CD34+ cells 

are lower in the UCB grafts than in marrow grafts [109, 112]; another reason is mainly poor 

HLA matching of donor and recipient cells [113]. 

 

Early studies have highlighted the role of anti-HLA antibodies in graft failure after HLA-

mismatched related HSCT [114, 115], positive cytotoxic crossmatch being an independent 

risk factor for graft failure [116]. Having analyzed anti-HLA antibodies soon after HSCT, 

Lapierre et al. [117]  reported that peripheral blood HSCT mobilized by granulocyte-colony-

stimulating factor (G-CSF) resulted in an increased incidence of circulating anti-HLA 

antibodies, as compared to bone marrow transplants. In HLA-mismatched HSCT, however, 

serum crossmatching was considered to be of good predictive value for graft failure [116]. 

Because of lower cell concentrations and higher HLA mismatching rates, UCBT is associated 

with a higher risk of graft failure [118]. 
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 When multiple UCB units are transplanted, patients with failed donor engraftment showed 

increased host T-cell proliferation in mixed lymphocyte reaction assays [119]. A Japanese 

study of 250 UCB recipients showed an incidence of anti-HLA antibodies of 16.4% [120]. 

Whilst the success of engraftment was similar in antibody-positive and antibody-negative 

patients, it was significantly lower in the 8 patients with DSA (93% vs. 58%, p=0.017) [120]. 

In two patients in need of SCT, the microbead assay was used to identify DSA and to select 

the CBUs accordingly [121]. According to the only published study on the use of virtual 

crossmatch in monitoring alloimmunization in UCB transplant patients, 24% of patients in a 

cohort of 46 patients [122] had anti-HLA antibodies. Although MICA antibodies have been 

associated with lower kidney graft survival [123] , very few studies have been published in 

allogeneic stem cell transplantation [120, 124]. 

Our hypothesis that UCB engraftment failure might correlate with the presence of DSA as 

determined by solid-phase assay techniques prompted us to study a cohort of 70 pediatric 

UCB transplant recipients. All cord blood transplant patients were tested for alloantibodies to 

HLA and to MICA on pre-transplant and post-transplant plasma samples. Based on two 

previous cohorts of UCB transplant patients, a 16-24% rate of anti-HLA antibodies is 

expected [120, 122]. Regarding pediatric patients awaiting donation of a liver, we were also 

surprised to see that 44 % of the children were sensitized before transplantation [99, 125]. 

The presence of anti-HLA class II antibodies was associated with reduced overall survival and 

event-free survival and is in relation with the strength of antibody titers in terms of mean 

fluorescence intensity. The presence of anti-MICA antibodies is significantly associated with 

a reduced platelet recovery rate after transplantation [125] . 
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VII. Articles 

 

 

a) The role of anti-HLA Abs and particularly of DSA in graft outcome has become a pivotal 

concern in transplantation and has to be taken into account before carrying on with the 

transplant procedure. Since the various groups report different DSA intensities, we studied 

155 living-donor kidney transplant patients from the areas around Geneva (42 patients) and 

Zurich (113 patients) between January 2005 and June 2008, and determined which anti-HLA 

intensities would be most appropriate for our patients on the waiting list. 
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Conclusion  

Based on this study, we were able to define the appropriate cut-off for anti-HLA antibodies. 

Until then, each laboratory in Switzerland chose a mean fluorescence intensity (MFI) of anti-

HLA Abs according to their own experience or feeling (!). After this report, all HLA 

laboratories in Switzerland agreed on a consensus defined as followed: 

 

Figure 22: Pratical standpoint with deceased donor  

 

 

 

 

 

 

 

 

 

 

 

According to the intensity of DSA and the results of the CDC crossmatch performed before 

transplantation, the decision to go ahead or to refuse the graft will be taken in accordance with 

clinicians and surgeons. 

 

We also agreed to perform a Swiss quality check, organized by Geneva, in order to ensure 

that all HLA laboratories obtain identical data and intensities for given sera.  

Figure 23: Comparative Luminex LSA data between Swiss HLA Laboratory  

DSA (MFI) XM Transplantation Treatment

>10‟000 NO offer

>1‟000 - <10‟000 Negative No contra-indication. Case 

by case decision

Induction with ATG-

plasmapheresis-

Rituximab

>1‟000 - <10‟000 T positive  

B negative

No transplantation

>1‟000 - <10‟000 T negative

B positive

No contra-indication. Case 

by case decision

Induction with ATG-

plasmapheresis-

Rituximab

<1‟000 YES standard
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We therefore have to provide a list of anti-HLA Abs list and intensities in the SOAS (Swiss 

Organ Allocation System) program for each sensitized patient on the waiting list to ensure 

that the appropriate criteria are met and to avoid transplantations with high intensity DSA.  

 

This becomes even more important as more and more patients are waiting for a second or 

third transplant. 

 

Figure 24: Kidney transplantation: Waiting list in Switzerland (1.1. 2014) 

 

On the left panel, 93% of the patients on the waiting list do not have anti-HLA antibodies. 7% 

are sensitized (with a certain % of circulating anti-HLA antibodies, as represented by PRA 

(panel reactive antibody). 

 

 

Moreover, even though the prospective crossmatch remains the gold standard test to guarantee 

a successful transplantation procedure, other crossmatch techniques exist. We therefore 

considered it appropriate to validate our choice of methods and establish a consensus for 

transplant centers and HLA laboratories in Switzerland. We also agreed that CDC-XM 

associated with LSA data is still the best predictor of graft function. Luminex XM was a 

promising new methodology, but unfortunately it did not yield satisfactory results for anti-

1.3%

93.2%

1st Transplantation (622 patients) 2nd Transplantation (185 patients)

3.5%1.9%

13%

60%16.2%

10.8%

0 to 4%5 to 49%>80% 50 to 79%PRA

PRA: panel reactive antibody = presence of anti-HLA antibody
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HLA class II since the detection of anti-HLA-DQ antibodies was not possible. This method is 

no longer used for clinical purposes. 

For organs donated from living donors most laboratories also use Facs-XM, which technique 

is more sensitive than CDC-XM (63% versus 38%). 

 

In conclusion, to arrive at both the right decision and process for transplantation, clinicians 

should take several test results (XM CDC and/or Facs, LSA, PRA) and patient‟s clinical data 

into account. 
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b) As specified in the previous manuscript, detection of anti-HLA Abs has become a major 

criterion in decision-making before and after transplantation. But it is also a major tool for 

following up transplanted patients and for diagnosing antibody-mediated rejection, 

considering that the development of DSA is part of the diagnostic components and will dictate 

the adequate treatment and/its potential adjustments. 

However, the Luminex® technology for detecting anti-HLA Abs is so sensitive that an 

increasing number of patients are shown to have pre-formed anti-HLA antibodies, which may 

obviate their access to an organ. Luminex® also detects de novo anti-HLA Abs or DSA in a 

high number of patients! For this reason we have to develop strategies for quantifying these 

anti-HLA Abs and determine those that are relevant and those that are not. 
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Conclusion  

 

The purpose of this study was to pinpoint (a) those anti-HLA antibodies that may be 

deleterious for the graft, (b) those that should be taken into account for preventing graft 

rejection, and (c) those that are not deleterious according to (1) the techniques used, (2) the 

interpretation of the combined results and (3) the type and intensity of the anti-HLA 

antibodies detected (Fig.25) 

Figure 25: Pratical standpoint with living donor  

 

With living donation, several tests and decisions can be made time before transplantation. 

Here again, according to the intensity of DSA and the results of the CDC crossmatch and/or 

Facs, the decision to go ahead or to refuse the donation will be taken in accordance with 

clinicians and surgeons. 

 

As described in the manuscript, we established stratification of patients at risk according to 

the 3 criteria mentioned in Figures 2A and B, and we hope that these strategies for risk 

assessment - before (Figure 3A) and after (Figure 3B) transplantation - will help clinicians to 

make appropriate decisions with regard to the intervention and, if necessary, the adjustment of 

the immunosuppressive treatment if needed!  
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c) Isolated or simultaneous kidney-pancreas transplantation is an accepted procedure for treating 

certain patients suffering from type I diabetes mellitus with or without end-stage-renal failure. 

Pancreatic islet transplantation is an alternative, more recent, procedure designed to achieve 

insulin independence or to improve glycemic control in patients with “brittle” type I diabetes. 

Pancreatic islet transplantation tended to require several infusions from different donors, 

therefore exposing the recipient to multiple HLA mismatches, which may favor development 

of anti-HLA antibodies. The presence of antibodies to HLA before transplantation is 

associated with acute antibody-mediated rejection that could lead to rapid graft loss or to 

reduced long-term graft survival [4, 126]. After transplantation, de novo anti-HLA Abs 

indicate insufficient immunosuppression and are also associated with reduced graft survival. 

Whether referring to isolated or simultaneous kidney-pancreas transplantations or to islet 

transplantations, several reports demonstrate that anti-HLA antibody is a risk factor for graft 

function and graft survival [77, 79]. 

In our cohort of islet infusion recipients, we characterized the anti-HLA repertoire before and 

after transplantation to assess the specific risk of anti-HLA sensitization. 
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Conclusion  

In this study, we compared the extent of sensitization in our cohort of 37 recipients of islets 

alone, islet-after-kidney, and simultaneous islet-kidney transplantation. Our data indicate that 

the development of DSA after transplantation was similar in islet infusion recipients and 

kidney transplant recipients (10.8%), and that the addition of islets does not represent a risk 

factor for the development of anti-HLA antibodies when combined with kidney 

transplantation. These results contrast with those of others [77, 79] who report high 

percentages of sensitization, i.e. 34% and 75%, respectively. Since in our study 

immunosuppression was progressively withdrawn from 3 out of 4 patients developing anti-

HLA Abs, we concluded that - even with unsuccessful islet infusions - immunosuppressants 

at low dosage should be maintained in order to avoid sensitization as remaining non-

functional tissue is still in the body. 
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d) We hypothesized that failure of umbilical cord blood (UCB) engraftment might correlate with 

the presence of DSA. We studied a total of 70 UCB pediatric transplant patients. All of them 

were tested for alloantibodies to HLA and MICA by microsphere arrays on the Luminex 

platform [127]. Pre-transplant and post-transplant plasma samples were available for the 

study, and before conducting the analysis we ascertained that antibody screening on plasma 

yielded results comparable to those obtained with serum samples, as described previously 

[128]. Samples were first tested by the Luminex® LabScreen for the detection of antibodies 

to HLA class I, class II and to MICA. Positive screening results revealed the specificities of 

anti-HLA and anti-MICA antibodies determined by Luminex® LSA. Both assays are 

routinely used in the clinical laboratory for testing patients on the kidney waiting list and 

patients in need of platelet transfusions. Based on two previous cohorts of UCB transplant 

patients, a 16-24% rate of anti-HLA antibodies is expected [120, 122]. 
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Conclusion 

This was one of the first studies to demonstrate that preformed antibodies to HLA and to 

MICA have a deleterious effect on the hematological recovery of children transplanted with 

UCB. 

On the basis of this observation, we were able to confirm that analysis of anti-HLA Abs is 

essential before and after transplantation to guarantee optimal care and follow-up of these 

young patients. Therefore, determination of anti-HLA Abs by SPA has become a routine test 

in hematological care units, the presence of anti-HLA Abs being associated with reduced 

hematopoietic graft survival [129]. This becomes even more accurate as haplo-identical HSC 

appears again to be an option in HSC transplantation. Therefore, the determination of anti-

HLA antibodies in all patients awaiting a HSC transplant is essential to avoid DSA again the 

potential allo/haplotype donor, and it is now recommended that before any HSC 

transplantation, patients should be screened for HLA antibodies [130]. 
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VIII. Conclusion and Perspectives 

 

Transplant immunology was slowly “dying” due to better knowledge and the improved 

management of immunosuppressive drugs. HLA mismatches ceased to be a problem in 

transplantation. 

With the introduction in 2005 of the Luminex technology along with the identification of anti-

HLA antibodies and their specificities, came a complete change of techniques, tests and 

approaches in HLA laboratories. Consequently, follow-up of patients on the waiting list as 

well as transplanted patients also had to change and new guidelines had to be established for 

physicians and technicians alike.  

At the same time, determination of anti-HLA antibodies with these sensitive technologies 

(SPA) led to new areas of interests and developments:  

1) With the clear identification of anti-HLA antibodies at an intermediate allelic level, 

HLA typing of donors and recipients also had to evolve, and intermediate to high 

HLA-typing has replaced low-level HLA typing.  

2) Results of crossmatches and SPA have to be analyzed in parallel in terms of 

practicalities so that a better assessment of the risks of an allograft can be made (Fig 

22 and 25). 

3) The sensitive determination of specific anti-HLA Abs gives rise to the question as to 

which intensities are they clinically relevant and which anti-HLA Abs are detrimental.  

4) Can we consider SPA as granted or should we also - or even exclusively - take 

complement-binding Abs into account? Work in this area is still in progress. 

5) The panel of anti-HLA Ab specificities revealed for a given patient is now an 

additional tool to guide our decisions regarding patients on the waiting list. With the 

new SOAS (Swiss Organ Allocation System) program, the specific anti-HLA Abs of 

each patient are listed, and anti-HLA Abs with MFI >1,000 are avoided (Fig 22). This 

led to the development of a program called virtual crossmatch, i.e. an organ is offered 

for donation only in case of permissive antigens, DSA being categorically ruled out [1, 

131] . 

6) Owing to this program, organ allocations are more accurate and the organs offered are 

a better match, resulting in a decrease of inadequate crossmatches and thus the length 

of time to the final process becomes shorter.  
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7) We know that antibodies to HLA class I (HLA-A and –B) [132] and to HLA class II 

(HLA-DR and –DQ) [133, 134] are risk factors for acute and late rejection. However, 

SPA reveals antibodies to HLA-C, and –DP, which justifies an extensive HLA-typing 

of donors and recipients by new methods. The main question was: what to do about 

these anti-HLA-C or –DP Abs? Are they clinically relevant? Several reports have 

confirmed a major role of anti-DQ antibodies [135], anti-HLA-C Abs having also been 

described as detrimental for kidney graft survival [6, 68, 136, 137] A recent survey of 

1,069 patients on the waiting list for organ transplantation has revealed a lower 

frequency of anti-C antibodies as compared to anti-A, -B, -DR and -DQ antibodies, 

and lower median mean fluorescence intensity (MFI) values for anti-HLA-C 

antibodies [137]. Eight patients received kidney transplants with DSA specific for 

HLA-C, but these antibodies did not appear to affect graft survival and acute rejection 

[137]. So far, only case reports have demonstrated the harmful effect of anti-HLA-DP 

Abs on the survival of kidney allograft [138, 139]. Larger cohort studies are needed 

before a conclusion can be reached.  

8) Nevertheless, taking into account all these additional anti-HLA Abs, and therefore the 

HLA-C and –DP for allocation, will also give rise to additional difficulties when 

deciding as to the allocation of an organ to a particular recipient, given the small 

number of deceased donors available in Switzerland. 

Therefore, the identification of these anti-HLA Abs revealed that pre-transplantation 

immunological risk is an increased problem and that the best donor-recipient 

combination is becoming a real challenge. 

 

Moreover, to counteract the major problem of the shortage of deceased donor, leading to long 

waiting time for patients on the waiting list, different programs were developed and extended 

in Geneva: 

1) Living donation: Nowadays, 50% of our kidney donations are coming from living 

donors. 

2) ABO-incompatible kidney transplantation: As described in paragraph V.a, ABO-

incompatible living kidney transplantations have been performed with great success in 

Geneva, and so far the graft survival rate has been 100% [57, 58]. 

3) Crossover transplantation: when living kidney donation cannot be performed due to an 

immunological incompatibility between the donor and the recipient, a crossover 

transplantation could be performed between 2 couples in the same situation. We have 
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performed this kind of kidney transplantation since 2010, and we are lucky to have 13 

happy crossover couples, also with a graft survival rate of 100%. According to Dr 

Karine Hadaya (Division of nephrology and transplantation at Geneva) report, a 6 and 

12 month post-surgeries‟psychological evaluation of the 13 donors and recipients 

reports no regret [140]. 

 

These excellent results are due to very accurate analyses of the donor's and recipient's 

parameters, including thorough analysis of their immunological status, DSA having to be 

avoided at all costs.  

The development of de novo anti-HLA antibodies is a sign of non optimal 

immunosuppression, and as their presence have major clinical relevance, the follow up of 

patients should be taking into a very careful attention. Appearance of de novo anti-HLA 

antibodies should lead to appropriate investigations such as graft biopsy. Acute ABMR 

responds to therapy such as plasma exchange and anti-B depletion. As soon as ABMR is in a 

chronic phase any therapeutic strategy is less efficient. A better characterisation of ABMR as 

proposed by the new Banff classification is certainly of great help and leads to new clinical 

studies with innovative therapeutical strategies [23]. The clinical relevance of preformed anti-

HLA antibodies remains a challenge for clinicians and laboratories, and their role post-

transplantation is variable and often unpredictable. To date studies are performed to better 

determine antibody class, specificity, strength and ability to bind complement in order to 

better stratify the risk of ABMR and organ loss [141].  

The solution could come from the development of new therapies focusing on antibodies and B 

cells. B cells may act as potent APCs to activate CD4 T cells, they differentiate into antibody 

producing plasma cells, and recently it has been reported that sub-populations of B cells may 

act as immunoregulatory cells and are contributors to transplant tolerance [142-144]. A better 

understanding of B cell activation and function through variation in DNA sequences, co-

receptors expression, protein biomarkers and cytokine production will help in the 

characterisation of alloimmune response and therefore in its interference (see for review 

[145]). 

 

Thanks to classical immunosuppressive drugs targeting the T cells, cellular rejection is not a 

problem anymore. In the near future, we hope that ABMR will also become a rare 

phenomenon, as the development of new targets involved in the B cells activation and 

complement inhibition will hopefully significantly regulate harmful alloimmune response. 
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To conclude, our major goals and perspective are to improve tools to help physicians and 

patients for better care and follow up. We also need to be accurate in the tests “needed” to be 

performed, their timing before and after transplantation and keep in mind that any result could 

considerably influence/modify treatment and intervention on a given patient. For this reason 

interaction of physicians on the bench should always stay in close contact with physicians on 

the bedside, and vice versa. This is essential for the good care of patients and I think that we 

pretty much reached that goal in our hospital. 
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