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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.



I11. 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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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].



Figure 2
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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.



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
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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 AZ2). 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] .



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
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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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Figure 3c: Biopsy and histology of kidney
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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

Figure 3d: Complement pathway
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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,
Clg-binding DSA are associated with a worse
graft survival than DSA not binding Clq .
Although this approach appears to be
promising after transplantation, current data
fail to demonstrate that C1g-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
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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 Clg-positive DSA. The difference in performance between the C3d- and C1g-
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 Clg-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 Clg-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

11



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

outside the coding region [33].
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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 | consists of the three major loci HLA-
A, -B, and —C, and HLA class Il 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

A
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b) Class I: HLA-A, -B and -C
Class Il: 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 | are expressed by all the cells
of the organism except red cells and HLA-class Il 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

a-chain and a 2 microglobulin (encoded

on X15).0nly the a-chain is polymorphic.

Class Il molecules are expressed on

specific antigen presenting cells (APC)
Class |

such as dendritic cells, macrophages and

’ B cells. Upon inflammation, MCH class II

A | @Q: classy | €an be expressed by any type of cells.

Parham (42)




Class Il are composed of two heterodimers o and p-chains. The a-chain presents less
polymorphism than the B-chain.
However, HLA class Il expression can also be induced and increased on any type of cells with

the induction of cytokines, particularly IFN-y [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
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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(Y).
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1)

2)

3)

4)

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]:

Calcineurin inhibitors Inhibition of activation and proliferation of T lymphocytes by
inhibition of TCR-dependent T-cell activation. CsA interfere with I1L-2 synthesis AND IL-2R
synthesis

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

These two first immunosuppressors are more specific of T lymphocytes

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.

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-kB, NFAT and STAT
families. The glucocorticoid inhibition of AP-1 and NF-xB will have major anti-inflammatory
effects, as AP-1 and NF-«xB 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].

16



Figure 8: Immunosuppressors:

Antigen presenting cell
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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-xkB, 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.
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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.
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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
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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
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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])

Acute/active ABMR; all 3 features mustbe presentfor diagnosis

1. Histologic evidence of acute tissueinjury:
microvascularinflammation or
intimal or transmural arteritis or
acute thrombotic microangiopathy or
acute tubularinjury

2. Evidence of current/recentantibody interaction with vascular endothelium: linear C4d staningin
peritubular capillaries, (moderate) microvascularinflammation, increased expression of gene
transcriptsin the biopsy tissue indicative of endotheliuminjury (1?)

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

Chronic,active ABMR; all 3 features must be presentfor diagnosis

1. Morphologic evidence of chronic tissue injury:
Transplantglomerulopathy or
severe peritubular capillary basement membrane multilayering or
arterial intimal fibrosis of new onset

2. Evidence of current/recentantibody interaction with vascular endothelium: linear C4d staningin
peritubular capillaries, (moderate) microvascularinflammation, increased expression of gene
transcriptsin the biopsy tissue indicative of endotheliuminjury (1?)

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

C4d staining without evidenceofrejection; all 3 features mustbe presentfor
diagnosis

1. linear C4d staningin peritubular capillaries

No histologic evidence of acute tissue injury

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

w N

Banff criteria are frequently updated [63]. Last updated on 2014 [23].
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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
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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.
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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
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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
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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 | only, 17
had class Il only and 6 had class I and class Il

Figure 14: Characteristics of patients analyzed in our cohort of long-term Kkidney
transplanted patients with de novo DSA (dnDSA)

Age on the day of fransplantation (years) 41(19-65)
Female/male {n) 9/10
Class| (n,%) 9(47)
Class |l {n,%) 16 (84)
Class| + 1l {n,%) 6(31)
Acute humoral rejection (< 1 an) 0
Acute cellular rejection (n,%) 4{21)
Renal dysfunciion attime of biopsy in 7(36)
patients with dnDSA (n,%)
Bouatou (74)

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)
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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 | 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 Kkidney 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 | 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.
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Figure 17: Pancreas and islet graft survival among patients with and without DSA.
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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. Heartand 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])
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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.

Status Prospective Iransplant
CDC XM

NoDSA,cPRA<50% NO YES

NoDSA,cPRA>50%  YES If negative CDC XM

DSA present YES If negative CDC XM
Adapeted from Kim et al (90)

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 vyears, it was thought that HLA matching had no influence on liver transplant
survival as illustrated:

Figure 20: Graft survival in liver transplantation.
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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
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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 11 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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mediated rejection in sensitized kidney allograft recipients

S. Riethmiller®®, S. Ferrari-Lacraz®, M.K. Miiller, D.A. Raptis?, K. Hadaya®, B. Risi’, G.
Laube®, G. Schneider®, T. Fehr™" and J. Villard®"*

#Division of Visceral and Transplant Surgery, University Hospital, Zurich, Switzerland,
bTransplantation Immunology Unit, Division of Immunology and Allergy, and Division of
Laboratory Medicine, Geneva University Hospital and Medical School, “Division of
Nephrology and Transplantation, Geneva University Hospital and Medical School, * HLA
typing laboratory, University Hospital, Zurich, Switzerland, ® Division of Nephrology,
Children’s Hospital, Zurich, Switzerland, "Division of Nephrology, University Hospital,

Zurich, Switzerland

Transplantation, 90(2). 2010

36



CLMiCAL AND TRANSLATIONAL RESEARCH

Donor-Specific Antibody Levels and Three
Generations of Crossmatches to Predict Antibody-
Mediated Rejection in Kidney Transplantation

Sebastian Riethmialler,"® Sylvie Ferrari-Lacraz,™ Markus K. Muller,' Dismitri A. Raptis,’ Karine Hadaya,”
Barbara Rasi,* Guide Laube,* Gregory Schneiter,™ Thomas Fehr,” and Jean Villard™**

Backgromnd. This shady svalnated the prognostic iImpact of pretramsplamt donor-spec fic antl-heman kmkocyte amtt-
pen amtibodies (DEA) detecied by single-antigen beads and comypared the three generations of oossmatch (XA ) tesis
transplantation.

Methods. Thirty-sevem Toodll complement -dependent cyinboxiciy crosmatch (EXM) megative Bying domor Edney

Inhh:i:l-qr

reciplenis with a retrospeciivel tttwe antimman lenkocyte
Mwmﬂwwmm and a Luminex XM

assay were Inchaded. &
ively perfiormed, and the

] werET

results were comrelated with the pooorrence of antbody-medizted rejactions {AMRs) and graft fomdion.

Resnlts. We fomnd that (1) pretransplant D54 against dass [ {D5&-1), bat not against dass 11, are prediciee for ARE,
resulting In a senstitvity of 75% and 2 spedficity of 0% at a level of 00 mean fhorescence imtenstty (MFI: (2) with
Increasing sirengih of 6.1, the senstibvity for AME 15 decreasing bo 50% and the specificity Is increasing o 100% a
w0l MIFT; (3] the 12XM for class [ bt mot for dlass 11, 2 tham the low oo M and the
B-cel GO The spectictyof al K s s reiy i combinati with A1 vt octe s or g 10 500 MEL
Coscinsions. In ssnsittzed reciplents, the best predicion of AMR and conssonttvely reduced graft fianction 1s d ebwered
by (1541 alome at high strength or by DE4-1 at low strength Im combimation with the LXM or CEMC

Keywords: Kidmey tramsplantation, Lumimex crossmatch, Solid-phase assay, deil-HLA antibodies, Domar-spedfic
amitbe-dies.

(Trasplenmnion 2010HE 160-167)

umoral sensitiration o kuman lmokooyte an (HLA)
u:hjmh;ubﬂnrgmimuﬂmmmvﬂ;fm
because of pregnancy, bood transfosion, previows tansplants,
o snsitization to.cross-reactive found on microorgan-
E'lmmdingﬂnﬂmuﬁmﬂ]l::; of donor-specific
anti-HLA antibodies (DSA) is amociated with all forms of
antibody (Abl-medigted rejection (AMR) (2] Soeening for

prefommed D54 hax evolved from complement-dependent
cytotoicity crossmatch (CXM) (3] o the more sensitive fow
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cytoamestry crossmatch [FX) (4, 51 In contrast to these “cell-
baged” or “membran £” assaps, in which the D54 tar-
get is the HLA expressed an the intact rmphocytes, advances in
HLA have facilitat=d the devel opment of
"mhf"ﬁm (5PA), whemeby the Eolated [nmrl:mm S
h&q:aﬂmt]HMmbﬂundh::mhﬂmﬁmﬁwuhbuﬂn
mimed and single HLA antigens directly Enked to florescent-
labeled beads are available [§-3], which detect co ant-
binding and moncomplement-binding anti-HILA using
flucrescent anti-human immuneglobulin G as 2 ssoondary Ab.
, acrossmabch (XM test using the solid-phass technol-
oy has introduced, mamedy the Lumines crossmatch (LXM;
LIFECODES DEA, Tepnel Lifscodss, Samiord, CT) (2, 100,
Preexisting or de nowvo DSA correlate with a higher risk
of graft faihere (11-14). However, the relevance of D5A de-

& AL colertod the clizcal dat, periormed the dats analysks, and Wi the mam-
scripts 5 F.- L mnilecied the chnical dat, contribetoe] inSe daty anatysk, amd
Wk Hse rammscript: W K6, KB, and G.L. ooillecha the dinical dasand
contribetod o witing of the mansTipt DUAR the sasisticl
anahysls IR, and G5 performed the fachnicl asalyses and TR and V.
planzed and supervisod ihe shady and wrnte the mamscripl
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SPA (e, with 2 negative XM is less clear
{l :—E&E‘I‘flu“#chzﬁ sensitivity of this technology might detect

254 that are clinically irrelevant, whereas false-negative e
actions could ke the result of difficulties in adherence of the
solubilized product from recombinant cells to the beads and
HLA dematuration during the purification process (81

The aim of this study was to evaluate the prognostic
impact of D5A ches and strength as 2 mean fuo-
rescence intensity (MFI) detected by single-antigen beads
(SAB) and to compare the three generations of XMs in sensi-
tized, but T-cell CXM [T-CXM )-negative racipients.

PATIENTS AND METHODS

Patienis

I &= Hospitals of Turich (ZH) and Ceneva (CE), 155 (23
1% GE: 42} Iving donor Kkiney transplantations with 2 segathee T-CXM
wire pericrmisd between |amoary 3005 and e 3008, Thirty-seven patiems
(ZEE ME CE 7) Bad a posfibee amil-HLA Ab screening asay { LABSCaen
Mixed, Omlambda Inc, Canoga Fark, CA) on the day of irassplmsation
and were inchodad in ks rebrospective sindy (siody design, s Ag- 11. I
addition to S anil-HLA Ab sreening a3y, oor proceders inchoded pamsd
reacibve antibody | FEA L LABSCreen Single Antigen axsy, and Sree-different
EMs In the sme serome All red plents and donors were fypad for HLA-A, -B,
and -DF by serckogy and polymerass chaln neaction with sequence-spacific
primer and for HLA-D by serology caly. Follow-ep was evalnaied eeid 1
yedr pesirarsplart.

Standard Immenosppression i all petients consishad of predniscoe, -
opienobiz, and—aomeding o physidan’s fadgment—coycosporine or
crolimus. Al indocion theragy Indeding rinximab, baslliztmab, or Thy-
moglobuling {Cenome, Cambrkige, MA) was nexd ¥ one of more of S
ficdlowing comd iions were ifbsi B-odl CXM (B-CKM) posidve, mrment
or psmik FRLA mone Ban 10%, reransplniadion, andsiy HLA-mismaiches. in
addition o thess parameders and the T-CXM., there was no addbiomad indor-
mation abon? S risk of AME avaliable 3 e time of transplanition

Panel Reactive Antibodies

Al serom smpks were tested In 2 miceolymphocyioboridty asay against
2 T-lpmphocpte pazel of 3 donore. Cells wers Incnibated with semm for 30
min & 21%C and then with complemest for 3] min.

Enfi-ALA Antibody Screening Assays

Fatienis were srreened with LA BScreen Mixed | LEMW LT, Omel ambda Inc.,
Canoga Park, CA)L This asay contains 2 paned of color-todsd miceobeads
oaiead with muokipie HLA antigens io idenSfy class 1 or [Dantl-HLA G Abs

38

and was perfrmed according o e mamBonners Indmoions (27 Ted

Imizrpretation was performed nsing HLA ' imal soffware {OnelambdaInc.)
on the LABSc 00 dow cytomeier (Leminex Inc, Ausiin, TX), and the

postiier czfofTwas af 300

N and FRIV

CXM was perfommisd by the Sl compliemens -depsrndend ciolox-
lcity mettod. Fatent sera were beted wih and witont dithict=reEol ac-
oording io She Enropesn Rederation for Immengenatics sandards. XMs
mreing negative afer difviothrelol treatment were conskdercd megathe for
firther analysis.

FXM was reirmpectively pericrmed for 2l petienis In one comler [GE]
writhatwo-cokor frecresence lechnlqoe as described proviomsty (22, 25). Call
salnieg was anaiyred nsng FACSCallber and Cell Craest sofwares (BD
PharMizges, San Jose, CAJ. T- and B-o=ll Sow X8 (T-FXM and E-FXM,
mapectivetys 1024-channe log smic) were reporisd posithes, I median chan-
nel shifis with 2 valoe of mome than 3 dandard deviations of costrol serem
valnes werz obsermed

Luminex Crossmatch

Doner lympincytes (300 10*) wenz lyzad with sk beffer acoording bo the
mamnfactorers stnaction [ LIFEOODES D68, Tepnel Lifecades). Eight mi-
croflicrs of donor hrsates were incubated for 30 min with 5 ul of antl-HLA
dam [- or [5-speciilc beads, which capters domor HLA antigens. Afty-fhe
microlEers ofthess donor HLA antigen-inaded beads were ad ded o 36-well
plaes and washed three Hmes. Fableni sera were deaned with SeraCiean
Teprad Liferndes) before Incobation fr 30 min with donor HLA antlgen-
loaded beads. Revelatlon was with 5 ul of ant-human
phvcoerytiarin-con papeied [pC. Detecion of the patient azil-HLA IRG Absand
n=nll ispraaton were performesd neng Likkixich softvare (Tepnad LIE-
oodies)) o thie LAEScan 1 00 dow cyiometer | Lominex). Fostivity was defined
armording bo Se mametacmers nues: the raw MF1 ke of @ cpiorne
b & comparsd with three arinif vaines {backgronnd adjesment faiors
[BAFS|). The thrae BAF valnes are caimlated from e ba el e rad
onthe Bree negative combrol beads (002 Ineach st well. Each 00N hasa
sxpargle and lot-specific cqnaticn for ckmlating e EAF vakues, The BAF
ckmiaid for 3 OO Is sbiracied from the raw MF1 vaine of the caprmrne
bezd. The process b repeaied for cach of the remaining two OO8S foobizin
thres adpasied MFI valnes. & sample s comshdered io be postibee for DSA Hal

least iwo adjusted MF] vahnes are postihe.

Single-Antigen Bead Assay

To Idensify the specificiy of anb-HLA lg5 Abs, we rebmspecivey par-
formed 2 high-defintsion LABSCreen Sngie Antlgen {Omelambsa) ciass |
amay In LAEScroen Mixed diass | postive individeals and a clas 1 assy In
LAEScreen Mined class Il positive indivinals (7, 24). Twenly microliers of
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serum were addend bo 5l of cass | panel [L5LAD], LATI-HD or dass 11 Giled. Rerehver operainr charcieristic (ROC) comves, along with the ana
panel {LEZADL, LATZ-HIY) microbeads, and the mison: was processed - under the curee, were compoied for DES vakees and thetr sensfhty, spac-
cordng fo the manefacrers iIndmcions. Resnl Interpeetation wa per- ficity, posive predictee vakee (FFY), and negative pradicive vaine [NFY)
formed msing LABSCn 100 software (Onelambda)on S LASSER 00 ow (28], Elnary iogistc regresson modal was msed b iden iy Independens pre-
cytomeler | Lomizex). A positive remlt was defined 25 mone San 530 MFAL diczors {recipdent's age, &x, number of ransplants, LA mismatches, and
whids was @ioalated as | foomescence of beads ooaied with HLA and Inm- DA vames) of rejection.

baied wish patient sermm)—{ foorescence: of heads withonl HLA and Inm-

baied with patient seram)— foorescence of beads with and withoot HLA

and tncubaied with megathve control seromi. RESULTS

Patient Characteristics, Type, and Frequency of

Outcome Parameters
Tae primary cutcome pemmetor wae AMS daring the frst e postemans. NeJe CLIONS o o _
planL All climcally snspectod refections were confirmed by neadle con Patient characteristics are given in Table |. Diagnoses

_ leading 1o need of transplantation were glomenslonephritis
hiopey. Elopsy speclmens were cvamatad by Bght microscopy and Immeno g
fnoTescence indnding C4d staining, The Msiologhc dasification followed.  (27% patients), pyelonephritis or interstitial nephritis (24%),
t&e BaniT'o7 classification with s updstes (25, 26 One sewith moderate podyoystic kidney disease [16%), vascular and hypertensive
bransplant glomerniits and perfrobular pllaritis withont C4d positivity  mephropathy (5%, diabetic nephropathy qul;r.} and “other”
was also asmmed 15 AMEL (224}, There were mo differences the DA+ and
r{mﬁ mmmdrm AME * groups. Mineteen patients received any Ab induction
allograR fmction, Mimrista i(nine Thymoglebuline, nine basiliximak, and one ritusx-
declingof 1 Ceatining Clearance {C1C) accomting 0 CockeTon G0 (7). oot Tha [V4A+ group received more Ab induction com-
TR decin was deflned 2a e difernce betwen e Bestraf fnchion i 2 e e s e el 1
ettt s s ot e bermpe i Al i
e p—— tion between the DSA+ and AMR+
Statistics l.'.:lfﬂ'te 3.'-"mru1:um:| living damar E:ln:ym:lpum.xlhl:l
For compartsnn of conttenoss varkhbies, Smdents 1 2 and Mane Whitney  DGA [nine against class [ only, seven against class [1 only, and
L test were usedl as appropriste. Cegonicl daba and cifferences ameny, Souragainst chisses [ and 11). Ofall patients, 18 (49% ) had at leas
proportions were compared Wi Flster's e1act lest All F vine were fwe one rejection spisade during the first year posttransplant, and

TEABLE 1. General charactaristics of all patiants, thoee with and wathcot AME and with and withoot DEA

AMR 1Ty
Mo AMR AMR DSA— DiEA 4+
Parameter Allin=37) [n=29]} (m=8) P (n=17) (=20} IS
Hﬂ:lphﬂigef}r]. IB{+17H 37 (+19] =g IL.73E {17 40(+17) 0352
mean [S[)
Male sex 1 {57 16 [55%%:) 5 (B2 LB a {535 12 (603%:] LTdE
Dlomar age (yr), 43 (44 50 (+10) % =6} (1% 1 50 {+10) 48 [+5) odsa
mean [S1¥
Mo transplants, = (%)
I 4 (5] 21 (72} 338} (1 s 14 {£2) 10 (50} LE2
2ar3 13 {35} 8 (28} ®iG2) 3{18] 10 (50}
HLA mismatch (%)
A0V 1366121 14ES 2L 11a7/22 LT 1870012 L] (18 el
B: @102 AL ] (EIEETE ] =LA 0500 &I024 103040 i
DE: 0Lz 5026 244828 I 0905 ELIE T 15503 wi49
15, m (%]
Predrisone 37 {100) 29 | 1) £ {100} 17 {100) ([ 10
E}'.‘I.l"h:l'u-lll:l:l.': 37 {10a) 29 [ 100) 20100} I.eE3 17 {100) 0 [ 103 L7435
MPA 37 {100) 29 | 1) £ {100} 17 {100) ([ 10
Antibaody induction® 18 {49} 15 (52} 4.0(%0) 1,053 5 {29) 14 (70} o2
Ch'ﬂ-l’m[u'l'ﬂ'l]itl.r:r. a4 {=19) 54 [+=210] B (=140 Ba{+21) & (=17) [IETar
mean [S1¥)
Crl] {mL/min) decline
after 1 yr, mean (30)
Abaekale 1{+11} 8(+%) M4 =13} OET B{+7) 14(+13) PN EE]
Relattve 149% 11%: 55 11% 15%:

* Axy anthody Indection therapy {ritnaimab or basilyimab or Thymogiobalin.
AR, amtfbody-medlaied rejecions DEA, donor-spediic antl-lmman keukocyte antigen antbody: 50, sandard deviation: Trll, creafivine ckameos [5,
Immmzcszpprasion: Cyd, cydosporine &; MPA, myopsenolaie.
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TABLE 2. Fregoency of AME and TME accarding to anti-HLA antibody and D3R stabac

Rejection Amti-HLA ab—= Amt-HLA ab+* HsA— &A+
type (n=118] (=37 P m=17) (n=20) P
AMR 0 8 [12%:] =000l 1 (B%a) T [35%] g
TME M [ 20%] 15 [#0%:] =Eell T i41%) 8 [#0%:] 1.2

* Screened Wit LABScreen Mlned STy oer smcy population conskied ouly ofthe 37 sreen postthve patienis bk for comparaiive parposss, the ceslis for

tie SCTeen negashve gronp ame alss Bsted Bere.

AM, antTody-med ted reection: TMI, T-cell-mediated rejection: HLA, Boman |eukocyte antigen: DEA, donor-spechiic anil- Seman kukecyie antgen

anthoys ab, antibody.

E:rﬂup:ﬂchbﬂﬂynf.ﬂﬂhrﬂﬂmgmrmg:ﬁnﬁ
lavale baced on mean fuorescanca intansity (MFT) chows a

n.gmﬁmurmhnﬂfﬁ::d:mn:-q:-nn.ﬁ:m'hnmnlnuh:u

antigan an [ (DEA-I; araa
ﬁﬂ:ﬁnmﬂmﬂ =1, 'lli'lnr-nu.l:t]'l.nr-n:nhl:'-:lr]]ﬁ.ﬂ.

md.u:]l[IﬂLﬂ]mnatngmﬁmLﬁnmﬂnmﬂ:
tha point oo the carve, whare sansitivity and specificity are
egqually waighted and cormesponds to a DSA walua of B0
MF1. (DSA-I- n=13; DS&-0- n=11).

twa patients had two episodes. Eight patients had AME (44% of
Hupnnmunihmp;rrzm R.Iafpu&nu:l.nfnhidntwanf
thiern were hyperacste and three were chromic. Omly one patient
had an isolated chronic AWM, and in two other patients, chromic
AME was accompanied by acute AME and TME. Fifi=en pa-
tients had acute TR, of which five of them had AME at the
same time. Cmly 7 of 37 patients had a ime-of-tansplant PRA
class | vaboe more than 096 (3%, 7%, 270, 6356, T8, 51%, and
53%; 1, and two-of therm had AME (the patient with 27% PRA, had
hyperacuste AME, and the patient with 70% FRA had acute and
chromic AR and acat= TMEL

EMR and DSA Analysis by SAB

The incidence of AME was significantly higher in pa-
tients with D5A (7 of 20; 350%6) than in patients without [¥SA
(1 of IT; 6%; P'=0.048, Table 2). Thus, in terms of the pre-
dictability of AME, just the presence or absence of 54 mea-
sured by SAB reached a sensitivity of 87.5% and a specificity
of 55.2%. [n owr population, it results in a PPV of 35,08 and

40

a MNPV of 34.1%. TME was not predicted by any humomal sensi-
tHzmtion test. Interestingly, during the frst year

none of the 118 recipients withowt anti-HLA Abs

AME, and the rate of TME waz much lower (Table 21

The RO curve analysis for prediction of AME by SAB
yiekled a significant resalt only for DSA against class [ {DEA-1),
whereas the resalt for DEA against clhss 11 {DSA-11) was not
significant (Fig. 2. Therefore, we evaluated DEA-] separately.
For every patient, only the DSA with the highest M F1 was wsed
to compute sensitivity and specificity. The comulative MF]
values for all DSA-1 or DSA-1 and DSA-11 vieldsd no better
results (datz not shown). Table 3 summarizes sensitivity,
specificity, PFV, and NPV of DEA-1 at different levels in terms
of AMH. If sensitivity and specificity are equally weighted, the
cutofvalue has to be set 21 900 M Fl, 25 revealed by ROC coree
analysis. Further cutoff values are 500 MFI (ie, whether
[38As are present or not) and 5200 MFI, where specificity
reaches 0%

We observed only one AMRE positive for DSA-IT but
negative for DSA-1 This was a chronic AMR combined with
acute AME and Banff [la TME. The patient’s serum con-
tained a donor-specific anti-INE1 Ab (672 MFI). The one
patient with isolated chronic AME revealsd a high-leve anti-
D02 Ab (14,759 MFI) together with an anti-&11 &b (1022
MFI}, both of which were donor-specific.

Three patients had graft loss. One patient [with DSA-11
only and no rejection episode) last his graft after 7 months
becawse of renal vein thrombaosis. The other two patients had
hyperacute AME within 24 hr after reparfusion and had pre-
mmansplant D54 as follows (MFI in bradiets): patient 1 showed
activity against 47 (5795, 424 (0], and B3I (5296} patient 2
against B44 (12791), Al (12651), DRT (12937), DR17 (S828),
amd D32 (2801

Rinary o regression analysis revealsd that the
pmunfﬂﬂﬁﬂ:ﬂndepmdmtrﬂ h:tﬂTﬁT.‘l:{“érbﬂ
not the recipient's age, sex, number of transplnts, and HLA
mismatches [data not shown ).

Luminex Crossmatch

Im a nest step, we compared SAB results with threes dif-
ferent XM methods. The cormelation between several DSA
levels (classes | and 11} and the three genemtions of XMs are
presented in Table 4. Then, the prediction of AMR was deter-
min=d with regards to diferent XMs alone and in combina-
tion with D54 class | (Table 5. Of special interest, thene was
the newly developed XM with Luminex technique (LXM | be-
causs it uses the same bead-based fluorescent technigue sm-
ilar to the SAB assay. The LXM for class [ (LXM-1) achieved
the highest values for both test characteristics and =gnifi-
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TABLE 3. Testcharactanstios for prediction of AME by SAB-dariwed D3R at different strengths (n=3T)

D5 class [ (MFT) Semsithvity (%] Specificity (%) PPV (3] NPV (%] Accaracy (%) P
=500 T3 7B &6 92 Ta Q3
=500 73 51 a7 53 &5 o.ool
=50 50 1060 100 g3 &5 o.ool

AMH, aushody-mediated rejection; SAE, snghe-antgen beads D54, dowor-specific antl-Snman imbocyte anigen aetbody MF, man foomsoene

Intensky: FFY, positive predictive vakees MPY, negaiive predictve vale

TABLE 4. DSA clace YTl lowels and throe gancrations of
croeamaiches in the 3T redpiants with a positive
ECTRGIING aceay and a nagativa T-CXM

DA (MEFT) B-CXM T-FXM B-FXM IXMI1 LXMII
D5&— (n=17) 3Ty 1) {1z) 1{8) =29
DSA =200 (n=20] 4(20p &(30) 110330 7{33) &(30)
DSA =200 (n=071 4(24} (23} 10{39) &{33) &(33)
D54 =5000 (n=8) 4(300 4(30) 7{87] 5{&3) {23

Hiere 54 ciasses | and 01 are givern, In contrast o abdes 3 and 5, whene
only DEA dass | are conskiered. Valkes ane presentad n (k)

354, donor-specific antl-Bnman keokocyic anbgn aetiodys MF, mean
Bnorescence Intensiy T-CX8, T-call complemes -dependieni cybotnaiciy
crogEmanch: B0, B-oel covmplemnie e -depe ndien? Croinnicly crosmancs T-
FM, T ol flow crossamaicts B-FXM, Bl fow coossmaics LXM 1, lnmines:
crosmmaich drdass E XM L Lomises cresmaics for dass (L

camce. Im comtrast, the LXM for class 1T (LXM-I1) was not
predictive for 4B The highest accuracy was achisved by
combimation of LXM-1 and D541 more than or equal 1o 300
MFL Patients with a positive LXM-1 and [¥54-1 more than or
equal to 900 MF] experienced AME with a PPV of 80% by a

test specificity of 6%,

FEM and CET

The FXM achieved no significant tast resulis in our stady.
By trend, the sensitiwity was higher and the specificity was lower
compared with B-CXM [ Table 5). The combination of FXM and
D5A-1 with a cutoff value of 900 MFI wmufburdu‘li‘ni:;g'l.iﬁ-
cance, bt predictabdlity of AME was weak compared with the
other two Xks combined with DSA valoes.

In 7 of 37 patients, the transplant was performed with a
positive B-CXM. Four of these patients DEA-1 or DEA-]
and -II, which l=d to hyperacute AME in two cases and to
chronic AMR in one case. By trend, the B-CXM had a low
sensitivity of 35% but a high specificity of 86%. In combina-
tion with D%A-1 more than or egual to 900 MFI, specificity
and PPV increased to 100% (P=0.007), that is, all three pa-
tients hawing this combination experienced AME, and two of
them experienced hyperacute AME

Grafl Fanction

Themean Crll decineafier | year was 1l mlimin inall
patients, 24 mljmin (P=0.027) in pati=nts with AMR, 13
ml/min in patients with TME, and 7 mL/min in patienis
without any rejection episode. Fatients with [354-1 more than
500 MF had i.l}ﬂ.-l.’-n:hni: of 15 ml/min, patients with
[354-11 more than 500 MFI had a Cnld decline of 12 m1/min,
and patients with [¥54-I more than or equal to %500 MFlhad a
sigmificant stronger Crill decline of 21 mLSmin (F=0.025).
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The three cases with grakt loss because of hyperacute AME
and renal vein thr sis were excluded from CrlZ decline
amalysiz.

DISCUSSION
AME because of preformed DSA & responsible for a
oportion of renal allograft losses and abowe o
{Eﬂ!mnﬂl‘unme r:tv;?;ﬂmﬂantl:f? I8, 29-31).
Thus, in this stody, we analyzed the outcomes of 37 HLA-
sensitized biving donor kidney recipients to define the pre-
dictability of AMR by cell-based assays and by Lumines SPAs
performed with day-of-transplant sera. The main findings
were as follows: (1) pretransplant DSA-1, but not DSA-11, are
predictive for AMR; (2) with increasing strength of DSA-I,
sensitivity is decreasing and specificity is increasing; i3)
LXM-1, but mot LXM-11, provides a higher accuracy than
FXM and B-ZXM (in the context of 2 negative T-CXM), and
the specificity of all XMs is greatly increased in combination
with DA-1 values above a parti cutaff.

We would Eke to stress that thess MF] values are only
valid for LAEScresn Single Antigen assays [Omnelambda)
measured on a LAEScan 100 flow cytometer platform. In the
recent Australian National Association of Testing Authorities
|:_|1.|.=].1|.T assurance program, the performances of SAR assays
were compared labomatories and between the two ven-
dors. There was :guai correlation of the MFI values among
laboratorias 1=ing products from the same vendor. However,
when comparing the test parameters between the bwn wen-
dors, there were im t differences in MFI [ 32). Further-
muore, PPV and NPV are only valid for our HLA-sensitized

population.
In the past 2 years, several studies investigated the prob-
lemn of low-strength pretransplant DSA detected by SAB. The

results are conflicting, In one study of §4 living donor kidney
recipients with 12 DSA-positive patients, no difference in re-
Ecl.'run and graft function was observed (15]. El.zu.etaLHS]
und 1754 not to be redevant for rejection, b lomg-term
graft Gilure in CXM-negative patients. Howsver, AME and
TME were not differentizted, and there was ns accumte in-
formation about DSA levels. Mevertheless, a trend for more
rejections in the DSA-positive group was described [32% vs.
13%). Several authors found that DSA went along with an
increased risk for AME but not for long-term graft fanction
(19, 20, 33), and others found DSA to be relevant for both
AME and graft filure (17, 18, 30, 311, Unfortanately, thers
are no standardized ions. [n most godiss, DSA detec-
tion by SPA was perdormed in the context of 2 negative T- and
B-CHM (18—20) or even a negative T- and B-FXM (33), but
in some studies, a positive B-CXM was accepied (30, 31). In
adidition to 1=, one other group found a positive correlation
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TEBLE 5. Testcharartanstics for predicton of AME by diffcrent XMs along and in combination with DEA clace | =200
MF1 {n=23T per mathod)

Metbod Semsittvity (%) Spectficity (%) PPV i) NPV (%] Acouracy (%) F
LM ] 37 a% 30 -] e oay
LEM 1T 14 St g T4 L] 0324
LXM 1 and [5A =500 57 k) a0 w0 B filest]
T-FXM 33 BS 43 &2 T a3z
B-FXM 63 m 39 ) a5 wiig
T-FXM 63 a3 33 &5 a3 0LTd8
TIR-FEM and D54 =500 30 a% 30 ) 7 LT
B-CEM EL BE 43 -] E Ll
B-CEM and DSA =900 EL 100 104 ) B [iEeary

AMH, anHbody-meditsd
B, B-cofl comepdzment -dependent

Tejection: XM, cresmatchs DEA, donor-specific anti-nman lenknoyte
ity Crossmatis: T-FXM, T-cell fiow crossmaich: B-FIOM, B-ooll Siow crossmatch; 106 1, Lumises crossmate

ansigen antibody: MFL, mean EmorEcena Iniensdty

fior class 1; LXM 1L, Leminex crossmaich for dass [ PPY, pasEiee prediciive vaine: MPY, mogathve predicthes vakee,

between the strength of pretransplant peak D5A and AME so
far. In the study by Lefaucheur et al. {17), including only
day-of-tansplant CXM-negative patients, 35% of patients
with pretransplant DSA experienced AW B, which is similar to
our study. The risk for AMR was significantly increased in

atients with stron itive (semiguantitative] DSEA
Emwdﬂhﬂmuuﬂvmnupakﬁm
difficulty to draw definitive condusions came from the ab-
sence of standardization of the studies with regard to immuo-
nosuppressive therapy and definition of rejection. We believe
thiat cmﬂﬂuﬁumhﬁtzﬂm:whlm
tain degree of relevance of low-strength pretransplant DEA
for AW E and presomably also for grafi failore. Howeser, we
alsn agre= that the CXM remains an invalmble tool in clinical
decision making {34).

With our cohort of HLA —ssneitieed pﬂl:i:rll:,m:nu'l:abk
to establish a dear relationship between day-of-transplant
[5A-1 strength and the v of AME. By ROC curve
analysis, two MF cutofl vahues were defined, which provide
highest accuracy. The DSA-1 cutoff at 900 MFI provides high-
ast pouall m:i.g;h ted seresitiv a.nl:l.:.]:renﬁ: ik, whereas the
cutof at ST.E'I]'I.'.IMFI l=ads to :&ﬁdtr and, therefore, a PPV
of 100%:. We advise special caution for MFI values more than
10,00k both patients in our study having such values have

yperacutely.

B omigght well b that inchysion of B-CXM pasitive pe-
tients in our study and historic B-CXM positive patients in
the study by Lefauchear et al. have a stake in gaining signifi-
cant results. However, even when performing the analysis
without the seven B-CXM positive patients, the resuls of
AME prediction by ID54-1 with more than or squal to 900
MFI were still significant, as were the results of the LXM.

The 7 patients with DSA-11 only and the 11 patienis
with D54-11 or D5A-1 and 11 did not show a higher risk for
AME than patients without DEA-IL. These findings are con-
sistemt with the results reported by Ho et al., (31} where pa-
tients with D5A-11 only showed no increassd AME mate or
decreased graft survival, and by Eng et al., (33) wher= grafi
survival in B-CXM positive patients with [D5A-1 only was sig-
nificantly poorer than in patients with D5A-11 only and in
patients with a negative B-CXM. Other studies reported that
[35A4-1I were correlated with the development of chronic re-
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jection such as transplant glomeralopathy (35-37). Because
of the small number of [¥5A-11-positive patients, the short
follow-up time, and the lack of protocol biopsies, our study
filed to show such an effect. The clinical relevance of DSA-11
may be related to the HLA-locus and expression level of HLA
class II antigens in kidney endothelium, and the latter is in
turn d t from the inflammation status (38, 39). Thuos,
when determining the risk associated with DSA-11, it could be
useful to take into consideration the specificity and strength
of DEA-I1 and the inflimmation status of the patient.

The LXM assay wses “capture beads,” which are coated
with monoclonal Abs targeted against a fragment shared by
almast all HLA antigens. Beads with captured HLA molecales
from lyzed &unmEm incubated with patient serum. Be-
cause XM uses the same technology a= SAR, it could bea
miore relewant XM n:crrnpa.'ra:l with CXM and FXM, when cor-
relation with SAE i performed. Billen et al. (%) demonstrated
the validity of the LXM-I (HLA A, B, and C), but naot for
LXEM-11, becanse most of the HLA-D) and -DF molecoles
were not captared by the LXM beads, as also attested by the
manufacturer. LXM has several advantages compared with
CXM in that (1) no viable domor lymphocytes are necessary
and lysate can be stored at minwes &7 for op to 6 months,
which is i usehul for posttransplant monitoring (2) it
only detects DSA of Igl Botype, so i@ FI'E!'-EI'IE'E]SE—FIﬂFi]B:iHEI'E-
suhts because of imelevant Abs (3] aclear diferentiation between
class [ and 11 is gramamteed; and (4] # may detect Abs against rare
d-url-urHLA:.rnEn,' becus the sensitivity doss not rely on a
bead panel Unlike CXM, LXM also defects noncomplernent-
binding Abs but misses mon- HLA Abs.

Oer study tested for the first time the association be-
tween LXM and AME. We found for LXM-1 a sensitivity of
57% and a specificity of 85%. Hence, the specificity is in the
same range as the B-CXM and T-FXM, but the sensitivity is
higher. In contrast, the LXM-II was not predictive for AME,
similar to that in the studies of Billen = i (9, 160, Until now
FXM was the most sensitive technique, but despite some cen-
ters strongly support a broad use of FX 8 (29}, the complexity
of the test and a persistent debate about the relevance of pos-
itive FXM for graft sorvival has prevented s larger utilization
(40, A7) We did mol 1S pronase in our FXMs, which has been
demonsrated to increase the quality of test resules (470
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therefore, the intenpretation of B-FXM results should bedone
with caution.

A great advancement & achieved by combining the LXM
amd the SAHR results bemme of reduction of fle-positive re-
sults. Patients with a positive LXM-1 and DSA-I more than
or equal bo 300 MFI experienced AMR with a FFY of B0% by
a test specificity of P6%. This is important to avoid inappro-
priate exclosion of patients from t tation. Comsistent
with our results, one recent study showed that 45% of pa-
tients with DSA did not experience clinical or subclinical
AMHE and had no redoced 5-year graft survival (15]), em-
phasizing the dinical importance of a high PPV, Thus,
5A-1 at bow stremgth (=900 MFI) in combination with a
positive LXM-1 or DEA-1 alone at high strength (25200
MF1} are the best pradictors of AMEL

T the strengthe of cur study belong that (1) confound-
ing induction therapies wers distributed sqully in patients
with and withoot AME, althoogh more DSA-positive pa-
tiemts received Ab induction therapy, making our resulis even
stramger [ Table 1) (2} we incloded only living domor kidney
recipients with a short ischemia time, thereby reducing the
possible influence of different inflammation levels on the
HLA expression and therewith the probability of early AMER
(38, 39,43, 440; (3} we examined both classes of DSA sepa-
rately; and (4) we included in the analysis DSA levels in addi-
tion to three diferent XM techniques. However, our study
alsn has shoricomings, because we induded relatively few pa-
tients, who were followed up only for | year, and we only
investigated DSA against HLA-A, -B, -DR, and -D{, but not
against -C and -DP.

In conclusion, we believe that the best prediction of
.iI.M.F. and con function im a T-CXM-negative

‘ﬁm’g‘ﬁ the SAR test alone or by SAR in
Du-'rnl:ﬂl:utlun with LXM or B-CXM. Both the SAB test and the
LXM yield only significant results for anti-HLA dlass 1 Abs.
The decision to tansplant or not should not be based solefy
on a binary XM result, but the dinician should use SPAs,
which provide greater sensitivity for detecting [I5A and a
semiguantitative analysis to enhance the interpretation of
XM results. These tests together with patient’s clinical da
miust be integrated into the decision algorithms for perform-
ing a given transplant or not and for guiding immonosup-
pressive treatment and strategies for desensitization.
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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

>10’000 NO offer
>17000 - <10°000 Negative No contra-indication. Case  Induction with ATG-
by case decision plasmapheresis-
Rituximab
>1000 - <10°000 T positive No transplantation
B negative
>17000- <10°000 T negative No contra-indication. Case  Induction with ATG-
B positive by case decision plasmapheresis-
Rituximab
<1000 YES standard

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
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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)

1st Transplantation (622 patients) 2nd Transplantation (185 patients)
1.3%
1.9%

N/~

3.5%

PRAI >80% [] 50t0 79% ] 5t0 49% [l Oto 4%

PRA: panelreactive antibody = presence of anti-HLA antibody

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-
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HLA class Il 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.

Detection of anti-HLA antibodies by solid-phase assay in Kkidney
transplantation: friend or foe?

Sylvie Ferrari-Lacraz, Jean-Marie Tiercy, Jean Villard®

Transplant Immunology Unit and Swiss National Reference Laboratory for
Histocompatibility (LNRH), Division of Immunology and Allergy, and Division of
Laboratory Medicine, Department of Medicine, Genetics and Laboratory Medicine, Geneva

University Hospital and Medical School
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Abstract

Pre-formed and &le mowo anti-human leukocyte antigen (HLA) antibodies induce
antibody-mediated rejection and are ako involwed in mechanisme leading to chromic
gmft nephropathyy. The detection of ami-HLA& antibodies by solid-phase assay
(SPA) has revolutionized the management of immunized patients before and after
kidney ransplantation. Chamcierized by high sensitivity and specificity. the climcal
relevance of anti-HLA antibodies by SPA has to be clarified. The presence of donor-
specific antibedy at the epitope level, their titer, and the use of different crossmaich
technologies could help to determine which of the anti-HLA antibodies are friends
and which are foes in kidney transplantation. In this review, we summarize the current
stale of the art on this debated topic, and give clinical guidelines for the managerment
of antibody detection pre- and posi-iransplantation, based on these evidences and our
own clinical expertise.
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Solid-organ trareplanmtion (S0T) encounters varioes obsta-
cles of geoetic and immunclogical nabre, eg. ABO hlood
groups, major hisocompatibdlity  complex  [MHChoman
kukocyle antigen {HLA)], and minor histocompatibility anti-
gens. In the majority of cases. ABO.compatible transplan-
tation remains the rule, the main porposs being to prevent
biyprmcuts humoral rejection even thoogh living donor ABC.
incompatible Tansplaniation is possible with accepiable
long-term resuhs {1-3). Although HLA matching betwesn
donor and recipient is associated with improved long-term
gmaft survival. the HL.& bamier & no longer an impediment to
successful SO, thanks to immunosppressive drugs.
Patient exposure to HLA molecules from a genetically unre-
lated individual can lead to the development of anti-HLA
antibodies which cocurs in three sibations Beod tramsfu-
sion, pregnarcy. and previous tmosplintation 4, 5). Anki-
HLA antibodies present before tmnsplantation are referred to
as ‘pre-formed anti-HLA antibodies” and anti-HL& antibodies
arising afler transplantation s “gle movo anti-HLA antibodies™.
In kidney tramsplantation. the presence of pre-forreed anki-
HLA antibodies directed against the donor {donor-specific

&332 John Wiley B Eona &3
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antibedy, DEA) can induce hyperscute mjection of delay
antibedy-mediated rejection (AME) 06, 7). In additon o
AME. anti-HLA antibodies play & crucial rele in the patho-
physiclogy of chronic rejection, leading to graft dysfunc-
tion (5). Por decades, the method of delection based om
complement-dependent  cytobonicity (CDC) was the only
available technology to detect anti-HL A antibody (5, 8), and
it allowed to prevent dismstros hypemcute rejections (&)
Howewer, this assay is peither particularly sensitive nor spe-
cific and the identification of specific antibodies to HLAs
in highly sensitized patients wis therefore a difficult task.
Thanlks to enzyme-linked immuncsccbent assmy (ELISA) and
flow cytomeiry using fuorescent microspherss (Luminex®
technology, Austin, TX), the detection of specific ant-HLA
antibodies by solid-phase assay (3PA) is now more sensitive,
acourate, and quite easy to perform in gandsrdized protocols,
in accordance with the requirements of the laboratory quality
asmaxance system. However, the significance of the presence
and strength of pre-formed or ge nevo anti-HLA antibodies
detected by ZPA & still debaied in terms of their possible
role in ejection, long-erm grft axvival, and with regard o
the most useful therapeutic approach for their elimination. In
this review, we will discuss the role and clinical relevance in



Diebacton of aml-HLA artbcd s by SPA In Hdney iransplamiation

kidney tmnsplaniation of pre-formed and sle movo HLA anti-
bodies detected by SPA. as well as their relevance according
o crossmatch techniques, bassd on the cument state of the art
literature and o own clinical experisnce.

D.g’lﬂ“ amd me ¢ hanls=ms
of antibody-mediztad and humoral rejecton

Endothelial cells expressing MHC class | comstitutively bt
MHC class II in response to infammation are the tar-
gets of ani-HLA antibodies (9-117 These antibodies bave
direct and indirect cytotoxic effects mediated by the mem-
brane attack complex of complemment. This complex atiracs
infammatory celk and activates phagocytosis. The dam-
aged endathelial celk sscrete von Willzbrand factor and the

sxposed bamal membrane induces aggregation and adbesion
of platelets, leading to thrombosis and vascular ecclusion.
Diuring hyperacute rejection. anti-ABC or anti-HLA  anti-
bodies in high concentmiions lead to irreversible ischemic
damage of the transplanted organ. The role of anti-HLA
antibodies in acute and chromc rejedions is a repetitive
‘damage-repair-damage” process characterized by inflamma-
ton and proliferation of both endothelial and smooth muscle
cells. Three factos influence the development of this pro-
cess! (1) concentration of antibodies, (2) mpair capacity of
the tissue, and (%) intensity of the immuncsuppressive therapy
(4. 5 121

The oament criteria for the diagnosis of kidney allograft
rejection medisted by HLA antibodies (AME), esablished
it the Banff Conference in 1957 and reviewed in 2001 and
2007 (13, 14) are the following:

# p biopsy, morphologic evidence of ange tisase dam-
age. mxch as (1) acote mbulir damage, (2) presence of
neutrophiks andéor mononuclear cells in the peritubalar
capillaries andior glomerules andfor capillary thrombo-
gis, of (3) intimal arteritisfbrinoid necrosisfirasmoral
infammation of arieries.

s Immunopathological evidence (mmunobistochemisy)
of antibody effects such as (13 Cdd deposits andfor
(in rars cases) immunogloboline st the baml mem-
branes of the peritabular capillacies or (2) presence of
immunoglobuling and complement in arerial fbrinoid
MECIOES.

» Serological evidence of circuliting antibodies directed
agaimst the donor (DSA) HLAs o against oter
endothelial antigems of the donor.

All three miteria must be met o justfy the diagnosis
of AME. I only two of these criteria are met, the correct
diagnosis is mmpicion of AME.

Methods for detecting antd-HLA andbodias
Itis important 1o determine the repertaire of specific anti-HLA
antibodies befores ransplintation. o= the presesnce of DSA has
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a direct immpact on the management of organ allbmtion. In
addition, the development of DEA after tansplantation should
prompt modification of the immunosippressive treatment. An
owrview of the current techniques in use follows (for further
details refer to the revies by Tait et al. (157

# CDC asmy: Historically, the first method for detecting
anti-HLA antibodies was the CDC sssay. It consists of
testing the serum of the recipient for specific antibodies
to lymphocytes. If antibodies are present, the classical
cornplement pathway is activated, resulting in the lysis
of donor cells by the membrape attack complex. A
panel of 3070 represeniative cells expressing common
HLAs observed in the local populadion of potential
doniors are ussd as farget cells. The percentage of welk
{containing individual target cells) showing a postive
reaction determines the percentage of “panel-reactive
antibody® (PRLAL This method can ako be applied to
determine specificity of HLA alloantibodies (2. anti-
HLA-AZYL The advantage of the COEC asmay is that
it shows complement-fixing antibodies (e cyloboxic
antibedies), bt it is not specific for the donor’s HLA,
as other antibesdies o non-HLA& lymphocyte anti gems or
anta-antibodizs can also bind to complement and induce
2 positive reaction.

EPAs were developed thanks to purification of HLAs from
tramsfected cells and their binding to differant supports:

# ELISA: Specific HLAs immobilized on a plastic sirface
are incubated with the serum of the patient. Anti-HLA
antibodies are showed after addition of an enzyme-
linked anti-buman gl antibody direcied against the Pe
fragment of the antibodies. The amoont of antibody
i determined by spectrophotometry using substrate-
converling enzymes (L&)

* Fluorescent microspherss I::H.WPR.&E' or Lurmninex,
Ome Lambda, CAY Specific HLAs immobilized on
fAuorescent microspheres are incubated with the serum
of the patient. Anti-HLA antibody binding is showed
by a second Buorescent anti-human IgG detected by
flow cytometry (PACE). Using specific microspherss
that maich the differemt HLAs, the repericire of anti-
HLA antibodies of a given serurm can be assessed with
great accuracy (17, 18} (Figure L&)

The strength or the tiler of an anti-HLA antibody can be
determinad through the mean Auorescence intensity (MFIL) (oo
the absolute molecular equivalent of Buorescence imensity,
mite accurat: but maore complicated to et up) (Figure 1R}

# Cmossmaiching methods: in addition to SPA. cross-
matching methods continue to be vseful in the detection
of harmful DEA. As suggested by Taylor et al. {150, this
allows differentiation between high and inbermediate

levels of immunological risk. From the CDfC cross-
match developed 50 wears ago (200 — still consdered

8301 1 John Wiley & Eona &'5
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ard amihuman FE-compagabed 196 s finally added for evalaian [25]. HLA, human leuksorie antgen; MA, mean fuomsoencs inbensky.

the “gold standard” by most ceniers — technology has
evolved to crossmaich by Aow cytomeny (FACS ooss-
match), which is more sensitive but oot specific for
HLAs (21, 22). More mecently, the SPA crossmatch
{Lumninex crossmaich) has provided imeresting infor-
mation (23-34). In this latter approadh, donor cells ar
salubilized toextract cell membranes that express HL A,
which are then caphred by beads specific for anti-HLA
clasz [ or class I1. The s=rum of the patient contmning
DSA binds to the cell membranes and the positive eac-
tion is showed by a secondary anti-human-PE antibody
iFigurz 1C). This methcd has the sdvantage of invoh:-
ing simmlar dechnologies to that of SPA used for the
detection and identification of anti-HLA antibody, but
its clinical relevance needs to be assessed.

As these highly specific technologies are also wery sznsi-
tive, the clinical relevance of anti-HLA antibodies with low
and even with interrmediste or high MF] & a matier of inenss
debaie in the ramplanmiion community (27, 22 The poes-
ence of mach anti-HLA antibodies conld resul in denying a

81112 JohrWiley & Sone A
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transplant to a patient on the basis of DEA that are clini-
cally mot relevant or, after iransplanmtion, in overireating 4
racipient who dewlops DEA.

Donor-spaciiic and non-donor-spechllc ant-HLA
At beoed bes:

Domor-gpecific and mon-donor-specific ani-HLA  antibody
(DA and MDSA, respectively) are critical when corsidering
clinical relevance of ami-HLA antibodies. TSA are deleie-
rics while NDSA should not be. However, the stuation is
complicaied by the fact that the high polymorphism of the
MHC systern is also characterized by sharing of epitopes
beriween alleles noi only of the same locns but also of diffenent
lozi (290 Humoral sensitization is genemlly associated with
anti-HLA antibedies specific for epitopes rather than antigens.
A distinction beteeen HL A epitopes and antigens is important
for a beter understanding of the humoml immune responss
to the sensitizing HLA mismatch, and even more immpor-
tantly also for the determination of mismaich accepbility
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of sensitized recipients. Epitopes mn ke defined as the physi-
cal area of an antigenic molscule that an antibedy binds to in
a specific way. In the case of proteins, epitopes are defined by
the tertiary conformation of amino acid ssquences. This means
that the primary sequence of amino acids. i.e. the consscutive
linear ®quence of amine acids in the primary stnactures of a
protein, does not necessarily define an epitope. Amino acids
disiant from each other in the primary smachare can be closs
in the tertiary strocture and may define amino acid epitopsss.
HLA epitopes can be struchrally defined by HLAMaTom-
saxer, an algorithm thai considers eplets as critical elemenis
of epitopes moognized by alloantibodies (300, An eplet rep-
resznis a palch of amino acid residuezs within a mdie of
about 3 A from a polymorphic residue on the HLA molec-
ular mxface (hope foow HLAMaichmaker pet). The concept
of epitope maiching should be comidered when classifying a
given anti-HLA antibody as DA or MDSA. because antibod-
ies MDEA ab the antigen level can be [ A at the epitope lew].
The: clinical relevance of the HLAMamonmaon approach i
by now well astablished and should be used in clinical prac-
tice, as it allows opimiration of organ allocation based on
a functional algorithm. In this context, an imporiant asset &
represented by SPA which allows for the detection of a wide
range of anti-HL A& antibodies with high sendtivity, even in
mse of exposure to a limited number of HLAs (31, 32

A gecond element that shoold be mken into considemtion
iz the difference between the antigenicity of epitopes (ie.
the reactivity with anti-HLA antibody) and the immunegenic-
ity of epitopes (ie. the mpacily of inducing anti-HLA anti-
bodyh. Beter charackerzation and underganding of spitops
immunogenicity will be critical for designing new sirakgies
to define permissible msmaiches for sermsitzed and non-

Of mote, false-positive reailis are also a matker of concern,
mainly due to tee partial denmluration of antigens coating
some beads and that moght be recognized by natural non-HL A
antibodies (335

Clinkzal relevance of pra-fommmad andl-HLA&
antiodles detacted iy SPA
antibodies may be prevenied by selecting a donor with a
negative CDC crossmat ch. Due to the high sensitivity of SPA,
anti-HL A antibedies detected by this technique often fail to
ke associated with a postive pre-trarsplant CIeC crossmatch,
but conld mevertheless conmmibuie 0 AME and long-term
complications. A& beiter understanding of the clinical relevance
of pre-formed [8A is warranied to improve the criteria for
kidney allocation. S=veral recent siudies have addressed this
Gibmey et al. (34) has compared rerospectively the reails
of anti-HLA antibody detection by CC-PRA and by SPA
(Luminex] in kidney rarsplant patients with negative CTC

ERE-]
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crossmatch. The swdy consisted of 1% patenis with 55
patients pressmting a CDAC-PRA =15%, of whom 20 had
[EA. At & monihs after transplantation, kidvey dysfunction
was manifest in 1330 (808 of PRATDSAT patients, as
compared to 935 (265 of the PEAT/DSA™ patents. Thus,
two mibgroups were desaibed one of highaisk patients
(PRA™MDSA™ ) with a 25% mbe of acule mjection and one of
low-risk patients (PRLAT/DISA™) whose rake of anie rejection
was as low s 3%, with very good graft survival at & montte
{Table 1h.

The clinical relevance of DEA deteded by SPA his also
been analyzed in subclinical AME (SAMR) Loupy et al. (35)
asmrgmed SAME in a cohort of 54 DEA-peeitive kidney trans-
plant recipienis from a deceased domor without pre-ransplan
degrmsitiration irearment. SAME & a frequent finding in
patients with pre-formed DEA. This saady showed that in
addition to DEA, C4d deposition and typical histdlogy are
associaed with poor clinical outcome. In this groop, MHC
clss 11 DSA with high MFI has the worst outcome. This
study highlights the imponance to correlate DEA and histal-
ogy smhs (35)

Amico et al. (%) analyzed the longderm sxvival of grafis
and patients in a cchat of 67 with preformed DEA. The
saliznt ohservation was that 3767 patients with DSA detecied
by Luminex at the time of iransplantation experenced clini-
calSAME (DSAT AME™ ) with 20% lower death-censored
allograft mxvival at 5 years post-ramsplanmiion. Howewer,
the remaining 3V&T patients with DEA were free from AME
(D8AT AMR™] and allogmft sxvival mte was equal to that
of patents without [EA. Inverestingly. neither the mumber
of DEA. HLA-classes (HLA<lass | vs HLA-class IT), and
MFI nor the s=nsitizing evenis proved predictive for AME.
These remlis myggest that almost 50% of DSA as defined
by SPA are clinically irrelevant and do oot lead to AME,
emphasizing the difficulty of predicting their impact on graft
survival (36]).

In conmast to the above siudy, Lefauchear et al. {37) found
4 correlation beteeen the risk of AME and graft loss with
peak DEA tier (METL This study analyzed 402 kidney trans-
plant patients and forused on 118 patients with DEA. They
found that S-year graft sirvival wos Sgnificant]y worse (619
among patienis with preexisting DSA o high BEI {3000
compared with sensitized patients without DSA (9 %5) o with
non-sengtired patienis (84%). The prak HLA.DSA Luminex
MFI (D5 A-MET) prediced AME beter than DSA-MFI in the
cuxrent {at tansplant) serum sample. The peak DEA-MET v
invesely correlated with gmft survival and direcily oorre-
laled with the nisk of AME. Patients with MFI 3000 had
a mare than 100fald higher risk of AME than patients with
MFI =445,

Aubert et al. (38) analyzed a cobort of 113 patents of
whom 117113 (11%) had DEA. and reported that DEA with
MFI below 2000 was not asociated with shori-term rejection
events (cellulr and hum<eal).
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Thess sindies maggest that DS A detected by SPA alone are
not safficient to predict the risk of clinical ewnts bat that
DEA with lew MFI and these not correlated with positive
CLeC-PRA, positive COC crossmaich, or FACS crossmatch
could have a limited effect on grft survival in pressnce of

Recenily, we assessed the prognostic value of pretmnsplant
DEA detected by Luminex in asscciation with crossmatch
tests (26 Three geperations of crossmatch tests wepe per-
formed on 37 living donor kidoey recipients that tesied pos-
itive according to the ant-HLA antibody screening msay
(20 patients DSAT), but negative for Tcell CDC cross-
match. In 100 of [8A-positive patiens — with MFI above
5000 — AME occurred in the fist year of tramsplantation.
When the B-cell CTAC crossmatch and. more importanty, the
Luminex crossmatch for class 1 were positive, the prediction
of AME was associated with LS4 at lower MET (=900 MFI).
Three patients with high levels of DA (WFL = 10, 000 had
major of irreversible AME in the wesks fallowing transplanta-
tiom. Therefore, for sensitized recipients with & T-cell-negative
DT cromsmmatch. the most reliabls prediction for AME and
conecutive graft function & prowided sither by DS A-class 1
alone at high srength or by DEAclass [ st low sirength added
o & positive Luminex or COC crossmatch.

Zachary et al. (39) have ako reviewed the correlation
between DSA defined by SPA and crossmatches. They showed
that high MFI threshold walues for DS A correlate with positive
PACS (MF] = S0 and CDC crossmatches (MEPL 2= 10, 0007,
but the siudy did not establish a correlation with the clinical
OUDCOETEE .

In a large cohort of recipients with D3A determined by
sngl antigen beads (Luminexl. Gloor et al. (40) msessed
the risk of AME in recipients with positiee (119189 or
negative (TIV1EY) crossmatch, in correlation with MFL In
this study, oo genemtion of gossmatches, CDC and FACS,
with teo different chanpel shifts were peformed. The lew] of
DEA defived by MFI was compared to a positive AHG-CTHC
aossmatch, toa positive PACS crossmatch with channe] shift
=¥ or « 300, and to a negative crossmatch. The authors
chserved a significant comelation between DSA levels and
senativity of the various crossmatches, OFf note, svery patient
with a high lew] of DSA (MFL = 10,000} had a postive
AHGLDC crossmatch.

Tagether. thess siudizs suggest that pre-formed DS A at high
lewels (MFL = 10, 0600 shoold be comsidersd a contmindica-
tion to tramsplantation. DEA with low MET (= 1000 or 2000
are unlikely to have a deleterious effect on the graft (at last in
the short term). For DEA with MPI betoeen 2000 and 10,000,
additional resulis of FACS crossmatch andfor Luminex cross-
maich conld help to comsolidate 3 reasonable prediction
of gmft rejection evenis after transplantation. Table 1 sum-
marizes the most relevant siudies on pre-formed anti-HLA
antibody analyse by SPA with regard to AME and grafi
aurvival.
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Clinical relevance of de mrove ant-HLA
antlodias arising post-transplantathon

The development of anti-HLA antibodies after kidoey trans-
plantation, a5 consequence of an immune respomse bo alle-
HLAs, can be chserwed in 105%-505: of the recipients (41,
42). The comsiderable wariation in the reported percentages of
this event is mainly duve to different senstivity of the meth-
ods wsed to detect anti-HLA& antibodies (41, 4Z). According
to previous work (30 the incidence of anti-HLA antibosd-
i=s developing in patients & months after ransplintation i
moughly the sime as after 10 years. In a prospective shady,
Teramaki =t al. (43) asmessed the amwvival of kidney grafts
from living and deceased donors based on the pressnce o
absence of anti-HLA antibodies. Anti-HLA antibodies were
determmined by CDC or SPA before transplantation and &, 12,
and 24 months post-tmnsplantation. OF the 2231 patienis ana-
lyzed, 478 (214%) were positive for andi-HLA antibodies
1 year post-transplantation. Of thess, 6.2% underwent graft
failure, in conmast to only 2.8% patents without ant-HLA
antibodies (P o« 0010 Tevo years afier trarsplantation, grafi
lees cccurred in 15.1%% of the patients with anti-HLA anti-
bodies, whereas in recipients without anti-HL A antibodies the
perceniage was as ow as 6.8% (P « 0.02). When the authors
compared the patients who produced ant-HLA antibodies gle
ame afier tmosplantation (233 patients) with thoese who had
mever developed anti-HLA& antibodies (1331 patients). the rakes
of graft failure were 16.7% and 655 (F = 001}, regpectively
(Table Z). This sady clearly poinis ot that e development
of de movo anti-HLA antibodies increases the risk of graft
failure (43}, However, if these data are stratified according to
the methods of anti-HLA antibody detection (CTC vs SPA),
the predictive: value of CDC for graft failure »as higher than
that of SPA.

A second sudy (44) consisted of T2 patienis who had
mecedved their Gt kidney transplant from deceassd donors.
These T2 patients iested negative for anti-HLA antibodies by
CDC and SPA before transplantation. All of them had under-
gone tripls immunoaappressi ve therapy and were followed for
af least 4 years. Simteen of the 72 patients (22.2%) became
postive for anti-HLA antibodies after tmnsplantation, and in
12 of thess 16 (75%) the detectad antibodies were DEA. Ten
of the 12 had scute or dhronic rejection.

A statistically sgnificant correlibion was established ke
taeen the appearance of anti-HLA antibodies and delawed
graft function, acule rejection, chronic rejeoction, and graft loss
due to immunological canses (44 ). Patients with high tiems of
de move anti-HL A antibodizs sxperienced more severs acube
rejection and early graft loss, whereas those with lower titers
‘tended to dewelop chronic rejection. This suggesis that tiration
and momitoring of alloantibodies could be useful in evaluating
the rik of rejection (44).

Lachmann et al. (45) showed that in a cobort of 1014
kidney ramsplant recipienis from deceased donoes, monitoeed
in a crees-sectional manner for the development of anki-HLA

8531 7 John Wikey & Eona '3
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antibodies using 3P4 (Luminex ), 29% of the recipients tested
positive. DEAs were found in 319% of thess antibody-peeitie
patients (%% of the 1014 patientsi The pressnce of DEA
was associated with a significantly lower graft smvival of
49% compared o 83% in the anbi-HLA antibody-negatie
subjects. Interestingly. at late stage of graft failore (low GFR)L
the presence of anti-HLA antibody without donor specificity
(MDSA) also had an advemss sffect on graft sirvival (T8
similar to DEA. Concomitant DSA absorbed by the graft
or NDEA relaed to mimmatched can be explained by this
intriguing finding. Shared epitope amalysis wae not performed
in this sudy.

In a prespective 5-year longitudinal analyss of 54 patients
without anti-HLA antbedies. gmft survival was B6% as
opposed to 145 in patients who developed de movo anti-HLA
antibodies in the 5 years after the fimst testing (F = 0L05)
Interestingly. those with ant-HLA antibodies not direced
against the denor (MDEA) also had an impaired graft survival
{(5%% No information & to antibody tiler was provided by
the auibwrs (464

In summay. the pressnce of de mowo DEA is clearly
deleterious to the graft. It lkeads to AME andfor contributes
to chronic graft nephropathy that in barn edoces long-term
gmft mrvival. The development of DSA de movo could be
viewed as a condition of irsufficient immunosuppression
and we therefore believe that any redoction in the dospge
of immuncaippressant should be followed by the repeated
determination of anti-HLA antibody in the subssquent weeks.
Table 2 summarizes the most relevant siudies on g move anti-
HLA antibody analyss by SPA with regard to AME. and graft
survival.

Management of DEA before and afvar
Hran3p kantat bemn

The management of patienis with anti-HLA antibodies
requires a mulidieciplinay appreach imvolving close collab-
omtion between HLA laboratory and clinicians.

Bafare tmnsplantation, careful evaluation of the anti-HLA
antibody repertoiee with SPA is strongly recommended. Due
to coat-sfecivensss comiderations, anti-HLA deterrmnation
by EPA chould be repeated once a year, emcept in the
cae of an immunizaiion swnt Indead, the relevance of the
‘natuwal” Auctuation of anti-HLA levels (MFI) is not known.
Wirtml PRA for calculaied PRA) and virtwal crossmaich
approaches (47, 48) or the acceptable mismaich sysiem (49)
will b more and more based on anti-HLA antibodies deteced
by SPA omly. Thersfore, there is a risk that transplant
candidates with anti-HLA antibodies based on DEA identifid
by SPA ooly could be discriminaied in that they are demied
a iransplant.

The combination of DEA detected by 3PA and cressmatch
{by FACS and Luminex) with high sendtivity seems o be
an imeresting option. Basy 1o implement in living donor

& 1012 John Wiy & Sone A%
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tmnsplantation, whers it can be part of the patientdonor
evaluation before trarsplantation, it would probably be mone
difficult in cases of deceased donor trarsplants. especially for
the HLA bbombory, which should be able to perform FACS
andfor Luminex aossmatches on 4 24-h bags.

Schemes of risk wsesavent according to the pressnce of
testmeen laboratory and clinicians and could also be of great
imerest to develop a consenme between laboratories from
different conters {157,

Fgurs 2 illusrates the current sirategy in our instinition
to stratify the risk of AME with regard to the different
technologies of anti-HLA antibody detection. We recommend
thai the determination of anti-HLA antibody should be carried
ot by CIC and 5PA before iramsplantation. The CDC
crossmatch remains the gold sandard bot the FACS and the
Luminex crossmatch should be performed whenever possible.
In living donation, FACE and Luminex crossmatches can be
emsily implemented before iransplaniation to assess the risk
of AMRE and early graft loss. Por cadaveric donation, FACE
and Luminex crossmatch are not performed on a routine basis
before trarsplantation since it can be carried out in the next
M_48h.

The decision to tronsplantation will be taken acconding
to this rigk, knowing that in presence of DA, a CDC-
positive Tocell cressmatch T remairs an absclule counter-
indication to transplantation. The other options leave space
for dessnsilization protocaols in szlected mses but in principle
a positive FACS crossmatch and high MEPI (2= 10,0000 DSA are
also comsidered a counter-indication to transplantation. Further
sudies with regard o the relevance of D8 A& by SPA will fine-

Befors mansplintation. the pressnce of anti-HLA& should
ke extersively sidied by both CDC and SPA methods
{Figuee JAL

After wansplanttion, the development of ant-HLA anti-
by by EPA {or CIC) should be carefully followed and lead
to early kidoey hiopsy (Figure 3B% Such a gmiegy neads to
b validated by prospective shadies.

To emsure scoessfil tmosplantation, several approaches
of desemmitization (50 to emove anti-HLA antibodies have
been reported on a limited number of patients with sgnif-
icant mcoess in erms of short- and longterm graft sur-
vival 6 51, 52). The long-term graft sarvival remmns to be
determined but the main deficiencies of such approaches are
due to the limited mumber of contrel sodies. However, we
telieve that such approaches should be intended for patients
with very limited chances of receiving a tramsplant without
DEA, ie. those with lirge numbers of anti-HLA antibedies
{Figure 3.

Acute AME requires rapid lowering of circulating DSA
by plasmapheresis in addition to the standad treatment con-
siging of siercids, anti-thymeglobuling and ang-CD20 ant-
bty (53-56) (Figure 3B% Howewer, despile the reversal
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Figura 3 Cinicd stmiegles wooording 10 tha pedent andhuman

Iwbrofis antigen [HLA) antbody simius beiom or ot iereplanaiion.
Posabin HLA aniibedy ieming resuks iwhii bowss) and rasufiing dinical
sirabegins |pray boves| belora imnsplanimion (8. Afier irareplankaiion,
dirical srategios igray bovas| oher deiesion of de oo and-HLA
aniibodies shoukd b based on bispsy resuks (whis boas| (&

of acute remal dysfunction this reatment dees not deplee

antibody-secreting plaisma cell in spleen and bone mar-
row, and circulating DSA commonly remains detectable

83312 JohrWiley & Sone A5
Frres fnfgens, 1AL T, 2108

57

Cateciion of antHHLA antibodies by EPA In kidney fransplanmetlon

in peripheml blocd. DEA induce microvascular endothelial
lesions that can lead to chromic AME. Long-term exposure to
anti-HLA antibodizsis ko @msocisted with shoriened allograft
sarvival and tansplant glomerulopathy, esen in the absznce
of documented acute AME. Although effective reaiment is
available for acute AMEL allogmfis remain at risk for chromic
AME and shortened survival (570

Commeclus bom

Hew methods for detecting anti-HLA antibodies such as P4
movide & valmble tool in anticipating AME or grft dys-
function before transplantation. These methods have proved a
‘friend” to physicians in charge of immunized patienis before
and after transplantation. RBesults of anti-HLA& antibody detec-
tion by SPA should be imegraied imto the global decision
of organ allscation, ersuring both short- and long-term. ben-
efits to the seleced recipient. We also believe that befone
trmnsplantation. CTC crossmatch should remain mandavory
for patients with anti-HLA antibodies. FACS aoesmaich or
the new SPA croesmatch method (Luminex crossmatch) may
alsa be an excellent means of improving the decision algo-
rithm and shonld ke iraplementzd in HLA laboratories. Mo
gudies e necessary to optimize SPA reamilis for ant-HLA&
antibody tilers, such as their predictive value (semsitivity and
gpeecificity) for the rigk of AME. as well a5 short- and long-
term graft axvival. & better interpretation of thess SPA remalis
wotlld increase the values of this technique. itz widespread
vz, and the remalting benafiis for the patiens.
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Conclusion

Quantify patient at risk according to cross match (XM):

T T T

positive positive positive

negative positive positive NO

negative negative positive YES if MFI=5°000
negative positive negative YES

negative negative negative YES

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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Low Risk of Anti-Human Leukocyte Antigen Antibody
Sensitization After Combined Kidney and Islet
Transplantation
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senditzation. The withdrawal of the Immunoasppressive therapy becanss of the progresive nonfunction of the skt
conld explain the high rte of sensiitration. Becauseithe risk of imemunization of multiple 1sdet infizdons remalns
unknown, we shadled the immanization rate In our cohort of muaitiple it iInfusions tansplant reciplents. De now
anti-HILA antibodies were analyzed In 37 patlents after Isldsalone (n=2E], Isld-after-kidney (n=121, and simualtaneous
tslet-kidney (n=1&) tramsplantation by solid phase :.-np over time. The rate of Immunbation was 10.6% that s
comparable with the risk of Imemunization after kidney o alone. Muliple islet Infosioss do not represemt
a specific rsk for the developeent of amtl- [-IL.'u.ulH:rudJu combined kidmey-islets tramsplantation.
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slet of Langerhans transphntation is emerging as a prom-

ising therapy for type 1 diabetes mellitus. The procedure
cn be performed as a simultanemes islet-kidney 151K or a
sequential islet-after- kidney (IAK ) transplant in cases of end-
stage dizbetic nephropathy (1, 2}, or as an islet transplant
alone (ITA) procedure for the treatment of brittle di
[3). Thanks to improvements in the islet isohtion and rans-
plantation procedures and in the refinement of mmumnosusp-
pressive protocols, transplantation of islets alone or combined
to kidney leads to asignificant improvement of glycemic con-
trol, to a reduction in insalin requirements, and even to long-
term insalin independence in some patients. Although this
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procedure is safe in experimented centers more than one do-
mor is usnally required to achieve metabolic success, exposing
patients to multple allogenic buman lewkocyte antigens (HLA)
and therefore to the risk of senditization (4). Indeed, two re-
cent stodies reported a higher risk of anti- HLA sensitization
in ITA recipients [ 5, £). However, the high frequency of anti-
HLA antibody development reported in both studies is ob-
served mostly as a comsequence of immunosuppression
withdrawal in patients who experience loss of p]i'i:t graft
function (5, ). Therefore, as the spacific risk of anti-HLA
sensitization after muliple donor islet infusions remains
unknown, we analyzed our cohort of islet transplant recip-
ients, which includes 2 majority of combined kidney and
islet transplants.

Herein, we present the results on the risk of immuniza-
tion in 37 islet-transplanted patients who were tested negative
for the presence of anti-HLA class | and dass 11 antibodies
befare the first islet infusion by complement dependent cyto-
toxicity (CDC) and ELISA. Sixbeen patients recrived an SIK,
13 patients an 1A, and & patients an ITA. The first 16 patients
received immunosuppression based on cyclosporine, myco-
phenclate mofetil or azathioprine and prednizone, and the
last 21 patients received a steroid-free *Edmonton regimen”
based om sirolimos and taorolimus (7). All patients were
transplanted with a negative CDC crossmatch. Sera of the
patients were :n:]vr.ﬂ:ﬁ'nr the presence of anti-HLA class |
and class 11 antibodies by solid phase assays ELISA (One
Lambda), and all p-um'eruﬂu were tested for anti-HLA
class | and class 11 specific antihodies by Luminex single anti-
gen (Ome Lambda).
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We analyzed 37 transplntations in 34 patients who
represents a todal of 5% iset cell infusions. The mean quanticy
of idets infused was 385 850+ 121,839 islet equivalents. Three
patients received a second islet transplant more than 3 years
after a first infusion and a complete loss of islet graft function
(C-peptide negative], and were considered as newly trans-
planted patients. Patient characteristics are shown in Table 1.
Patient serums were tested at 3 months, & months, | year after
transplantation, and yearly thereafter. Four of 37 patients
(10.8%) developed anti-HLA antibodies after transplinta-
tione | of 16 patients in the SIK group (5%, 2 of 13 patientsin
the IAK group (13%), and 1 of B patients of the [TA4 (12.5%).
Two patients developed anti-HLA anti at 17 months,
ame at 24 months, and the last at 36 months. Sensitization
never appeared earkier after the islet transplantation. In all
four cases, the islets had class | and dass 1T mismatches with
respects i the patients and the kidney HLA typing.

Donor-specific antibodies directed against HLA anti-
gens of the islets were detected in only two of the fouwr sensi-
tized patients by Lumines; patient 2 [ITA] and patient 3 (TAK;
Tahle 2). Anti-HLA antibodies developed by patient 3 wha
received the islets after a kidney rransplantation, were islet-

ific on oee devel ent 4 [SIK) were
nl?ﬁbn Htel{!d:nﬂ only mdnpfm?ﬁduph patient 1 [Fﬁ]
were related 1o blood transfusions [Table 7). Serum of pa-
tients 2 and 3 only were also positive by CINC-PRA (209 and
255 PRA, respectively).

TABLE 1. Daecriptive saxbstos
Factar Nim)

Mo. patiens 37
Age (mnge] 49 (2964
Cemder

Mal- 22 {59%)

Femals 15 {41%]
T iImemunosppression 3
Typeof Tx

SIK 16 {43%]

1AE 13 {35%)

ITA B {21%]
Smtvantibodies

Aol 1slets® W30 (=220 U D)

Aptt-GAD® (range) /26 {05670 UimL)

Antl-Insudin® (range) 324 {0-8.5%)
HNb of Islet Infisslons mean (range] L7 {1-3}
ME of IECHinfizgon {mean+ S0 385,859 = 121 B39
Repection® (%) 9 (31%])
Insaltn tndependence” I7 {45%]
Fasiieg C-pepiide {pmoliL] 588 {1.2-2317)

= Amit ddets (I, Ll |05], posithve ressits on 30 pasents.

b CAD (Els, UfmL), posive remks om 3 patients.

* #nt-Inseiing AL, % of resilis om T4 patients.

4 b of Kidney eplsodes [on 14 51K and 13 LAK patienis).

ney umspil'rl.tlnrr- ITA, Bt n'l'q:-u:rl:::l.m dlong: 1EC), Iu: ar,u'nlml
nomber.
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TERLE 2. Dewalopmant of iclet da cific antibady
{]:E.H..:l-u:ﬂnrh:utphn:;m e

Typeof D54 antl-class | D5A anid-class 11
lamimex

Patent  trams by hamimex by

1 T4 — —

. ITA — DRLL 4, 13, 14,

DH)E. 6

E IAK H3s, Hae —

4 SIK — —

= Fatonis wao developed ant-HLA anibodies afer withdrawal of B
mmumcsppres

thezapy.
LAK, lsict after Eldney tramsplantzton: ITA, ket tansplantatios aloees
SIE, S=nkaneons et and kKidney Sansplaniztion

Twa patients were off immunosuppression and the two
uthers received a steroid-free *Edmonton regimen”™ when de
nove antibodies were detectsd. Patient | was still insulin in-
d t 4 years after the tr antation. Mone of the thres

patients reached a state of nsalin in

The frequency of anb-HLA anbbodies detected after
kidrey transplantation is extremely variable (5] buat our study
showed that the rate of sensitization [ 10.8%) after islet trans-
plantation is smilar to the rate of sensitimtion after kidney
transplantation alone tested with a similar approach (%), Owur
results contrast with a recent report of a large cohort of TTA
that hzs shown a rate of 34% sensitization. In this stady, a
large number of the sensitized patients developed anti-HLA
antibodies after withdmawal or reduction of immumosuppres-
siom [ 5). The rate of sensitization wuermhigh-u:in: secomad
ﬂﬂ:lthu shown 1]:u:dﬂ:1-uprnu11. of domar an-

ies in 75% of ITA recpients after discontimmtion of
immunosappressson (5L In oor study, three p.u:mt': were
progressively withdrawn from the immunosup
apy and pwo of them developed anti- ]-[Lha.m: ies. F_15|'|t
patients received two to three idet infusions alone (group
ITAl, and two of them [20%) devel oped anti-HLA ansbodies.

The devedopment of de nove anti-HLA antibodies is
azzociabed with humoeal rejection ard worze long-term fi
survival in renal transplantation (8} and @n also preclode
farther kidney transplantation. Several mechanisms can ex-
Er.'l:n the loss of islet function incloding bumonl rejection,

t a direct role of preformed or de novo anti-HLA antibod-
ies on the islet function in not known and s difficult to assess.
[slet graft loss coincidental to development of donor-specific
anti-HLA& anttbodies has been reported only once to our
knawledge (10). De novo development of anti-HLA antibod-
ies are harmful to the transplanted kidney (11, 12}, but pre.
formed anti- HLA antthodies detected by sensitive technology
are also associated with a2 reduced graft survival :.Elu'l:ldrlq
[13) and islet (14) transplantation. In addition, the reexposi-
tion o mismatched HLA ts a significant risk factor
for grafi loss in kidney transplantation (5], Our data suggest
that multiple infusions of islets with multiple HLA mismatch
do not increase the risk of sensitization. We can speculate that
islet transplants may have a certain degree of protection in the
liwer that is considered to be an immuone-privileged site (16)
ar alternatively that islets may be less immunogenic in this
enviranment. Indeed in vitro cellular assay suggested that the
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T-cell reactivity is low or absent in response to HLA isles
allograft mismatches after islets transplantation in the liver
(17). Although the short-term success of ITA is good, only
Iﬂﬂ'-nfmtplumls are still insulin free by 5 years | 74], and
essive reduction of the immunosuppression ssems
ﬂm:Flh:ninth:mun pn:l:rl:mahcij
tion. The Stuation in SIK and 1AK is dif-
[Euﬂ.ﬂmﬁul:l:ha.nlmlﬁnm:m
maintained for the kidney. In addition, mm
eterious role of anti-H LA antibodies for the renal allograft,
immunological testing, and modification of theimmunosup-
pressive therapy are performed on a roatine basis after Kdney
ion. We may have i underestimated the
rate of sensitization by using EL1SA is less sensitive for
lovw bevels of anti-HLA antibodies compared with the Lumi-
nex or with the flowPEA methods (18], In addition we cannot
exclede the presence of undetectable anbi- HLA antibodies
in the ted kidney bat the high sensitiviey of
salid phase assay makes this hypothesis b= (2. Fi-
nally, by ELISA or Lumines, only anti-HLA antibodies of Igs
ﬁ’pﬂ,mrﬂdﬂﬂimﬁr I'.11egn.ﬁ., are detected,
not IgM isotypes that have been shawn to be detectable
afber islet transplantation (217,

In condusion, our data suggest that the addition of is-
lets does not represent a risk factor for the development of
anti- HLA antibodies when combined with
tation. Our results should be confirmed mk;hthgu'nm
patients but in the efficacy of islet isolation and
strategies to decrease cell loss should continue to be made, to
reduce the number of infusions, as multiple transplantation
of any tissae or organ-HLA incompatible with the recipients
remnain a risk Bctor for anti-HLA immunization.
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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 Kkidney
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 Il 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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VI1I. 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)

2)

3)

4)

5)

6)

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.

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).

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.
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.

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].

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 | (HLA-A and —B) [132] and to HLA class Il
(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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