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Summary

The introduction of new sensitive assays for the detection of HLA antibodies

on basis of their binding to isolated HLA molecules has got an enormous
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Introduction

For many years, there was no doubt on the relevance of
donor specific HLA antibodies (DSA) present in the
serum of renal transplant recipients before transplanta-
tion. Antibodies, leading to a positive complement-depen-
dent cytotoxicity (CDC) crossmatch, were associated with
hyperacute or accelerated acute graft rejection [1,2]. The
introduction of a serological crossmatch pre transplanta-
tion using this CDC method was meant to prevent the
occurrence of immediate graft loss and a positive cross-
match was always considered a contraindication for trans-
plantation. To prevent shipment of donor kidneys to
patients with donor specific antibodies, sera from patients
on the waiting list were regularly screened against a panel
of HLA typed blood donors to determine the specificity
of the antibodies using the same CDC assay. The presence

impact on the decision-making process with respect to donor selection for sen-
sitized patients. In the past, when only complement-dependent cytotoxicity was
used as a tool to define HLA alloantibodies, the presence of donor specific
antibodies (DSA) before transplantation was considered a contraindication for
renal transplantation with that donor. The interpretation of the current DSA
results is far more difficult and leads to a lot of discussions and controversy.
The problems associated with the use of solid phase assays for clinical decision
making and possible solutions are discussed.

of DSA as detected in a CDC antibody screening was
considered a prediction of a positive CDC crossmatch
and therefore also a contraindication for transplantation.
Actual proof for a detrimental effect on early transplant
outcome was only provided for HLA class I specific IgG
antibodies in current sera [3,4] but a similar clinical
impact was supposed for HLA class II specific antibodies,
HLA class I specific antibodies only detectable in histori-
cal sera and IgM antibodies against HLA. Later studies
revealed that DSA in historical sera were not always asso-
ciated with poor results and especially if they were of the
IgM type transplant results were excellent [4]. Hard evi-
dence that HLA class II specific DSA are associated with
hyperacute rejection is lacking while for HLA-C specific
DSA only one or two case reports suggest that they may
be associated with early rejection [5,6]. For these reasons,
one can assume that many patients in the past were
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denied a transplant although they could have been suc-
cessfully transplanted in the presence of DSA. The inter-
pretation of HLA antibody data and the evaluation of the
relevance of DSA became even more complicated after
the introduction of new and more sensitive antibody
screening assays, which were based on the reactivity of
antibodies with isolated HLA molecules on a solid phase.
In the meantime it is clear that the ‘dogma’ that DSA are
a contraindication for transplantation is not any more
valid. The DSA should rather be considered a risk factor
and the risk may vary from no risk at all to very high risk
or contraindication. However, the problem is that the
clinical relevance of DSA before transplantation is very
difficult to estimate for an individual donor recipient
combination.

The need for alternative HLA antibody screening
methods

Although CDC has been the golden standard for many
years, this assay is certainly not perfect and its use is asso-
ciated with several problems. As the target in the CDC
assay is a lymphocyte, not only HLA molecules but also
other irrelevant cell membrane structures may be targets
for antibody reactivity. Indeed, antibodies reactive with
the patients’ own lymphocytes (autoantibodies), immune
complexes, and immunoglobulin allotypes have shown to
interfere in this assay [7]. Furthermore, the assay is based
on complement activation, which implies that HLA spe-
cific IgG antibodies, which are not able to fix complement
such as 1gG2 and 1gG4, are not detected. This was the rea-
son why more sensitive assays have been introduced such
as the antiglobulin assay (detection of noncomplement
activating HLA antibodies by addition of a complement
fixing anti-human IgG antibody, which does fix comple-
ment) or indirect immunofluorescence (flow cytometry).
These assays have indeed been proven to be more sensi-
tive but still have the disadvantage that the target cell is a
lymphocyte with many different (non-HLA) target mole-
cules on its surface. To circumvent this problem solid
phase assays using isolated HLA molecules as targets for
antibody detection, have been developed. These assays,
either based on ELISA or fluorescence can detect both
complement fixing and noncomplement fixing IgG anti-
bodies and a positive reaction is per definition due to
reactivity with a HLA class I or class II molecule and not
with another irrelevant cell membrane molecule.

Clinical relevance of antibodies detectable
in ELISA

The first assay which became available was an ELISA
assay, in which HLA class I and HLA class II molecules
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were used as target molecules. Retrospective studies in
patients transplanted in the presence of a negative CDC
crossmatch showed that patients with both HLA class I
and HLA class II antibodies before their first renal trans-
plantation had a significantly poorer graft survival (76.5%
vs. 87.5% at 2 years post-transplantation) compared with
patients without HLA antibodies [8]. Patients with only
HLA class I or only HLA class II antibodies did not expe-
rience a worse graft survival. The actual specificity of the
antibodies involved was not determined in these first
studies but indirect evidence was obtained that this effect
was owing to donor specific antibodies as the impact on
graft survival increased with the number of HLA mis-
matches between donor and recipient. More direct evi-
dence for a clinical relevance of DSA detected in ELISA
came from studies by Lefaucheur et al. [9,10], who found
a significantly lower graft survival in patients with DSA
compared with patients without DSA. Especially, when
the presence of DSA was associated with the occurrence
of antibody-mediated rejection (AMR), graft survival was
worse in the DSA group. When DSA was not associated
with AMR, graft survival in the DSA group was similar to
that of patients without DSA (85% at 5 years post-trans-
plantation). These data show that DSA detected in ELISA
are a risk factor in a subgroup of patients but it is not
possible to determine the risk factor for an individual
patient before transplantation. Many patients with DSA
have an excellent graft survival.

Clinical relevance of DSA detected in Luminex
based assays

Assays based on antibody reactivity against HLA mole-
cules attached to Luminex beads have become popular
during the past years. They appear to be very sensitive
and the availability of single HLA antigen beads facilitates
the determination of the antibody specificity enormously
compared to previous panel analyses. Many laboratories
have introduced this method for the detection of DSA in
their transplant recipients. The clinical relevance of these
antibodies is a point of discussion at about every confer-
ence on histocompatibility testing and transplantation. In
Table 1 an overview is given of the most relevant articles
published on this topic. This table includes the total
number of patients studied, number of DSA positive
patients, type of crossmatch, type of donor, selection of
patients and, if present, two possible outcomes of trans-
plantation: AMR and graft survival [11-28].

Several retrospective studies show that the presence of
DSA is associated with a significantly decreased graft sur-
vival, even in the case that no AMR takes place [18,19,23].
Furthermore, the clinical relevance of a positive B cell
crossmatch was shown to be dependent on the presence of
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Table 1. The clinical relevance of DSA varies amongst different studies.

Roelen et al.

Reference N DSA+ (n) Type Donor Selection AMR (C4d+) Graft survival
Gibney et al. [11] 136 20 AHG-XM DD/LD No l

Patel et al. [12] 60 20 FCXM LD No T o
Gupta et al. [13] 121 16 CDCXM DD No l

Berg Loonen et al. [14] 34 13 CDCXM DD AM o
Billen et al. [15] 165 32 CDCXM DD/LD No Lol
Eng et al. [16] 471 27 CDCXM DD BXM+ T l

Vlad et al. [17] 325 27 CDCXM DD No T P
Amico et al. [18] 334 67 CDCXM DD/LD No T l
Wahrmann et al. [19] 338 39 CDCXM DD/LD No T d
Aubert et al. [20] 114 11 CDCXM ” No P PN
Phelan et al. [21] 64 12 CDCXM (AHG) LD No - o
Morris et al. [22] 149 15 CDC/FCXM LD No —
Lefaucheur et al. [23] 402 76 CDCXM DD No T l
Riethmiiller et al. [24] 37 20 CDCXM LD Sens Tl d
Bartel et al. [25] 68 51 CDCXM DD IA PR o
Couzi et al. [26] 45 34 CDC/FCXM DD FCXM+ T d
Couzi et al. [26] 45 11 CDC/FCXM DD FCXM— P o
Willicombe et al. [27] 480 45 CDC/FCXM DD/LD AL T d
Caro-Oleas et al. [28] 892 50 CDC DD No T d

AL, Induction with alemtuzumab; AHG-XM, complement dependent cytotoxicity crossmatch in the presence of anti-human-immunoglobulin; AMR
antibody-mediated rejection; BXM, B cell crossmatch; CDC, complement-dependent cytotoxicity; CDCXM, crossmatch in complement dependent
cytotoxicity; DD, deceased donor; DSA, donor specific HLA antibodies; FCXM, flow cytometric crossmatch; 1A, immunoadsorption; LD, living donor.

< No difference.
T or | Increased or decreased.

donor HLA class II specific antibodies in Luminex. With-
out DSA, a positive B cell crossmatch was not associated
with a decreased graft survival [16]. However, other cen-
ters reported that DSA detected in Luminex are irrelevant
in patients transplanted in the presence of a negative CDC
crossmatch [20,21] or in the presence of a negative flow
cytometric crossmatch [26]. These studies showed a simi-
lar incidence of rejection, similar serum creatinine levels
and a similar graft survival in patients with and without
DSA. A study in highly sensitized patients, transplanted in
the presence of a negative CDC crossmatch via the accept-
able mismatch program of Eurotransplant [29], showed
an increased incidence of acute rejection but a similar
graft survival in patients with and without DSA [14]. This
observation was confirmed in a recent analysis of all
Dutch patients transplanted via the acceptable mismatch
program (Doxiadis ef al., manuscript in preparation).
From Table 1 one can see that DSA detectable in Luminex
can be a risk factor but it is unclear what the risk factor is
for an individual patient. Many transplant centers use the
results of the Luminex assay either not to transplant a
patient or to desensitize a patient before transplantation
but it may well be that for many patients-donor combina-
tions transplantation is feasible, even without desensitiza-
tion, this conclusion is supported by the CTS study of
Siisal et al. [30], which showed no clinical impact of DSA
that are detected in Luminex but not in ELISA.

Why is there no consensus on the relevance
of DSA detected by Luminex?

So far, there is a lot of debate on the clinical relevance of
DSA detectable in Luminex. Many reasons can be put for-
ward for the controversial views of different transplanta-
tion centers. First of all, there is a problem with the
assignment of positive and negative reactions. So far, no
standardization of the interpretation of the results has
been obtained. The MFI (mean fluorescence intensity)
has been suggested to be a determinative factor but the
MFI determining the border between positive and nega-
tive reactions differs between centers and amongst studies.
It is clear that there is a need for standardization, which
needs the input of tissue typers, clinicians, and the com-
panies, which developed these products. The fact that the
number of HLA molecules differs on every Luminex bead
will make standardization difficult but feasible. Other
determinative factors concern the antibody titer, which is
often not reported and the immunoglobulin subclasses
(IgGl, IgG2, IgG3, 1gG4) causing the positive reactions.
Especially the fact that some IgG subclasses are able to fix
complement and others are not may be a determinative
factor, especially if one considers the role of C4d deposi-
tion in the graft as a marker for humoral rejection
[31,32]. For this reason, the Luminex-based assays have
been adapted either by measuring complement deposition
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on the beads, either C4d [19,33] or C1Q [34,35] or by
using secondary antibodies detecting IgG subclasses
[36,37]. Some studies show indeed that complement fix-
ing DSA are more relevant than noncomplement fixing
DSA, [38]. Some patients with noncomplement fixing
DSA (IgG2/1gG4) before transplant have excellent graft
survival without rejection [39]. However, other studies
showed a similar incidence of AMR in patients with weak
DSA irrespective of their ability to fix complement [40].
Furthermore, IgG2 and IgG4 and IgA DSA are detected
in sera from patients, who rejected a donor kidney [36]
and even in eluates of rejected grafts [41] suggestive for a
role of these antibodies in graft rejection. There are also
technical problems with assays based on the detection of
DSA using HLA molecules attached to a solid phase. A
study by Morales Buenrostro et al. [42] showed that HLA
antibodies are frequently observed in sera from healthy
males with no history of allosensitization. These sera con-
tained antibodies react with both HLA class I and HLA
class II molecules on Luminex beads. Further studies
revealed that the Luminex beads not only accommodate
intact HLA molecules but also denatured HLA molecules.
The latter molecules lack beta-2 microglobulin and the
respective peptide leading to a different conformation and
the expression of different antibody epitopes. The ‘natu-
ral’ HLA antibodies present in nonimmunized males react
preferentially with these denatured HLA molecules. Simi-
lar reactions may occur with sera from potential trans-
plant recipients. A study by Cai ef al. [43] showed that
antibodies reactive with these denatured HLA molecules
are clinically irrelevant. Graft survival in patients with this
type of antibodies is the same as that of patients with no
DSA. The presence of such ‘natural’ HLA antibodies may
also affect studies on the relevance of DSA detected in
solid phase assays. In a proof of principle study Zoet
et al. [44] could demonstrate that binding of solubilized
class I molecules on beads may alter the tertiary structure
of the antigen leading to false negative and false positive
reactions when human monoclonal antibodies directed

Detection and clinical relevance of DSA

against class I molecules were used as detecting reagents.
Recently, the company has introduced so called clean
beads, which are supposed to carry only intact HLA mol-
ecules. Future validation should also include this type of
beads. On the other hand, false negative reactions despite
the presence of DSA of the IgG type have been reported
to be due to the interference of IgM binding to the HLA
target [45] or Clq binding to the bound IgG molecule
[46] hampering the reactivity of the labeled anti-IgG anti-
body used as a read-out. Various suggestions have been
put forward by these latter studies to circumvent/over-
come these interference problems. These adaptations
include dilution of the sera (1:10), pretreatment with
DTT, EDTA, or C1 inhibitor and heat inactivation, of
which pretreatment with EDTA was the suggested method
of choice. Another important factor related to the clinical
relevance of DSA before transplantation is the ability of
the recipient to produce a memory response after trans-
plantation [47,48].However, at the moment no predictive
parameter for a memory response is available.

Finally, the differences reported on the clinical rele-
vance of DSA in different centers may be due to different
immunosuppressive regimes. It is clear that there are
many reasons for the controversial results on the rele-
vance of DSA in different centers. Finally, there is a
marked difference in the reactivity of antibodies in the
assays from the two current providers, making the inter-
pretation of the results complicated. Therefore, compari-
son of the results from different centers is virtually
impossible owing to many reasons, both related to differ-
ences in antibody detection (what is positive, what is neg-
ative, which IgG subclasses are involved, what are the
strength and the titer of the antibodies and which immu-
nosuppressive regimen has been used?).

Similar discrepant data are obtained when one com-
pares CDC antibody screening data from different centers.
Actually, the EPT (external proficiency testing) scheme of
Eurotransplant showed that the concordance between dif-
ferent laboratories analyzing sera by Luminex is slightly

Table 2. External proficiency testing
organized by the Eurotransplant Refer-
ence laboratory (ETRL) in 2011.

Concordant (N) False negative (N) False positive (N)

Method Participants (N) Per serum Per serum Per serum
CDC 53 14 0.2 0.2
LUM SA 45 11.8 0.8 1.3
Factor 8.4 4 6.5

CDC, complement-dependent cytotoxicity; LUM SA, luminex single antigen beads

Participants received 12 sera from multipara women. The rate of the missing discrepancy was calcu-
lated on the basis of the 75% consensus, i.e., when 75% of the participants reported a specificity
this specificity is regarded as recognized by the serum. For the additional reporting of specificities
the 95% consensus was used, i.e., when 95% of the participants report specificity as negative,
then the serum does not contain antibodies against this specificity.

© 2012 The Authors
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higher than obtained with CDC (Table 2). However,
many more specificities are detected with Luminex, and
as a consequence the number of false negative and false
positive HLA specificities within a serum was higher for
Luminex compared with CDC.

It is clear that DSA detectable in solid phase assays are
not a contraindication for transplantation but they should
be considered a risk factor. So far, the risk has been
established in individual centers and there is no consensus
between centers on the clinical relevance. The latter ham-
pers the application of these solid phase assays for the
allocation of organs between centers in organ allocation
organizations. This is the reason why for the time being,
the results of the CDC tests are still leading in the alloca-
tion of organs to sensitized patients within Eurotransplant
[29].

The use of the results of antibody screening for organ
allocation to sensitized and highly sensitized patients,
nowadays called a virtual crossmatch, is a policy which is
used by Eurotransplant and UK Transplant already for
many years [49,50]. Especially, the prediction of a nega-
tive crossmatch which is the basis of the Acceptable Mis-
match  program of Eurotransplant [29], enables
transplantation of highly sensitized recipients who are
otherwise severely disadvantaged to be prioritized in
organ allocation schemes. Prediction of a positive cross-
match to avoid inappropriate shipment of organs to sen-
sitized incompatible patients has recently also been
promoted by the United Network for Organ Sharing [51].
Sensitive techniques such as Luminex PRA and single-
antigen beads have been evaluated as a suitable basis for a
virtual crossmatch by predicting flow crossmatch out-
comes in highly sensitized patients [52-54].

Although antibody specificities detected by solid phase
assays should not be the basis of organ allocation, trans-
plant patients can certainly benefit from the outcome of
these assays [55]. In case there are indications of sensiti-
zation these tests could be useful to determine the exact
specificities. In addition, one can use these tests to look
for ‘holes in the B cell repertoire’ i.e., acceptable mis-
matches toward which no antibodies are found, which is
especially of benefit for (highly) sensitized patients. For
retransplant patients the luminex test can also be of bene-
fit as shown by the detection of additional specificities
after graft removal [56,57].

To be able to use solid phase assays more efficiently,
standardization is essential. This is only possible by a close
collaboration between HLA laboratories, clinicians and the
companies providing these assays. Wet workshops using
patient sera and relating the results to clinical consequences
such as incidence and severity of rejection, graft function,
and graft survival should help the transplant community to

Roelen et al.

implement the results of these assays in a more reliable
and reproducible way in clinical decision making.
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