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with some early success across all but the highest levels of 
DSA.[3] These transplants have an increased risk of acute 
antibody-mediated rejection (AMR).

Hyperacute Rejection

Antibody-mediated hyperacute rejection was recognized 
in late 1960s. Williams reported that DSA against HLA can 
cause hyperacute rejection in clinical transplantation.[4] 
This was followed in 1969 by the development of a cross-
match technique that could be performed reproducibly 
and had a good correlation with clinical outcome.[5] 
Hyperacute rejection has now been virtually eliminated, 
but little progress has been made in the understanding 
of lesser degrees of AMR.

Histology of Antibody-Mediated Rejection

Clinical interest in AMR resurfaced in the early 1980s when 
Halloran and colleagues[6,7] described the pathological 
features of acute AMR using light  electron microscopy. 
They showed that in acute AMR it was generally not 
possible to demonstrate the presence of antibody in the 
graft, so the diagnosis relied upon indirect markers of 
antibody-mediated rejection. These could be a picture 
of acute tubular necrosis, or varying degrees of cellular 
infiltration into glomeruli or peritubular capillaries 
with an associated inflammatory response including 

Introduction

Antibody incompatible transplantation (AiT) is defined as 
transplantation across an Human Leukocyte Antigen (HLA) 
antibody barrier, with defined donor-specific antibody 
being present at the time of transplantation or at the 
initiation of pre-transplant conditioning. In recent times, 
there has been a steady increase in antibody incompatible 
transplantation. This is because many protocols involving 
plasmapheresis have shown reasonable success in short and 
medium term outcomes.[1] Also, newer assays have made 
it possible for identification of previously undetectable 
levels of donor-specific antibodies (DSA).[2] The main 
advances of the last two decades are the ability to identify 
DSA with a sensitive microbead assay, and to transplant 
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glomerulitis and interstitial hemorrhage. These findings 
still form the basis of the histologic classification of AMR, 
which has been refined in the Banff classification.[8] Recent 
studies have shown that the cellular infiltrate in acute 
AMR does contain macrophages and neutrophils, as 
originally described, but is also characterized by a high 
proportion of T cells.[9] Indeed, the T cell signature of 
cellular rejection (T cell mediated rejection) is the same 
as that of acute AMR.[10] The identification of C4d as a 
pathological marker for AMR in clinical transplants,[11,12] is 
an important development, though AMR may occur in the 
absence of C4d staining[9] [Figure 1]. Further refinement 
of the BANFF classification is likely to place more stress 
on cellular changes and less importance on C4d staining. 
A method to detect antibody in histologic sections and 
apply this to clinical diagnosis is awaited.

AMR is a consequence of the interaction of vascular 
endothelium of the graft with anti-donor antibodies, 
though there is still speculation as to whether an 
additional direct T cell mediated response is important 
in some patients. Endothelial cells play an important role 
in movement of molecules between the intravascular and 
extravascular compartments. DSA binds with endothelial 
cells and cause complement activation, resulting in cell 
death and subsequent ischemic injury.[13] The negatively 
charged heparin sulfate on the endothelial surface 
repels negatively charged plasma proteins like albumin 
and coagulation factors.[14] The ischemic damage to the 
endothelial cells by the DSA results in the formation of 
gaps between the cells due to the loss of electronegativity. 
This causes sub-endothelial matrix to bind with plasma 
coagulation factors resulting in vascular thrombosis.[15]

After the acute phase, the peritubular capillaritis is 
thought to progress into multi-layering of basement 
membrane.[16] There is also the development of transplant 

glomerulopathy (TG) which is increasingly recognized 
as a manifestation of chronic antibody-mediated injury. 
TG is characterized by double contour of glomerular 
and peritubular capillary basement membranes and 
deposition of C4d in peritubular capillaries on the biopsy, 
and proteinuria.[17] More recently, pathologic, physiologic 
or molecular evidence of endothelial disturbance in the 
absence of demonstrable C4d deposits has been correlated 
with chronic graft failure.[18] If TG is seen on a biopsy, 
care should also be also taken to document the extent of 
ongoing peri-tubular capillaritis, since it is possible that 
the cellular infiltration may be more amenable to therapy 
than glomerular damage.

Detection of Human Leukocyte Antigen 
Antibodies

Tests to measure HLA antibodies have improved in 
sensitivity and specificity over the years. However, there 
is still some way to go before clinically relevant antibodies 
can be measured accurately, especially in patients who 
have a functioning graft where DSA may be absorbed onto 
the graft and affect the blood levels of DSA.

Complement-dependent cytotoxicity (CDC) crossmatching 
was pioneered by Terasaki and colleagues in the 1960s.[5] 
It seeks to identify clinically significant donor-specific 
HLA antibody-mediated responses for a given recipient. 
Lymphocytes from the donor are isolated and separated 
into T and B cells. Serum from the recipient is mixed with 
the lymphocytes and complement (rabbit serum) is then 
added. If donor-specific antibody is present and binds to 
donor cells, the complement cascade will be activated via 
the classical pathway resulting in lysis of the lymphocytes. 
The read-out of the test is the percentage of dead cells 
relative to live cells as determined by microscopy. The 
result can be scored on the percentage of dead cells, with 0 
correlating to no dead cells; scores of 2, 4, and 6 represent 
increasing levels of lysis. To determine the strength of 
the reaction the cross-match can be repeated using serial 
doubling dilutions of the recipient serum (often known as 
a ‘titered crossmatch’). In this way, dilutions are usually 
performed to 1 in 2, 4, 8, 16, 32, 64, and so on. With 
antibody at a low level, a single dilution may be enough 
to render the cross-match result negative. This may also 
give an indication as to the likelihood that a negative 
cross-match could be achieved with a desensitization 
protocol. The basic CDC cross-match can be enhanced by 
the addition of antihuman globulin (AHG). This result in 
multiple AHG molecules binding to each DSA attached to 
the donor cells thereby amplifying the total number of Fc 
receptors available for interaction with complement. This 
technique increases the sensitivity of the CDC cross-match 
by increasing the complement activation and cell lysis.[19]

Figure 1: C4d staining may not be apparent at the onset of antibody-
mediated rejection
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The CDC cross-match can be false-positive because of a 
technical issue or because of the presence of autoantibodies 
present in the recipient serum. Autoantibodies are 
generally IgM rather than IgG antibodies. To establish 
if autoantibodies are responsible for the result, an 
auto-crossmatch can be performed, where the recipient 
serum is cross-matched against their own lymphocytes. 
Also, the original cross-match could be repeated with 
the addition of the agent Dithiothreitol (DTT). DTT 
reduces the disulfide bonds in IgM thereby preventing 
IgM antibodies from generating a positive result. It is also 
possible to have a negative cross-match in the presence 
of a DSA, when the antibody titer is too low to cause 
complement activation or when the antibody does not 
activate complement or when the antigen for which the 
antibody is specific is expressed only at very low levels 
on the donor’s lymphocytes.

There are differences in interpretation of B cell and T cell 
cross-match. T cells do not express HLA class II so the 
result of a T-cell cross-match generally reflects antibodies 
to HLA class I only. B cells, on the other hand, express 
both HLA class I and II, so a positive B-cell cross-match 
may be due to antibodies directed against HLA class I or II 
or both. Therefore, if both T and B cell cross-matches are 
positive, it could be either due to class I DSA or a mixture 
of class I and II. If it is a negative T-cell but positive B-cell 
cross-match it could be due to only class II DSA or a low 
level of class I DSA. This is because B cells express higher 
levels of HLA class I than T cells.[20]

Flow cytometric cross-matching is more sensitive than 
CDC cross-matching. It is performed by mixing donor 
cells and recipient serum and incubating them with 
fluorescein-labeled antibodies against human IgG 
(antihuman IgG), which was first described in 1983.[21] 
This fluorescein-labeled antibody will bind to all the IgG 
antibodies in the recipient serum. If there is DSA in the 
serum then it binds to the donor lymphocytes and this will 
be detectable by flow cytometry. For B cell cross-match 
adding PE-conjugated CD-19 and for T cell cross-match 
adding PE-conjugated CD3 was carried out. The readout 
is the comparison of the test result over that for a negative 
control AB serum. This readout can be expressed in a 
number of different ways, which means that it is not 
possible to compare the results of FC cross-matching 
in different laboratories. Different readouts of test over 
control include relative median fluorescence, channel 
shifts, or the number of doubling dilutions of test serum 
required to render the test readout negative.

CDC and FC cross-matching require donor cells, which 
makes the test cumbersome to perform repeatedly and 
adds to variability of test result. Over the last decade, it has 

become increasingly feasible to purify HLA proteins, which 
gives the potential to measure HLA antibodies in a reliable 
sold phase assay. The best of these to date is the microbead 
assay, analyzed on the Luminex platform. Recipient serum 
potentially containing anti-HLA antibodies is added to 
a mixture of synthetic beads. Each test sample contains 
up to 96 types of bead, each of which can be separately 
identified by the Luminex platform. A different HLA 
protein is attached to each type of bead. We can thus 
identify many different antibodies, and compare them 
with the donor’s HLA antigens, thus enabling a prediction 
of crossmatch result. The advantages of Luminex testing 
are not having false-positive reactions and being able 
to determine the correct antibody specificity. Luminex 
testing also has some limitations including variation in 
HLA density on beads; difficulty attaching purified HLA 
protein to the beads with any denaturing of antigenic 
binding sites; and providing a dynamic range that would 
allow conversion of the fluorescence readout to absolute 
antibody concentration.[22]

The presence of a DSA detected by Luminex with 
CDC negative crossmatch appears to have prognostic 
importance in terms of graft survival and acute rejection 
risk. We have shown that HLA antibody incompatible 
renal transplantation had a high success rate if the CDC 
crossmatch was negative. Death censored graft survival 
at 1, 3, and 5 years was 97.5%, 94.2%, and 80.4% in all 
DSA-positive patients. At five years, the death censored graft 
survival in the CDC crossmatch positive group was 54.3% 
[Figure 2]. In comparison, in the CDC negative crossmatch 
and DSA positive group the graft survival was 88.6%, which 
was statistically significant (P < 0.03). Also the five-year 
graft survival in the DSA negative group was 80.2%.[23]

We had also previously shown that DSA either caused no 
rejection after HLA antibody incompatible transplantation, 

Figure 2: Death censored graft survival based on pre-treatment donor-
specific antibodies levels
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or rejection was resolved in the presence of DSA in the 
majority of cases, possibly due to accommodation.[24]

Management of Antibody-Mediated Rejection

Prevention and treatments for acute and chronic HLA 
antibody-mediated damage are not yet fully effective, but 
there is scope for considerable optimism. For example, 
in our series of HLA antibody incompatible transplants, 
the early response rate to therapy for acute AMR was 
greater than 95%. However, there are two main problems. 
First, treatment of acute AMR is far less effective when 
antibodies are present at a level that is strongly CDC 
positive, and second, some acute AMR progresses to 
a chronic phase with transplant glomerulopathy and 
eventual graft failure.

There are many different management protocols available 
for acute and chronic AMR. These include plasmapheresis 
(PP), intravenous immunoglobulin (IVIg), anti-thymocyte 
globulin (ATG), rituximab, splenectomy, bortezomib, and 
eculizumab in various combinations and dosage.

These different treatments have not been tested in 
appropriate randomized trials, so that their use is based 
on individual clinical preferences, which continue to differ 
widely between clinicians. This suggests that either the 
treatments are all effective, or that acute AMR may resolve 
irrespective of the intervention. Certainly, we have noted 
that in many cases with a sharp rise in DSA at about 10 
days post-transplant and acute AMR, the graft recovers 
whereas DSA is still present, and then a few days later 
there may be dramatic fall in DSA levels that is not related 
to any particular therapy other than routine induction 
immunosuppression and high dose of methyl prednisolone. 
This apparent ability of the graft to recover function and for 
the DSA to disappear suddenly makes it easy for claims to 
be made for the efficacy of any individual treatment based 
on limited anecdotal experience.

An initial study demonstrated that protocols using 
multiple plasmapheresis treatments leads to more 
reproducible desensitization and lower humoral rejection 
rates when compared with a single high dose intravenous 
immunoglobulin (IVIG).[25] The Cedars-Sinai hospital 
which uses IVIg in high-immunological risk patients is 
associated with good one-year outcomes, adequate GFR, 
and a profound decrease in panel reactive antibodies, 
but a significant increase in allograft nephropathy.[26] 
However, in this center patient not responding to IVIg 
did not always proceed to transplant. The Mayo Clinic, in 
a less selected and higher risk patient group, found that 
high dose IVIg alone is inferior to plasmapheresis and 
IVIg and anti-CD20 as therapy for AMR.[27]

At the Johns Hopkins University, acute severe AMR has 
been treated with emergency splenectomy followed by 
plasmapheresis and IVIg. Five patients who experienced 
an acute deterioration in renal function and had a rise 
in donor-specific antibody within the first post-transplant 
week after desensitization, had undergone immediate 
splenectomy followed by plasmapheresis and IVIg 
resulting in return of allograft function within 48 h of 
the procedure.[28]

They also presented a single case in which eculizumab, 
a complement protein C5 antibody that inhibited the 
formation of the membrane attack complex (MAC), was 
used in combination with plasmapheresis and IVIg to 
salvage a kidney undergoing severe AMR. This resulted in 
a marked decrease in C5b-C9 (MAC) complex deposition 
in the kidney.[29] In a recent study published by Mayo 
clinic, they have shown that the incidence of AMR was 
7.7% (2/26) in the eculizumab group compared to 41.2% 
(21/51) in the control group (P = 0.0031). Eculizumab 
also decreased AMR in patients who developed high 
levels of DSA early after transplantation that caused 
proximal complement activation. On one-year protocol 
biopsy, transplant glomerulopathy was found to be 
present in 6.7% (1/15) eculizumab-treated recipients 
and in 35.7% (15/42) of control patients (P = 0.044). 
Thus inhibition of terminal complement activation with 
eculizumab was thought to decrease the incidence of 
early AMR in sensitized renal transplant recipients.[30] 
Our experience has been that though a case can be 
made for a positive effect of eculizumab the drug was 
not completely successful in abrogating rejection in the 
presence of extremely high DSA levels.[31] In the absence 
of a “curative” drug for AMR, eculizumab may represent 
a useful addition to the nephrologist’s toolbox.

The proteasome inhibitor, bortezomib, treatment might in 
theory be useful, as it is designed to kill plasma cells. Invitro 
studies indicate that it is capable of killing plasma cells and 
stopping HLA antibody secretion.[32] The Cincinnati center 
has most experience of bortezomib, reporting reversal 
of rejection and reduction in DSA levels.[33] However, 
a recently reported study did not show any significant 
decrease in DSA following bortezomib treatment in 
patients awaiting transplantation. In addition, as antiviral 
antibody levels remained stable following treatment, 
they concluded a lack of efficacy on long-lived plasma 
cells.[34] Despite this there remains the possibility that 
activated plasma cells post-transplant are more sensitive 
to bortezomib than those in steady- state tickover, and a 
randomized clinical trial is urgently required.

In our center, we have linked our therapeutic approach 
to histologic finding of T cell infiltration in acute AMR, 
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and the mainstay of treatment is either OKT3 (previously) 
or polyclonal ATG (currently) which has shown early 
reversal of rejection in over 95% of cases.[23] We do not use 
IVIg, and have phased out post-transplant plasmapheresis 
as it is associated with increased complication rates, and 
is not able to control DSA levels effectively during periods 
of rapid synthesis.[35]

Implications for Clinical Practice

How should clinicians respond to their patients with HLA 
antibodies?

Everyone looking after long-term patients will encounter 
chronic AMR in a significant proportion of patients. 
This should be detected at an early stage by careful 
monitoring of renal function, and significant deterioration 
on renal function not explained by infection or structural 
problem should always be investigated by renal biopsy. 
DSA monitoring may be useful but as many patients 
have chronic AMR with DSA in their blood (presumably 
absorption of antibody onto the graft) it is not an useful 
screening tool. If chronic AMR is diagnosed, there 
is no treatment of proven usefulness. It would seem 
reasonable to increase exposure to steroids and 
azathioprine or mycophenolate, optimize other risk 
factors, like controlling proteinuria, blood pressure with 
ACE inhibitors, while awaiting the results of randomized 
studies.

The more pressing issue is whether to transplant patients 
who have DSA against a donor kidney, especially when this 
is available from a living donor. These transplants have 
only been performed for a few years, and there are few 
long term data on the outcomes. These data often come 
from single centers, and inevitably these may present the 
better end of the spectrum of outcomes. A UK national 
Registry of antibody incompatible transplantation is the 
first of its type in the world, and a large collaborative 
study in the USA has started to report at a conference on 
medium term outcomes.[36] One has to be cautious about 
the outcomes. Even at low levels of DSA, graft outcome 
may be compromised.[37] The early and medium term 
results of transplanting across CDC crossmatch seem poor, 
with about 50% of 5-year graft survival.[23] A particular 
issue in HLA AiT is that many patients who had previous 
failed grafts had renal failure for many years, and this 
exposes them to a high risk of death. In our center the 
2-year mortality of HLA AiT is about 5%, but rises to 
20% if higher risk patients are accepted.[38] Even though 
the mortality in our series was low, 25% of patients had 
unplanned admission to critical care.

It is suggested that transplantation across pre-formed 
HLA antibodies is not yet a routine practice, and should 
be performed as part of structured programs in specialist 
centers, as suggested in the British Transplantation 
Society and British Society for Histocompatibility and 
Immunogenetics guidelines.[39,40] A laboratory supporting 
a program of AiT must have robust and accurate methods 
to distinguish HLA antibodies directed against the donor. 
AiT should not be performed if only CDC and not flow 
cytometry or Luminex is available to quantify HLA 
antibodies, even with prophylactic ATG. Research remains 
critical, both at the level of recruiting to available clinical 
trials and participating in laboratory research.

In conclusion, advances have been made in the 
understanding of and treatment of antibody-mediated 
rejection in the last decade, but the clinical outcomes are 
not yet satisfactory. To use the cricketing analogy, much 
more ‘net practice’ is required, but many of the tools 
to achieve selective elimination of HLA antibodies are 
emerging and the next generation should be competitive 
at ‘Premier League’ level.
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