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Preface

Kidney transplantation is the preferred treatment for patients with end-
stage renal disease. The benefits are evidenced by prolonged survival and
improved quality of life for both children and adults. Despite these well-docu-
mented benefits, transplant frequency remains lower than desirable as a result
of limited organ availability. ABO incompatibility has until recently been
regarded as an absolute contraindication of living donor donation. With the
advances in immunosuppression and apheresis techniques, ABO-incompatible
kidney transplantation has gained a renewed interest during the past few years.
More than 200 successful ABO-incompatible kidney transplants have now been
performed in Europe thanks to the improvements in the treatment protocols in
use to manage humoral immunity. Such protocols rely on strategies to remove
ABO antibodies before and after transplantation (plasmapheresis and
immunoadsorption), to impair the B-cell compartment (rituximab, splenec-
tomy) and to use immunomodulators such as intravenous immunoglobulin
(IVIg). As experience has been gained, the remaining obstacles have been iden-
tified and solutions proposed. These efforts have also been instrumental to
address and provide solutions for highly sensitized adult patients with end-stage
renal disease because of the apparent similarities between Ab-mediated rejec-
tion of ABO-incompatible organ allografts and that of highly sensitized kidney
transplant recipients. Patients with high levels of preformed anti-human leuko-
cyte antigens (HLA) antibodies (highly sensitized) represent one of the major
problems transplant medicine is now facing given their increasing number and
the fact that the additional immunological barrier makes transplant rates very
low. Indeed they have a lower chance of receiving a donor kidney offer than
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other patients on the waiting list. Prior sensitization in the context of blood
transfusion, pregnancy, or previous organ transplantation can lead to sustained
production of non-self HLA antibodies. Approximately 30% of patients on the
waiting list are classified as sensitized, meaning they have peak panel reactive
antibody (PRA) levels >20%, with about half of these having peak PRA levels
>80% (highly sensitized). There are two strategies to facilitate transplantation
in highly sensitized patients: one is increasing the chance of finding a cross-
match-negative donor, by determination of acceptable HLA mismatches, and
the other is removal of HLA antibody by desensitization protocols. Screening
techniques of higher sensitivity than complement-dependent cytotoxicity cross-
match and enzyme-linked immunosorbent assay, such as the single antigen
bead assay, have been introduced recently. The test detects both complement
binding and non-complement binding HLA antibodies. These techniques are
able to detect very low levels of alloantibody and are also able to define them
more accurately. Thus, laboratories rely on the detection of specificities demon-
strated by such assays, and use the information obtained for allocation of donor
organs. The clinical relevance, however, of these more sensitive screening tech-
niques for organ allocation remains ill defined. For example, these assays are
unable to report on the ability of antibodies to activate complement, the mecha-
nism responsible for tissue injury. Moreover, it is unclear whether low levels of
antibodies detectable solely by the more recent assays represent a risk for
hyperacute or acute antibody-mediated rejection, and hence a significant risk to
the graft. We really need a theoretical rationale for the decision to transplant a
sensitized patient and whether to regard the transplant as low, medium, or high
risk. Similarly, many centers are now attempting to remove donor HLA-specific
antibodies to enable a successful renal transplant, but the proposed pre-trans-
plant desensitization protocols lack a uniform approach and have so far been
applied to a limited number of sensitized patients, eventually precluding to
achieve solid evidence about their usefulness and worldwide applicability.
Moreover, it is unclear whether desensitized patients will require particular
post-transplant immunosuppression to avoid the risk of hyperacute rejection
and which would be the best combination treatment.

Post-transplant developed alloantibodies are also now appreciated as impor-
tant mediators of chronic rejection, differing in pathogenesis from T-cell-
mediated rejection. Several studies have shown that circulating anti-HLA class I
or II antibodies, either donor reactive or de novo, non-donor reactive, are found
in a substantial fraction of renal allograft recipients, and these are associated
with later graft loss. However, their frequency and actual clinical impact on
short- and long-term graft survival need to be ascertained. Moreover, some non-
HLA molecules as targets for clinically relevant alloantibodies were identified,
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such as specific agonistic antibodies against the angiotensin type 1 receptor.
These recent insights in the characterization and pathogenetic role of humoral
immunity in the chronic allograft injury have opened new perspectives for novel
immunosuppressive therapies to control anti-donor- and non-donor-specific
antibody production as well as to antagonize the activity of non-anti-HLA anti-
bodies post-transplantation. Eventually they would translate in better long-term
outcome of kidney graft.

We believe that now is the time to meet for discussion and exchange expe-
rience on the role of antibodies in kidney transplantation, so we organized the
2nd International Vicenza Course on Kidney Transplantation on ‘Humoral
Immunity in Kidney Transplantation’ which will take place in Vicenza, Italy, on
November 21–22, 2008. The workshop will put together top international
experts in the field of ABO incompatibility, highly sensitized patients and post-
transplant antibody development, with the hope to define common diagnostic
and therapeutic approaches to these major emerging problems in kidney trans-
plantation. We are indebted with our sponsors and with those who made the
course possible including our invaluable meeting organizers – Anna Saccardo,
Anna Marsiai and Ilaria Balbo. We are also grateful to Karger Publishers for the
timely publication of this volume and the superb editorial work.

Giuseppe Remuzzi Bergamo
Stefano Chiaramonte Vicenza

Norberto Perico Bergamo
Claudio Ronco Vicenza
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Remuzzi G, Chiaramonte S, Perico N, Ronco C (eds): Humoral Immunity in Kidney
Transplantation. What Clinicians Need to Know.
Contrib Nephrol. Basel, Karger, 2009, vol 162, pp 1–12

Clinical Relevance of Preformed 
HLA Donor-Specific Antibodies in 
Kidney Transplantation

C. Lefaucheura, C. Suberbielle-Boisselb,c, G.S. Hilld, D. Nochyd,
J. Andradeb, C. Antoinea, C. Gautreaub,c, D. Charronb,c, D. Glotza,c

aNephrology and Kidney Transplantation, bImmunology and Histocompatibility, 
and cINSERM Unit U662, Saint-Louis Hospital, Paris, and dHistopathology, 
Georges Pompidou European Hospital, Paris, France

Abstract
Since the pioneering work of Patel and Terazaki, the presence of an anti-donor anti-

body of the IgG isotype, as demonstrated by a lymphocytotoxic assay on T cells, has been a
contraindication to transplantation, due to the very high rate of graft loss reported (�80% in
the first few weeks posttransplant). The advent of more sensible and specific techniques of
detection of anti-HLA antibodies (such as ELISA or Luminex techniques) has questioned
this dogma, with a number of reports showing that transplantation, despite the presence of
an donor-specific antibody (DSA), could be done without excessive graft losses, despite
higher rates of rejection. We thus decided to retrospectively screen a cohort of 237 patients
consecutively transplanted in our unit. This study analyzes the influence of preformed DSA,
identified by HLA-specific ELISA assays, on graft survival and evaluates the incidence of
antibody-mediated rejection (AMR). Kidney graft survival at 8 years was significantly
worse in patients with DSA. The incidence of AMR in patients with DSA was 9-fold higher
than in patients without DSA and led to a significantly worse graft survival. The prevalence
for AMR in patients with DSA detected on historic serum was 32.3% and was significantly
more elevated in patients with strongly positive DSA (score 6–8) and in patients with his-
toric positive crossmatches. Interestingly, those patients with DSA that did not experience
AMR had the same graft survival as patients without DSA. Thus, the presence of preformed
DSA is strongly associated with increased graft loss in kidney transplants, related to an
increased risk of AMR. Our findings demonstrate the importance of detection and charac-
terization of DSA before transplantation. Stratification of this immunological risk should
be used both to determine kidney allocation and to devise specific strategies for these
patients.

Copyright © 2009 S. Karger AG, Basel

The Highly Sensitized Patients



Lefaucheur et al. 2

Patel and Terasaki [1] first reported some 40 years ago that the presence
of recipient antibodies to antigens expressed on donor white cells was a major
risk factor for immediate graft loss. Thus, patients awaiting renal transplanta-
tion are routinely tested for lymphocytotoxic panel-reactive antibodies (PRA)
and graft allocation depends on the current T- and B-cell complement-depen-
dent cytotoxicity crossmatches. Much effort has been spent on increasing the
sensitivity of the crossmatch assay to allow detection of weak anti-HLA sensi-
tization [2, 3], and new assays for pretransplant antibody testing based on
highly sensitive, strictly HLA-specific techniques, such as ELISA or Luminex,
have been developed [4, 5]. In an earlier study we showed that 71.4% of
patients who developed acute antibody-mediated rejection (AMR) presented
donor-specific antibody (DSA) pretransplantation, as identified by ELISA [6].
However, this study, as others, has only focused on patients experiencing rejec-
tion [7]. Up to now, no study has permitted evaluation of the clinical impact of
DSAs against HLA antigens identified before transplantation by sensitive
techniques, irrespective of the posttransplant course and notably the occur-
rence of rejection.

Thus, to investigate the clinical relevance of DSA identified by highly sen-
sitive, strictly HLA-specific assays, we retrospectively screened a series of con-
secutive renal transplant performed in our unit by high-definition (HD) ELISA
for their presence. Our graft strategy was the current worldwide strategy based
on pretransplant antibody testing by complement-dependent lymphocytotoxic-
ity assay. This study analyses the influence of pretransplant DSA status on
transplant outcome and evaluates the predictive value for AMR of preformed
DSA detected in this population.

Patients and Methods

Study Design
237 consecutive ABO-compatible renal transplants (94 F, 143 M) were performed

between 1998 and 2004 in our hospital, including 16 living donors (6.8%) and 221 cadav-
eric donors. A negative current T- and B-cell CDCXM was required for all kidney trans-
plant recipients. To identify patients who might have preformed HLA DSA, not identified
by routine lymphocytotoxicity assays, we retrospectively screened by HLA-specific
ELISAs all kidney transplant recipients for the presence of DSA in historic sera and in that
at the time of transplantation (D0). Based on the results of the screening of preformed
DSA, patients were divided into two groups: (i) patients with DSA, and (ii) patients with
no DSA.

We analyzed the occurrence of rejection episodes and we compared the graft survival
rates between the two groups. All data up to and including December 2006 were included,
with a median follow-up of 46.5 � 24.7 months (range 3–105) for the entire population of
transplant patients.
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Clinical Protocols
Immunosuppression protocols were defined according to the immunologic risk,

defined using lymphocytotoxic PRA and T- and B-cell-based assays. Patients received a pro-
tocol consisting of induction therapy with a polyclonal anti-T-lymphocyte globulin
(Thymoglobuline, Genzyme) in 94.6% of cases or daclizumab (Zenapax®) in 5.4% of cases.
Their maintenance immunosuppression consisted of tacrolimus (Prograf), Astellas) or
cyclosporine (Neoral, Novartis), mycophenolate-mofetil (MMF) (CellCept, Roche) and
steroids. Patients with remote positive IgG T- and B-cell crossmatches (CXM) received IVIg
at the time of transplantation as prophylaxis against acute rejection (2 g/kg days 0–1, 20–21
and 40–41).

19 highly immunized patients were desensitized prior to transplant using three courses
of IVIg (Baxter Gammagard, Baxter, Belgium) at 4-week intervals, each course consisting of
2 g/kg of IVIg given over 48 h, according to a previously described protocol [8, 9].
Desensitization was considered a success if the level of antibodies fell by at least 50% and
the patients were then transplanted with the first available ABO-compatible kidney giving an
IgG T-cell-negative CXM using the post-IVIg sera. The immunosuppressive regimen at time
of transplantation consisted of IVIg (2 g/kg days 0–1, 20–21 and 40–41), mycophenolate
mofetil (2 g daily), steroids and Thymoglobuline for 10 days at 1–1.5 mg/kg/day followed by
tacrolimus.

Diagnosis and Treatment of Rejection
All rejection episodes were biopsy-proven. Biopsies were evaluated by light

microscopy and immunofluorescence, and the findings graded according to the Banff 97
classification [10]. C4d detection was performed by immunofluorescence and biopsies were
considered positive for C4d (C4d�) when the peritubular capillaries stained diffusely and
brightly linearly. Among the patients with clinical acute graft dysfunction, 21 patients (15 M,
6 F) had episodes of AMR, and 11 patients (7 M, 4 F) episodes of ACR. All AMR patients
had characteristic histologic lesions of AMR [11], as described in a previous study [6] with
positive C4d staining.

Patients with AMR were treated with specific protocols consisting of a combination of
steroid boluses, IVIg (2 g/kg, monthly � 4 doses), associated with plasma exchange or
muromonab-CD3 (OKT3,). Patients with ACR were treated by three steroid pulses
(3 � 500 mg i.v.).

Screening Algorithm for HLA Antibodies
All pretransplant sera were screened by ELISA assays (LAT-M, One Lambda, Canoga

Park, Calif., USA) to determine the presence or absence of anti-HLA class I or class II anti-
bodies of the IgG isotype. Anti-HLA class I antibodies were then identified by complement-
dependent cytotoxicity (CDC) on a frozen cell tray of 30 selected HLA-typed lymphocytes
(Serasreen FCT30 Frozen Cell Trays, Gen Trak, Liberty, N.C., USA). The presence of anti-
HLA IgM antibodies was excluded by testing in the presence of DTT. PRA of the IgG class
directed against HLA class I molecules were calculated from this CDC assay.

We retrospectively screened by HLA-specific ELISA assays all kidney transplant
recipients for the presence of DSA in peak sera and in D0 sera. Identification of anti-HLA
class I antibodies specificities were done using a HD single-antigen, ELISA (LAT-1HD, One
Lambda), which defines antibodies with a score of 4, 6 or 8 reactivity. For anti-HLA class II
antibodies we used an ELISA (LAT 2–40, One Lambda) test which identified DR and DQ
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subtypes. Both ELISA tests were performed as recommended by the manufacturer. All anti-
HLA antibody testing was performed on non-preabsorbed sera, drawn before the administra-
tion of ATG or IVIg.

HLA typing of transplant recipients was performed by molecular biology (Innolipa
HLA typing kit, Innogenetics, Belgium). For all kidney transplant donors, HLA A, B, DR
and DQ tissue-typing was performed using the microlymphocytotoxicity technique with One
Lambda Inc. tissue-typing trays and was controlled by molecular biology.

Criteria for Accepting a Donor: Crossmatch Techniques and Interpretation
Crossmatches were performed by complement-dependent cytotoxicity (CDCXM) and

T-cell antiglobulin enhanced complement-dependent cytotoxicity (AHG-CDCXM) on lymph
node and by CDC on separated B lymphocytes or spleen cells, according to the National
Institutes of Health recommendations. Peak and current sera were tested according to EFI
standards. Sera were tested both diluted and undiluted, with and without DTT. A current pos-
itive IgG T-cell CDCXM was a contraindication to transplantation. A current positive AHG-
CDCXM, negative IgG T-cell CDCXM was not considered as a contraindication, but an
immunosuppressive protocol using IVIg was used. CXMs positive only for IgM did not pre-
vent transplantation. Of note, a current B-cell positive CXM, in a patient with anti-HLA
class II antibodies, was considered a contraindication to transplantation.

Statistical Analysis
For categorical data, Fisher’s exact test or Pearson’s �2 test was used. Kaplan-Meyer

survival estimates were calculated for death or graft loss (dialysis) whichever came first.
Survival curves were compared between patients with and without DSA using the Gehan-
Wilcoxon test.

Results

Pretransplant HLA Antibodies in Kidney Transplant Recipients
Historic (Peak) Sera
Among the 219 recipients who did not receive pregraft conditioning, 60

patients (27.4%) had antibodies against class I or class II HLA on historic sera:
19 patients (8.7%) with anti-HLA class I; 8 patients (3.7%) with anti-HLA
class II, and 33 patients (15.1%) with both anti-HLA class I � class II. In more
than half (31/60 patients), these anti-HLA antibodies had anti-donor specificity
(table 1). The DSA identified on peak sera (peak DSA) had a score of 6–8 in 13
patients (42%), and a score of 4 in 18 patients (58%). Eleven patients (35.5%)
had a remote positive CXM (4 with IgG T-cell CDCXM, 2 with B-cell CXM,
and 5 with IgG T- and B-cell CXM, of which 3 CDCXM and 2 AHG-CDCXM).

In the desensitized group of 18 patients, 12 patients (66.7%) had peak
DSA, 10 with a DSA score of 6–8 and 2 with a score of 4. Six patients (33.3%)
had a remote positive CXM (4 with IgG T-cell CDCXM, 1 with IgG T-cell
AHG-CDCXM, and 1 with IgG T- and B-cell CDCXM).
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Current (D0) Serum
In the non-desensitized group, 15 patients (6.8%) showed DSA at the time

of transplant (11 with DSA class I and 4 with DSA class II), mainly of score 4
(9/15 patients). All of the current IgG T- and B-cell CDCXM were negative. A
single patient was transplanted with a current positive IgG T-cell AHG-CDCXM.

Among the desensitized patients, 7/18 (38.9%) had DSA at the time of
transplant. In 5/7 patients the DSA identified at D0 were score 6–8. Two
patients were transplanted with a current positive IgG T-cell AHG-CDCXM.

Evolution of Patients with Pretransplant DSA
Kidney graft survival was significantly worse in patients with preformed

DSA than in those without DSA, with survivals at 8 years of 67.9% in patients
with DSA and 77.3% in those with no DSA (p � 0.03) (fig. 1). This difference
in graft survival appears to be uniquely due to occurrence of AMR in the DSA
group, as we found identical survivals for DSA patients without AMR (78.5%)
and non-DSA patients (77.3%) (fig. 2). No graft loss related to an AMR
episode occurred in the non-DSA group.

The incidence of AMR among patients with preformed DSA was 34.9%,
9-fold higher than in patients without DSA (3.1%) (p � 0.00001). The inci-
dence of ACR was not significantly different between the two groups
(p � 0.23). In 18 of 21 patients (85.7%), AMR occurred shortly posttransplant,
with a median onset of 16 days (range 3–42 days).

Table 1. Pretransplant DSA, CXM status and AMR occurrence in the population of
kidney transplant recipients

CXM� CXM

n AMR n AMR
n (%) n (%)

Peak DSA� (sc4–8) 14 9 (64.3) 29 6 (20.7)
Peak DSA� (sc6–8) 12 9 (75) 11 6 (54.5)
No peak DSA 3 0 191 6 (3.1)
D0 DSA� (sc4–8) 7 6 (85.7) 15 3 (20)
D0 DSA� (sc6–8) 7 6 (85.7) 4 2 (50) 
No D0 DSA 10 3 (30) 215 9 (4.2)

Peak DSA � Donor-specific antibody identified on the peak serum; D0 DSA � donor-
specific antibody identified on current serum; CXM � remote IgG T- or B-cell crossmatch;
AMR � antibody-mediated rejection; n (%) � number and percent of patients.
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Prevalence of Acute AMR in Patients with Pretransplant DSA
The presence of DSA (score 4-6-8) on historic serum gave a prevalence of

AMR of 32.3% in non-desensitized patients and of 41.7% in desensitized
patients (Se 100%, Sp 46.2%). The risk of AMR in immunized patients was sig-
nificantly higher in DSA-positive as compared to DSA-negative patients
(p � 0.01).

There was no significant difference in the prevalence of AMR between
patients with peak DSA of class I versus those with class II (p � 0.75).

Significance of DSA Strength
The risk of AMR occurrence was significantly more elevated in patients

with peak DSA scores 6–8 compared to those with a peak DSA score of 4
(p � 0.001). In non-desensitized patients, the prevalence of AMR in patients with
peak DSA scores 6–8 jumped to 69.2% but was only 5.6% for score 4. In desen-
sitized patients, the prevalence for AMR was 50% for strongly positive peak DSA
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(score 6–8). There was no significant difference in the incidence of AMR
between those patients without DSA (3.1%) and those with DSA score 4 (5%).

Significance of the Association DSA/CXM
32.6% of the patients with DSA identified pretransplant had a remote pos-

itive IgG T- or B-cell CXM. The relationships between peak or D0 DSA, the
presence of historic positive CXM and AMR occurrence is shown in table 1.
The presence of peak DSA increased significantly the risk of AMR (peak
DSA�/CXM� vs. peak DSA�/CXM–, p � 0.01).

In non-desensitized patients, the prevalence of AMR in patients with peak
DSA (score 4-6-8) associated with a remote positive CXM (peak
DSA�/CXM�) was 62.5%. This increased to 83.3% for strongly positive peak
DSA (score 6–8)/CXM�. In desensitized patients, the prevalence of AMR in
patients with peak DSA (score 6–8) with positive CXM was 66.7 and 25% with
negative CXM.
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Significance of D0 DSA
The detection of DSA at D0 in patients with prior positive DSA identified

on historic sera did not confer an additional risk of humoral rejection
(p � 0.33).

Pretransplant DSA in Patients with Acute AMR
Table 2 shows the evaluation of pretransplant DSA in the 21 patients with

AMR. Retrospective studies for pretransplant DSA on the peak sera were posi-
tive in 71.4% (15/21 patients). In 6 patients with historic negative CXM, we

Table 2. Pretransplant evaluation of DSA in patients with AMR

Group Sex Days 
to 
AMR

Sensitization 
history

Peak 
PRA 
%

Remote 
CXM

D0 
CXM

DSA peak serum DSA D0 Functional 
graft 
(end of 
follow-up)

DSA 
class I

DSA 
class II

DSA 
class I

DSA 
class II

Desensitized1

M     9 RG+BT 95 + IgGT/
CDC

IgGT/
AHG

Sc6–8 Sc6–8 Sc6–8 – yes

M    50 RG 93 – – Sc6–8 Sc6–8 – – yes
M     9 RG+BT 93 + IgGT/

CDC
– Sc6–8 Sc6–8 Sc6–8 – GF

M    96 BT 90 + IgGT/
AHG

IgGT/
AHG

Sc6–8 – Sc6–8 – yes

M     9 RG 80 + IgGT/
CDC

– Sc6–8 Sc6–8 Sc6–8 Sc6–8 GF

Non-desensitized
M    18 RG (2) 90 + IgGT/

AHG
IgGT/
AHG

Sc6–8 Sc6–8 Sc6–8 – GF

F    16 RG+P (3) 88 + IgGT/
CDC

– Sc6–8 – – – yes

F     7 RG+BT 85 – – Sc4 – Sc4 – yes
M    51 RG (2)+BT 80 + IgGT/

CDC
– – Sc6–8 – – yes

M    10 RG+BT 66 + IgMT/
CDC

– Sc6–8 Sc6–8 – Sc6–8 yes

F     3 RG+BT+
P (4)

13 + IgGB/
CDC

– Sc6–8 Sc6–8 – – GF

M    13 RG 36 – – Sc6–8 – – – yes
M    11 RG 30 + IgGTB/

CDC
– Sc6–8 Sc6–8 – Sc6–8 GF

F    34 BT 40 – – – Sc6–8 – Sc6–8 GF
M    15 RG+BT 17 – – – – – – yes
F    58 BT+P (3)  7 – – Sc6–8 – – – yes
M   840 BT  5 – – – – – – yes
F     8 BT+P  0 – – – – – – yes
M    57 ND  0 – – – – – – yes
M   730 BT  0 – – – – – – yes
M 1,750   0 – – – – – – yes
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identified pretransplant peak class I DSA by HD ELISA. Nine of 21 patients
(42.9%) had a historic positive IgG T- or B-cell CXM. In 9 patients the DSA
identified on the peak serum persisted at the time of the graft. Three patients
had a current positive AHG-CDC CXM.

Discussion

This study shows a highly significant association between the presence of
DSA detected pretransplant and the incidence of AMR, responsible for a
diminution of graft survival. The importance of pretransplant DSA is only now
being recognized, for historical reasons. Due to a series of studies in the 1980s
[12–16] which failed to show evident diminution of survival in patients trans-
planted with current negative but historic positive CDC T-cell crossmatches, the
concept of graft allocation exclusively on the basis of current crossmatch was
established. It was, in fact, the basis for graft allocation in our large cohort of
non-selected renal transplant patients, using the traditional direct cytotoxicity
assay (“standard crossmatch”) and AHG-CDC crossmatch, with a negative cur-
rent T- and B-cell crossmatch required as well. However, absence of proof is not
proof of absence, and Gebel et al. [16] later analyzing the literature on the role
of preformed DSA, found the question unresolved because of non-homogeneity
of the crossmatch techniques utilized and lack of documentation of relations
between the crossmatch, DSA, and the course.

In our study, 18.1% of transplanted patients had evidence of DSA before
transplant. Among them, 15 (34.9%) had an episode of AMR during their evo-
lution, a 9-fold increase over DSA-negative patients. We found no difference
in the incidence of AMR between patients with anti-class I or class II antibod-
ies. These results thus confirm the recent results of Pollinger et al. [17] and
emphasize the importance of the detection of DSA class II by solid phase sin-
gle HLA antigen assays. Technical limitations and the use of B-cell CXM as a
“surrogate” for the detection of class II DSA [16, 18, 19] had made the inter-
pretation of the importance of antibodies against class II HLA confusing. Our
results justify the close posttransplant surveillance of patients presenting class
II DSA pregraft, in the same fashion as those with class I DSA. The risk of
AMR was largely confined to patients with high (score 6–8) titers of DSA.
Only 1/20 patients (5%) with a low (score 4) titer had AMR (without loss of
the graft). This incidence is comparable to that of patients without DSA, 3.1%
(p � 0.75).

This study demonstrates the clinical significance of pregraft DSAs identi-
fied by the new techniques of HLA-specific ELISA assay. In our study, the pre-
dictive value of pregraft DSAs identified by ELISA with a negative historic
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crossmatch is 57.1% for high-titer (score 6–8) DSA, rising to 83.3% if associ-
ated with a historic positive CXM. For this population (DSA score 6–
8�/CXM�), the incidence of AMR remains quite high despite our therapeutic
approach consisting of peri-transplant administration of prophylactic IVIg at
levels reported to increase mid-term survival in patients considered at immuno-
logic risk [20]. The stratification of immunologic risk will thus permit evalua-
tion of other therapeutic strategies for such patients (transplantation with
permissible mismatches, use of anti-CD20 antibodies, etc.). Similarly, it has
been shown recently that patients with pretransplant HLA antibodies detected
only by microparticle-based flow cytometric assays flow microparticles have a
significantly higher risk of graft loss due to AMR than patients without
detectable antibodies [21]. Up to this point, several studies have shown a 15–
35% discordance between crossmatches negative by various techniques and
flow positive crossmatches [22–25]. Moreover, recently Patel et al. [26] have
demonstrated in a cohort of 60 living donor renal transplant recipients that the
presence of DSA pretransplant is associated with a significant increase in the
incidence of AMR, despite negative pretransplant cytotoxicity testing and
FCXMs. These data would suggest that in vitro CDC assays do not detect all
relevant complement-fixing antibodies. Even if their presence is not a
 contraindication to transplantation, the DSA identified pregraft uniquely by
sensitive techniques and lacking cytotoxicity in vitro represent a significant risk
factor, especially if they are present in high titer. They should thus be integrated
into the decision algorithms for immunosuppressive treatment in patients at
immunologic risk.

Our study underlines the clinical significance of HLA antibodies detected
only on historic sera, overriding the importance of D0 sera, since no patient
with AMR had DSA at D0 without prior DSA. It would appear that renal trans-
plant recipients with a negative AHG-CDC crossmatch but a positive ELISA,
possess an immunologic memory for donor antigens increasing the risk of both
early graft loss and of suboptimal long-term outcomes as well [27]. Another
study has also reported early graft loss in patients with current negative but his-
toric positive CDCCXM in whom flow cytometric approaches did not demon-
strate DSA on current sera [21].

This study demonstrates the importance of identifying and characterizing
the strength of pregraft DSA by sensitive techniques, as well as their associa-
tion to a remote positive crossmatch. The recognition of pregraft DSA identi-
fies a group with a 9-fold increased risk of AMR. Since in the absence of AMR,
graft survival of DSA-positive patients is the same as DSA-negative patients,
the presence of DSA should not be considered a contraindication to transplan-
tation, but careful monitoring is mandatory to allow early identification and
adapted treatment of AMR.
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Abstract
Intravenous immunoglobulin (IVIG) products are derived from pooled human plasma

and have been used for the treatment of primary immunodeficiency disorders for more than
24 years. Shortly after their introduction, IVIG products were found to be effective in the
treatment of autoimmune and inflammatory disorders. Rituximab (anti-CD20, anti-B-cell
monoclonal antibody) has also shown efficacy in the treatment of autoimmune and inflam-
matory disorders. We have recently described a beneficial effect of the combination of
IVIG � rituximab on the reduction of anti-human leukocyte antigen (HLA) antibodies with
subsequent improvement in rates of transplantation for highly HLA-sensitized patients as
well as a potent anti-inflammatory effect that is beneficial in the treatment of antibody-medi-
ated rejection. These advancements have enabled patients previously considered poor or
unreasonable candidates for transplantation to receive a successful transplant. Alternative
approaches to IVIG/rituximab-based desensitization include the addition of plasmapheresis
and possible splenectomy. Furthermore, new advancements in detecting donor-specific anti-
body and assessment of antibody-mediated injury to allografts (C4d staining) allow for early
detection of antibody-mediated rejection and early implementation of IVIG/rituximab ther-
apy to prevent allograft loss.

Copyright © 2009 S. Karger AG, Basel

Renal transplantation has long been recognized as the treatment of choice
for end-stage renal disease (ESRD), as it offers improved quality of life and sur-
vival [1–3]. As a result, the demand for donor kidneys continues to outpace the
supply. Currently, there are more than 76,000 ESRD patients on the deceased
donor waiting list, and almost 33,000 new patients register annually, yet fewer

The Highly Sensitized Patients
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than 17,000 kidney transplants are performed each year (based on OPTN data
as of August 13, 2008) [4]. As the demand for organs continues to exceed the
supply, the number of days spent waiting for a kidney transplant increases expo-
nentially, particularly for patients that are difficult to match secondary to hav-
ing broadly reactive human leukocyte antigen (HLA)-specific alloantibodies or
difficult to match blood types.

The disparity in waiting time experienced by these patients is a by-product
of an organ allocation policy adopted in the context of an ongoing organ short-
age crisis, which dictates that deceased donor kidneys are allocated to blood
type-compatible recipients who have a negative complement-dependent cyto-
toxic crossmatch with their donor. A positive crossmatch (�CMX) indicates the
presences of donor-specific alloantibodies (DSA) in the serum of a potential
recipient, and is associated with a rate of graft loss that exceeds 80% [5–7].
Alloantibodies develop following exposure to foreign HLA molecules, usually
through pregnancy, transfusion, and or transplantation. Similarly, anti-ABO
blood group antibodies or isoagglutinins develop in response to exposure to for-
eign blood groups, resulting in immediate graft loss [8]. Given the distribution
of blood types in the USA, any potential donor-recipient pair has a 35% proba-
bility of being blood type-incompatible.

While local and national efforts to increase organ donation have resulted in
incremental increases in the number of deceased donors annually, the increase
is unlikely to provide a large enough donor pool capable of supplying an ABO-
compatible and a perfectly matched donor for every potential recipient. The
scarcity of donor organs has contributed to the disenfranchisement of this group
of highly sensitized ESRD patients, and thus, in an effort to optimize organ
availability and offer the benefit of renal transplantation to these patients, sev-
eral transplant centers have developed protocols to overcome sensitization and
blood group incompatibilities.

As a result of these efforts, it is now possible to perform successful renal
transplantation in the presence of blood group incompatibilities and �CMX.
Two main desensitization regimens are currently utilized – low-dose intra-
venous immunoglobulin (IVIG) with plasmapharesis (PP) and high-dose IVIG.
Low-dose IVIG/PP has been used successfully in live donor renal ABO-incom-
patible and �CMX transplantation [9–13], while high-dose IVIG has been used
successfully in live �CMX transplantation and for highly sensitized patients on
the deceased donor list [14–18]. In the following sections, each desensitization
protocol will be discussed in the context of its clinical relevance and efficacy
with regard to controlling the alloimmune response. In addition to the standard
desensitization protocols, a discussion of several treatment adjuncts will be
done.
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Desensitization for ABO-Incompatible Transplantation

Initial outcomes following ABO-incompatible (ABOi) transplantation
were poor. It was not until the mid-1980s when Alexandre et al. [19] published
their series of 20 successful ABOi renal transplants that the procedure was
thought feasible. Their success was attributed to the addition of splenectomy to
their desensitization protocol, which included PP, azathioprine, anti-lympho-
cyte globulin, and steroids [20]. The need for splenectomy as part of a success-
ful protocol for ABOi renal transplantation was further supported by the work
of Tanabe et al. [21].

Subsequently, with the recognition of qualitative and quantitative differ-
ences in antigen expression between A1 and A2 individuals, specifically the
more favorable A2 phenotype is characterized by a lower density of antigen
expression and fewer available epitopes for antibody binding [22–25], the
need for splenectomy as part of a successful desensitization protocol was
questioned. Early reports indicated that successful engraftment across a blood
group barrier was possible without splenectomy, however the grafts suffered
from unacceptably high rates of antibody-mediated rejection (AMR) [9]. It
was not until the development of an anti-CD20 monoclonal antibody that
splenectomy-free protocols were developed [26, 27]. Sonnenday et al. [26]
demonstrated the ability of anti-CD20 to provide adequate transient protec-
tion during engraftment, thus coining the phrase medical splenectomy. The 6
patients reported in the series were treated with the Johns Hopkins standard
PP/IVIG desensitization protocol, and in addition, each patient received a sin-
gle dose of anti-CD20 monoclonal antibody on the final pre-transplant day of
PP/IVIG.

As a result of new and more powerful maintenance immunosuppression
therapies with B-cell anti-proliferative properties including mycophenolate
mofetil, the recognition that accommodation occurs after ABOi transplantation
[28], and the ability of post-transplant PP to reduce the risk of rejection by con-
trolling anti-agglutinin titers, excellent results after ABOi renal transplantation
are possible without the addition of B-cell-ablative therapies. In a single series
of 40 ABOi transplants performed at Johns Hopkins, 12 patients have been
transplanted across the blood barrier without the use of either anti-CD20 ther-
apy or splenectomy, and the Hopkins group has documented excellent results.
All 12 patients were desensitized using the standard Johns Hopkins desensitiza-
tion protocol, including pre- and post-transplant PP/IVIG and quadruple
sequential immunosuppression including mycophenolate mofetil, tacrolimus,
daclizumab, and steroids. The goal of pre-transplant PP/IVIG is to reduce
isoagglutinin titers to safe levels (�16) and avoid immediate graft loss due to
hyperacute rejection.
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At Cedars-Sinai Medical Center, we have adopted a protocol for ABOi
transplants that employs administration of 1 g rituximab for 1 week prior to ini-
tiation of PP, PP every other day 5 times followed by high-dose IVIG (2 g/kg
once). Our aim is to reduce anti-A/B titers to �1:8 prior to transplantation. This
protocol also yields excellent results with 100% graft and patient survival at
1 year in 14 patients treated.

Immunomodulation with IVIG: Desensitization of Highly HLA-
Sensitized Patients

Clinical Use of IVIG in Kidney Transplantation
Data from our group and others suggests that IVIG therapy given to highly

sensitized patients results in reduced allosensitization, reduced ischemia-reper-
fusion injuries, fewer acute rejection episodes, and higher successful long-term
allograft outcomes for cardiac and renal allograft recipients [14–17, 29–35]. We
and others have confirmed that pre-treatment with IVIG results in reductions of
anti-HLA antibodies, and is effective in treatment of allograft rejection
episodes [31–33]. We have also shown that IVIG is effective in reducing anti-
HLA antibody levels and significantly improving transplant rates in highly
HLA-sensitized patients in a controlled clinical trial [33].

The high-dose IVIG protocol developed at Cedars-Sinai evolved from our
experience in treating a highly sensitized child in 1991 [30, 33, 36]. This expe-
rience eventually led to the development of a controlled clinical trial of IVIG in
highly sensitized patients awaiting transplantation.

The NIH-IGO2 Study
This study was a multi-center, controlled clinical, double-blinded trial of

IVIG versus placebo in highly sensitized patients awaiting kidney transplanta-
tion. The study was designed to determine whether IVIG could reduce PRA lev-
els and improve rates of transplantation without concomitantly increasing the
risk of graft loss in this difficult to transplant group. This study represents the
only controlled clinical trial of a desensitization therapy.

Data from this trial was published [33]. Briefly, IVIG was superior to
placebo in reducing anti-HLA antibody levels (p � 0.004, IVIG vs. placebo)
and improving rates of transplantation. The 3-year follow-up shows the pre-
dicted mean time to transplantation was 4.8 years in the IVIG group vs. 10.3
years in the placebo group (p � 0.02). With a median follow-up of 3 years post-
transplant, the viable transplants functioned normally with a mean (�SE)
serum creatinine of 1.68 � 0.28 (IVIG) versus 1.28 � 0.13 mg/dl for placebo
(p � 0.29). Allograft survival was also superior in the IVIG group at 3 years.
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From this multicenter, double-blinded, placebo-controlled trial we concluded
that IVIG is superior to placebo in reducing anti-HLA antibody levels and
improving transplantation rates in highly sensitized ESRD patients. Even
though more acute rejection episodes were seen in the IVIG treatment group,
the 3-year allograft survival and mean serum creatinines were similar to the
placebo group. Transplant rates for highly sensitized ESRD patients awaiting
kidney transplants were improved with IVIG therapy.

Based on data generated from the NIH-IGO2 trial, we developed the fol-
lowing approach to desensitization at our center. For IVIG alone, we usually
give 4 doses of IVIG monthly (2 g/kg, maximum dose 140 g) until a negative or
acceptable (�225 channel shifts by flow cytometry CMX (FCMX)) is obtained.
We have also adapted this to use for highly sensitized deceased donor transplant
candidates who have been on the UNOS waitlist for �5 years, have a PRA of
�30% and who receive frequent offers for kidneys from donors with whom
they have a �CMX. Outcomes for patients transplanted after desensitization
with high-dose IVIG at our institution are outlined below.

Previous reports have shown increased acute rejection rates but acceptable
1-year graft survival after desensitization. However, questions remain regarding
the long-term durability of desensitization in preventing the loss of HLA-
incompatible transplants, especially with increasing evidence of the negative
impact of donor-specific antibodies (DSA) [37]. Between January 1994 and
May 2008, 169 HS patients underwent desensitization and transplantation using
high-dose IVIG, �/� rituximab, and/or plasmapheresis and were available for
evaluation. Our early experience (1994–2005) was with IVIG 2 g/kg monthly 4
times alone. CMXs were often positive at the time of transplant (FCMX�). The
average PRA was 52%; 39% were re-transplants; 42% were deceased donor and
58% were living donor. We examined the 1-, 3-, and 5-year graft patient sur-
vival rates, mean serum creatinine values of those with functioning grafts, and
causes of graft loss. Of the 169 HS patients, 150 patients (91.5% death-cen-
sored graft survival) had functioning grafts at 1 year. 14 grafts had failed, 2
were lost to follow-up and 3 had death with functioning grafts. Of 84 patients
with 3 years of follow-up, there were 64 functioning grafts (83.1%). At 5 years,
76.7% had functioning grafts, 10 had failed (4 lost to rejection, 1 lost to throm-
bosis, 4 lost to noncompliance and poor follow-up, 1 loss attributed to chronic
nephropathy). The average serum creatinine of the functioning grafts at 1, 3,
and 5 years were 1.36 � 0.51, 1.43 � 0.52, and 1.60 � 0.78 mg/dl, respec-
tively. Patient survivals were 97.6, 96.4, and 89.6% at 1, 3, and 5 years respec-
tively.

The 1-, 3-, and 5-year outcomes for patients undergoing desensitization
with high-dose IVIG compares to the reported UNOS graft survivals for
patients with PRAs of 0–9% and 10–79% versus the poorer outcomes for
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patients with PRAs of �80% [37]. The 5-year graft survival is also higher than
the 61% reported for those who developed DSA post-transplant. The majority
of failed grafts were lost to early acute rejection (within the first year). Late
failures were due to noncompliance or death with functioning graft. Overall, we
conclude, desensitization therapy with high-dose IVIG offers HS patients an
opportunity for successful long-term graft survival.

Low-Dose IVIG and PP
An alternative to high-dose IVIG is a combination therapy with low-dose

IVIG (100 mg/kg) and PP (PP/IVIG). PP/IVIG is limited however to live donor
kidney transplantation, as DSA will rebound within days of discontinuing ther-
apy which poses a problem when the timing of the transplant is not determined
as is the case with deceased donor transplantation. The components of the ther-
apy are thought to act in concert such that PP removes circulating DSA while
IVIG inhibits the function of residual DSA and limits the production of endoge-
nous alloantibody.

Montgomery et al. [12] first demonstrated the utility of PP/IVIG as pre-
emptive therapy to remove DSA in sensitized patients prior to renal transplanta-
tion. In the initial series, 4 patients (3 with flow �CMX, 1 with cytotoxic
�CMX) were successfully desensitized prior to receiving a kidney from their
live donor. Each patient was started on immunosuppression consisting of
tacrolimus and mycophenolate mofetil on the first day of PP, and received PP
with replacement of 1–1.5 plasma volumes using either 5% albumin or fresh-
frozen plasma. Immediately following each PP procedure, patients received
100 mg/kg IVIG. Induction therapy on the day of transplant included human-
ized monoclonal anti-IL-2 receptor antibody (daclizumab, Roche
Pharmaceuticals, Nutley, N.J., USA) and a steroid bolus with rapid post-opera-
tive taper. Since that report, 138 �CMX patients have been successfully desen-
sitized and transplanted with a 5-year death-censored graft survival of 81.1%
[R. Montgomery, unpubl. data, 2007]. Further, Montgomery and Zachary [38]
have demonstrated that the kinetics of antibody removal is consistent and that
the number of treatments necessary to reduce DSA to a level that is safe for
transplantation can be estimated from the starting titer.

Others have gone on to demonstrate successful desensitization and trans-
plantation of highly sensitized transplant patients using a similar PP/IVIG pro-
tocol. Gloor et al. [9] at the Mayo Clinic successfully transplanted 14 patients
with a �CMX using a modified version of the Hopkins protocol. The Mayo
protocol differs with regard to the use of a single pre-transplant dose of anti-
CD20, inclusion of splenectomy for all patients on the day of transplant, and the
use of rabbit anti-human T-cell polyclonal antibody (Thymoglobulin, Genzyme,
Boston, Mass., USA) in lieu of daclizumab. None of their patients suffered a
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cellular rejection, suggesting that more aggressive induction with T-cell-deplet-
ing agents may provide better control of T-cell alloreactivity.

IVIG � Rituximab for Desensitization
For patients who do not respond to IVIG alone or who have high-titer anti-

HLA antibodies, our group (Cedars-Sinai Medical Center) developed a new
protocol in conjunction with Genentech, Inc. The protocol involves the use of
IVIG (2 g/kg) followed by two weekly doses of rituximab (anti-CD20, anti-B-
cell) chimeric monoclonal antibody (1 g). Another 2 g/kg dose of IVIG is given
1 week after the final dose of rituximab. This protocol reduces the time of
desensitization using the high-dose IVIG protocol from 16 to 4–5 weeks. We
have just completed a phase I/II trial of this protocol and were able to transplant
80% of patients studied (16/20). The remaining patients are awaiting deceased
donor kidneys. Rejection rates are 50% while patient and graft survival at 1
year are 100/94%, respectively. Patients who received deceased donor trans-
plants waited 144 � 89 months (range 60–324) on the transplant waitlist before
receiving desensitization with IVIG and rituximab, but waited only 4.9 � 5.9
months (range 1.5–18) after treatment for a transplant.

This approach holds promise for more rapid desensitization with reduction
in costs and improved outcomes [39]. However, it will need to be investigated in
multicenter controlled trials.

Complications and Cost of IVIG Therapy
Unlike the use of IVIG in immunodeficiency, patients who are highly

HLA-sensitized require higher doses (1–2 g/kg/dose) to achieve a beneficial
outcome. The use of higher doses and concentrations of IVIG products results
in higher rates of infusion-related complications that were, at first, not antici-
pated and were poorly understood. We have recently reviewed the complica-
tions associated with IVIG infusions in patients with normal renal function and
those on dialysis [40]. Briefly, the safety of IVIG infusions (2 g/kg) doses given
over a 4-hour hemodialysis session, 4 times monthly versus placebo (0.1%
albumin) in equivalent doses was studied in the IGO2 trial [33]. There were
more than 300 infusions in each arm of the study using Gamimune N 10% ver-
sus placebo. Adverse events were similar in both arms of the study (24 IVIG vs.
23 placebo). The most common adverse event in the IVIG arm was headache
(52 vs. 24%, p � 0.056). This usually abated with reduction in infusion rate and
acetaminophen. Thus we concluded from this double-blind placebo-controlled
trial that high-dose IVIG infusions during hemodialysis are safe.

A retrospective analysis of infusion-related adverse events associated with
various IVIG products including Polygam®, Carimune®, Gamunex® and
Gammagard® Liquid found that adverse events could be related to differences
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in excipient content [40]. These are briefly reviewed below. The commonest
side effects encountered included acute renal failure with sucrose-containing
products, thrombotic episodes with hyperosmotic products containing saline as
an excipient and hemolysis with isosomlar liquid products.

IVIG and Acute Myocardial Infarction
Five cases of acute myocardial infarction (AMI) (p � 0.01) were seen in

patients who received Polygam 10%. All 5 patients had risk factors for cardiac
disease. Each patient developed symptoms during or shortly (3–5 h) after IVIG
infusion, which included shortness of breath and chest pain. The diagnosis of
AMI was confirmed by electrocardiogram and/or troponin elevations.
Polygam’s excipient is a sodium chloride solution with an approximate osmo-
lality of 1,250 mosm/l at 10%. The salt-based high-viscosity vehicle of this
product was likely responsible for initiation of the thrombotic event seen
(AMI).

IVIG and Acute Renal Failure
Eight cases of acute renal failure (ARF) (p � 0.001) were seen in patients

who received Carimune®, a sucrose containing IVIG. All 8 patients had identi-
fiable risk factors for ARF. Renal biopsy done in 1 patient was notable for acute
tubular necrosis and marked vacuolization of proximal tubular cells that were
attributed to IVIG/sucrose.

IVIG and Hemolytic Anemia
Since IVIG products are derived from the plasma of thousands of donors,

the possibility of these products containing significant titers of anti-blood
group (anti-A/anti-B) antibodies is great. Despite this, there are few reported
cases of acute hemolysis due to anti-A/B antibodies after IVIG infusions [41].
However, in our highly HLA-sensitized ESRD, we have noticed several
episodes of acute hemolysis following IVIG infusions on dialysis. This also
appears to be related to specific products. Nine patients with blood type A, B or
AB exhibited anemia due to hemolysis after receiving Gamunex 10%,
Gammagard Liquid 10% and PrIVIGen 10%. Seven of 9 patients required
blood transfusions; 5 of 9 tested positive by direct anti-globulin method.
Average pre- and post-IVIG hemoglobin values were 12.4 (10.3–13.5) g/dl and
7.8 (6–11) g/dl. Of note, the products involved are liquid products that have
higher anti-A/B titers than lyophilized products. Since most IVIG manufactur-
ers are now switching to liquid IVIG products with concentrations of 10%, we
feel that more episodes of acute hemolysis are likely and this should be a con-
sideration in patients receiving IVIG in high doses who are A, B or AB blood
group positive.
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IVIG is an expensive therapy and ultimately, insurers and hospitals ques-
tion the use of this drug for desensitization. The ultimate question relates to the
cost effectiveness of IVIG for desensitization. Data do exist in this regard [29,
33]. Currently, a 4-dose course of IVIG for a 70-kg person at 2 g/kg would cost
ca. USD 36,400. However, one must compare this to the cost of maintaining
patients on dialysis, which is the only other option. In the IGO2 study [12], the
calculated cost savings was ca. USD 300,000/patient transplanted versus those
who remained on dialysis for the 5 years of the study. Data from USRDS (2003)
also confirms that a considerable cost savings to Medicare is seen in highly sen-
sitized patients transplanted versus those who remain on dialysis [34].

Adjunctive Therapy

Splenectomy
Both ABOi and �CMX renal transplantation is associated with a higher

rate of AMR (30% in most series). In general, the episodes of AMR that do
occur tend to be mild and generally respond to additional PP/IVIG therapy.
However, it is important to rapidly identify and accurately diagnose AMR in
order to limit the injury sustained by the allograft. Early acute AMR is usually
accompanied by graft dysfunction and characteristic histologic findings includ-
ing acute tubular injury and neutrophil margination, C4d deposition in the peri -
tubular capillaries, and the presence of DSA. Protocol biopsies from ABOi
allografts typically reveal C4d deposition in the peritubular capillaries without
any evidence of antibody-mediated damage and in this context this finding may
be an indication of accommodation rather than rejection [26, 28]. In our experi-
ence, about 6% of patients undergoing desensitization will have a severe AMR
occurring in the first week post-transplant and accompanied by the sudden
onset of oliguria or anuiria. These grafts have been successfully rescued by
immediate splenectomy and reinitiation of PP/IVIG. In separate series, Kaplan
et al. [42] and Locke et al. [43] reported an immediate return of renal function
and 100% graft survival among patients undergoing severe AMR who received
rescue splenectomy.

Kidney Paired Donation
Kidney paired donation (KPD) offers an alternative to desensitization and

the opportunity for incompatible donor and recipient pairs to find compatible
live donors. Unfortunately, results from simulation studies indicate that fewer
than 50% of incompatible pairs will find a match even in a large KPD pool [44,
45]. Thus, KPD will not eliminate the need for desensitization protocols. It is
also possible to combine KPD and desensitization, and provide incompatible
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donor-recipient pairs a more favorable immunologic match with fewer barriers
to successful desensitization [46].

Discussion

Mechanism of Action of IVIG and Rituximab: Partners in
Immunomodulation?
IVIG is a complex preparation derived from the plasma of thousands of

donors thus ensuring a wide diversity of antibody repertoire. While the beneficial
effect of IVIG therapy is well documented in autoimmune diseases and immune
regulation [47], the mechanisms of action are incompletely understood. There are
numerous proposed mechanisms of action that may be relevant to the modifica-
tion of allosensitization. These include: (a) modification of autoantibody and
alloantibody levels through induction of anti-idiotypic circuits [29–33, 47]; (b)
inhibition of cytokine gene activation and anti-cytokine activity [47]; (c) anti-T-
cell receptor activity [47]; (d) Fc receptor-mediated interactions with antigen-pre-
senting cells to block T-cell activation [47, 48]; (e) anti-CD4 activity [47]; (f)
stimulation of cytokine receptor antagonists [47], and (g) inhibition of comple-
ment activity [47, 49–50]. Using the mixed lymphocyte culture system, we have
shown that IVIG can significantly inhibit T-cell activation and reduce the expres-
sion of CD40, CD19, ICAM-1, CD86, and MHC-class II on APCs in the MLR
[51]. The primary effect is on B-cells and indeed, we have demonstrated that IVIG
induces significant B-cell apoptosis in vitro through Fc receptor-dependent
mechanisms [51]. Samuelsson et al. [48] demonstrated that IVIG induces the
expression of Fc	RIIB, an inhibitory receptor on B-cells. Recently, Kaneko et al.
[52] showed that IVIG prevented anti-GBM nephritis in a mouse model by induc-
ing inhibitory (Fc	IIb and down-regulating the activating receptor Fc	RIV. These
exciting data suggest that the inhibition of antibody-mediated injury is regulated
by FcR interactions and is effective across species [48, 52]. More recent data by
Anthony et al. [53] from this group showed that all the beneficial effects of IVIG
could be recapitulated with a recombinant IgG Fc portion that was sialylated. The
authors feel that this therapeutic molecule precisely recapitulates the active com-
ponent of IVIG and could result in the development of an IVIG replacement with
improved activity and availability. In addition, Li et al. [54] demonstrated that
IVIG ameliorates antibody-mediated injury by inducing FcRn on endothelium.
Magee et al. [49] showed that IVIG treatment significantly prolonged the survival
of pig-to-baboon xenotransplants. This beneficial effect was through inhibition of
complement-mediated endothelial cell injury. IVIG inhibits the generation of
C5b-C9 MAC, thus preventing antibody-mediated injury. IVIG also inactivates
C3b and accelerate C3b catabolism [49, 50]. IVIG can inhibit the activation of
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endothelial cells in in vitro models of inflammation. Data by Bayry et al. [55]
suggest that IVIG inhibits the maturation and function of dendritic cells, impair-
ing their APC activity and inducing IL-10 production. These data are in concert
with data from our laboratory demonstrating similar effects on B cells [51].
Recently, Abe et al. [62] examined gene expression in patients with Kawasaki dis-
ease before and after high-dose IVIG infusion. Here, the immunomodulatory
effects of IVIG were likely mediated by suppression of an array of immune acti-
vation genes in monocytes and macrophages. Gill et al. [56] showed that IVIG has
direct inhibitory effects on leukocyte recruitment in vitro and in vivo through
inhibition of selectin and integrin functions. Others have also demonstrated a
potent effect of IVIG on suppression of vaso-occlusion by inhibition of leukocyte
adhesion in a mouse model of sickle cell disease [57]. More recently, Park-Min et
al. [58] showed that IVIG interacts with Fc	III on immune cells to down-regulate
IFN-	 receptors thus preventing g-IFN signaling. A recent paper by Kessel et al.
[59] showed that IVIG markedly enhances the differentiation, expansion and
effector functions of CD25�/CD4�/Fox-P3 � regulatory T cells. This exciting
data suggests a novel mode of action of IVIG that could be used to activate and
expand T-regulatory cell populations for suppression of inflammation in human
transplant populations. Stasi et al. [60] showed that patients with idiopathic
thrombocytopenic purpura had poor and defective T-regulatory cell populations.
However, this was restored to normal values after rituximab therapy. De Groot et
al. [61] also recently presented exciting data that may further clarify the
immunomodulatory actions of IVIG. These investigators showed that IgG Fc-
derived peptides were potent stimulators of natural T-regulatory cell development.
They suggest that this may be a critical pathway for the immunomodulatory and
anti-inflammatory actions of IVIG.

All of the above mechanisms of action have potential and real benefits in
the management of highly HLA-sensitized and ABOi transplant recipients both
pre- and post-transplant.

Conclusion

Experience with high-dose IVIG/rituximab and PP/low-dose IVIG desensi-
tization protocols among highly sensitized patients has established these strate-
gies as safe and viable alternatives to prolonged periods of dialysis while waiting
for a compatible deceased donor organ. It is clear that ABO incompatibility and
positive donor-specific crossmatches should no longer be considered contraindi-
cations to renal transplantation. It is clear that IVIG remains critical to all of the
above protocols and has made an important contribution to improving the oppor-
tunities for and success of organ transplants for highly sensitized patients.
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Abstract
Recent desensitization protocols using the combination of plasmapheresis (PP) or

immunoadsorption to remove donor-specific anti-HLA antibodies (DSA) and/or intravenous
immunoglobulin (IVIG) and rituximab to downregulate antibody-mediated immune
responses have made kidney transplantation feasible by abrogating cross-match positivity.
Despite good short-term patient and graft survival, acute antibody-mediated rejection (AMR)
continued to be an important barrier seen in 20–30% of patients receiving desensitization pro-
tocols and it is still not clear which protocol (high-dose IVIG, PP/low-dose IVIG), what type
of induction treatment (thymoglobulin, anti-IL-2R antibodies, alemtuzumab), or addition of
rituximab is better for the prevention of early acute AMR. Future prospective, multicenter, and
randomized trials are required to decide the ideal protocol for sensitized patients.

Copyright © 2009 S. Karger AG, Basel

Sensitization through pregnancy, previous blood transfusions, or organ
transplantation is an important obstacle for patients to receive a kidney trans-
plant. 15–20% of the patients on the waiting list for deceased-donor kidney
transplantation have anti-HLA antibodies and wait longer compared to non-
sensitized patients, and may not even receive a transplant. Some sensitized
patients may have living donor candidates, but transplantation cannot be per-
formed due to cross-match positivity. Recent desensitization protocols using
the combination of plasmapheresis (PP) or immunoadsorption (IA) to remove
donor-specific anti-HLA antibodies (DSAs) and/or intravenous immunoglobu-
lin (IVIG) and rituximab to downregulate antibody-mediated immune
responses have made kidney transplantation feasible by abrogating cross-match
positivity. In this review article I intend to review immunosuppressive protocols
in kidney transplant recipients with DSAs.

The Highly Sensitized Patients
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Immunosuppressive Agents Used for Desensitization Protocols

Sensitized patients with DSAs cannot receive a kidney transplant with
standard triple immunosuppressive medications that mainly inhibits T-cell lym-
phocytes but needs agents that directs antibody-mediated immune responses.
Therapeutic strategies for desensitization protocols include combinations of:
(1) removal of antibodies by PP or IA; (2) IVIG; (3) rituximab (anti-CD20), and
(4) splenectomy.

PP and IA techniques have been used to remove alloantibodies in sensi-
tized recipients in order to allow transplantation. PP is not specific for
immunoglobulin and removes all plasma proteins, including clotting factors,
and requires replacement with fresh frozen plasma and albumin. IA, employing
a Sepharose-bound staphylococcal protein A column with a high affinity for
binding IgG, was developed to remove antibodies in a variety of immune disor-
ders. The IA technique offers three advantages over PP: specificity, a greater
amount of antibody removal, and the elimination of the need to replace large
volumes of plasma. 3–6 courses of treatment with PP and IA results in more
than 90% reduction in plasma IgG levels. However, anti-HLA antibody titers
rebound and return to baseline levels within a few weeks after the completion of
PP or IA. IA is not approved by the FDA in the USA and used mainly in
Europe.

IVIG products have immunomodulatory effects and have been used in the
treatment of inflammatory and autoimmune disease. IVIG products are pre-
pared from IgG derived from thousands of donors and contain almost all anti-
bodies found in normal human serum. The mechanisms of IVIG are diverse and
inhibit the immune response at multiple pathways, including inhibition of the
activation and effector functions of complement, cytokine and chemokine cas-
cades, endothelial cell activity, T and B lymphocytes, natural killer cells, and
neutrophils, and modulation of dendritic cells [1].

IVIG use has been used in the field of transplantation since the 1990s, after
in vitro studies demonstrated the inhibition of anti-HLA lymphocytotoxicity of
sera from highly sensitized patients, and later in vivo studies showing decreased
titers of anti-HLA antibodies in patients treated with IVIG [2, 3]. The immedi-
ate mechanism of IVIG use in sensitized patients is believed to be the neutral-
ization of circulating anti-HLA antibodies through anti-idiotypic antibodies in
IVIG products. However, a study using 23 sera from sensitized patients demon-
strated that the predominant mechanism of IVIG is inhibition of complement
activation but not anti-idiotypic activity, where complement plays a main role in
antibody-mediated rejection (AMR) [4]. IVIG has been reported to bind C3b
and C4b, to decrease their deposition on the cell membrane, as well as neutral-
ization of C3a and C5a, thereby preventing the generation of C5b-C9 mem-
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brane-attack complex [5]. These are passive and non-specific mechanisms of
immune inhibition by IVIG, however the effects of IVIG on suppressing anti-
HLA production exceed its half-life, indicating it must initiate other active and
persistent downregulatory effects on the immune system. IVIG was demon-
strated to induce the expression of Fc�IIB, which is a negative regulatory recep-
tor on immune cells [6]. IVIG reduces or modulates CD19, CD20 and CD40
expression on activated B cells, and induce apoptosis. IVIG blocks IFN-� sig-
naling through suppression of expression of the IFNGR2 subunit of the IFN-�
receptor [7].

Rituximab is a chimeric murine/human monoclonal antibody that binds to
CD20 on pre-B and mature B lymphocytes and has been used for the treatment
of refractory or relapsed B-cell lymphomas. The mechanisms of rituximab for
the elimination of B cells include complement-dependent cytotoxixity (CDC),
antibody-dependent cellular cytotoxicity (CDC), and stimulation of apoptotic
pathways [8]. It takes 6–12 months for B-cell recovery after the completion of
the treatment. Rituximab has been used in transplant patients for the treatment
of posttransplant lymphoproliferative disease and acute AMR, as well as in
desensitization protocols of ABO-incompatible and cross-match-positive recip-
ients.

Splenectomy has been mainly used in desensitization protocols of ABO-
incompatible kidney transplant recipients, and rarely in sensitized patients.
Splenectomy removes a major source of lymphocytes, including antibody-
secreting B cells, B-cell precursor cells and plasma cells. However, the effect of
splenectomy on the immune system is permanent and puts patients at risk for
the development of life-threatening sepsis from encapsulated bacteria. Recent
studies used rituximab instead of splenectomy in ABO-incompatible kidney
transplant recipients.

Desensitization Protocols

Complement-Dependent Cytotoxicity T-Cell Cross-Match-Positive
Recipients
Positive CDC T-cell cross-match is an absolute contraindication for kidney

transplantation since its introduction in 1969 by Terasaki. Three desensitization
protocols have been used to abrogate cross-match positivity allowing kidney
transplantation: (1) high-dose IVIG (2 g/kg), (2) PP with low-dose IVIG (100
mg/kg), and (3) IA protocol.

Jordan et al. [9]. at Cedars-Sinai developed an in vitro test to determine
whether IVIG could inhibit cross-match positivity of patients’ sera. For those
who showed in vitro inhibition with IVIG received high-dose IVIG (2 g/kg) and
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underwent kidney transplantation if the CDC cross-match became negative.
Posttransplantation immunosuppression included induction treatment with two
doses of daclizumab, mycophenolate mofetil, tacrolimus and steroids. Patients
received another dose of IVIG (2 g/kg) 1 month after transplantation. The initial
results of 42 patients, where the cross-match was completely abrogated in 35
patients and 7 remained CDC negative but flow cytometry (FC) cross-match-
positive, showed that 13 patients (31%) developed acute rejection and 3 (7%)
lost the allograft due to rejection. Patient and graft survival rates were 98 and
89%, respectively, at 2 years. The Cedars-Sinai group switched their induction
treatment from daclizumab to thymoglobulin and reported the outcome of 97
kidney transplant recipients (43 deceased/54 living donors) [10]. While 2-year
graft survival was 84% in 58 daclizumab-treated patients and 90% in 39 thy-
moglobulin treated patients, acute rejection rate was 36% (22% AMR) and 31%
(21% AMR), respectively. The graft survival was poor in 9 daclizumab- and 5
thymoglobulin-treated patients who received transplantation despite both CDC
and FC cross-match positivity (44 and 40%, respectively) but excellent in 28
daclizumab- and 10 thymoglobulin-treated and CDC/FC cross-match-negative
patients (97 and 100%, respectively). Thymoglobulin-treated patients receiving
transplantation with CDC-negative but FC cross-match-positive demonstrated
higher graft survival (96 vs. 81%), but the result was not statistically signifi-
cant. Due to high incidence of acute rejection, the authors used alemtuzumab
for induction treatment in the following 54 patients [11]. However, still 35%
had acute rejection with 20% being acute AMR. These results indicated that
none of the three induction agents was effective in reducing the incidence of
acute AMR. However, the authors did not report DSAs of the patients and it is
not clear if patients with positive cross-match but negative DSA received trans-
plantation. A similar protocol using high-dose IVIG by Glotz et al. [12] suc-
cessfully desensitized 13 of 15 patients all of whom received kidney
transplantation with thymoglobulin induction treatment and none developed
acute rejection. Thymoglobulin is a more potent induction agent compared to
anti-IL-2R antibodies in terms of preventing acute rejection [13]. Its efficacy
may relate to effects on B cells, such as the ability to induce apoptosis of naive
and memory B cells in vitro and treat acute AMR, in vivo [14]. Alemtuzumab is
a humanized monoclonal antibody directed against the CD52 antigen, which is
expressed on all blood mononuclear cells. It is a powerful agent that profoundly
depletes T cells for several months, with less marked effects on B cells, natural
killer cells, and monocytes. Future multicenter and randomized studies are
required to reach a more definitive conclusion which induction agent to use in
sensitized patients.

The PP and low-dose IVIG protocol was initially started at John Hopkins
Medical Center in the late 1990s in CDC T-cell cross-match-positive living
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 kidney transplant recipients [15]. Patients received PP and IVIG 100 mg/kg
after each session along with tacrolimus and mycophenolate treatment before
the transplantation. Patients receive transplantation if the cross-match became
negative with daclizumab induction treatment (1 mg/kg every 2 weeks for a
total of 5 doses) and continued for 2–5 sessions of PP after transplantation,
depending on the titers of DSA. Montgomery et al. [16, 17] initially reported
the results of this protocol in two articles involving 4 and 49 patients. Using a
similar protocol, Schweitzer et al. [18] successfully desensitized 11 out of 15
patients to allow successful kidney transplantation. However, the acute rejection
rate was high (36%).

Stegall et al. [19] at Mayo Clinics have used both methods in CDC T-cell
cross-match-positive recipients. 13 patients received high-dose IVIG (group I),
32 patients PP, low-dose IVIG and rituximab (group II), and 16 patients PP,
low-dose IVIG, rituximab and pretransplant thymoglobulin combined with
posttransplant DSA monitoring (group III). While only 5 out 13 (38%) high-
dose IVIG-treated patients achieved a negative cross-match, 84 and 88% of
group II and III patients achieved a negative cross-match. The acute rejection
rate was 80% in group I and 37 and 29% in groups II and III, respectively. The
authors concluded that no regimen was completely effective in preventing
AMR. The same group previously reported 14 cross-match-positive patients
receiving a desensitization protocol with PP, IVIG, rituximab and splenectomy
[20]. Despite adding splenectomy, 6 patients (43%) developed AMR.

Higgins et al. [21] used IA immediately before cadaveric kidney transplan-
tation in 12 CDC or FC cross-match-positive patients. There were 13 rejection
episodes in 9 patients and 7 grafts were surviving at a median 26 months of fol-
low-up. Another study using IA reported 33% C4d-positive graft dysfunction in
40 cadaveric kidney transplant recipients [22].

These studies documented that AMR continued to be an important barrier
seen in 20–30% of patients receiving desensitization protocols and it is still not
clear which protocol (high-dose IVIG, PP/low-dose IVIG), what type of induc-
tion treatment (thymoglobulin, anti-IL-2R antibodies, alemtuzumab), or addi-
tion of rituximab is better for the prevention of early acute AMR.

Complement-Dependent Cytotoxicity B-Cell and/or Flow Cytometry
T/B-Cell Cross-Match-Positive Recipients
While CDC T-cell cross-match positivity is an absolute contraindication to

kidney transplantation, the clinical significance of CDC B-cell or FC T- and/or
B-cell cross-match positivity is less clear. Most studies have demonstrated
increased acute cellular, antibody-mediated, and chronic rejection and graft loss
in those patients [23]. We previously reported our initial experience using low-
dose IVIG (300 mg/kg) and thymoglobulin induction treatment in 15 patients
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[24, 25]. Due to early AMR in 3 patients, the IVIG dose was increased to a total
of 2.0 mg/kg in subsequent patients [26]. However, 4 acute AMR episodes were
observed in 12 patients (25%). The median fluorescence intensity (MFI) values
of Luminex flow beads showed that all patients with acute AMR had strong
DSAs (MFI �6,000). After this experience, patients with strong DSAs received
PP. Living-donor kidney transplant candidates received 4–8 sessions of pre-
transplant PP over 2–3 weeks and underwent transplantation after the MFI val-
ues of DSA decreased to �6,000. Deceased-donor kidney transplant recipients
with DSAs received 3 sessions of PP every other day starting on postoperative
day 1. This protocol change resulted in a dramatic decrease in the acute AMR
rate to 7% in the following 14 patients with strong DSAs.

Our results demonstrated the importance of determining the strength of
DSAs before transplantation to decide the type of desensitization. The strength
can be determined as titers by the CDC method, however, HLA-antigen-coated
flow bead assays are more sensitive and specific, and Mizutani et al. [27]
demonstrated that titers of alloantibodies correlated to maximum fluorescence
emission values obtained by Luminex. A significant decrease in AMR inci-
dence in our patients with the addition of PP indicated that using high-dose
IVIG is better than the low-dose IVIG plus PP combination, probably due to
increased immunomodulatory effects with high-dose IVIG.

Posttransplant Monitoring of Sensitized Patients

Some of the studies using desensitization protocols followed patients’
DSAs after transplantation. Montgomery et al. [17] followed up DSAs of 49
kidney transplant recipients who underwent a desensitization protocol of
PP/low-dose IVIG, and demonstrated that 63% lost DSAs at the end of the
treatment, and 89% two or more months after the end of treatment. However,
the Mayo Clinic group showed that the majority of their desensitized patients
who received PP/low-dose IVIG continued to have low levels of DSAs [28]. In
our study, 52% of patients lost DSAs completely, and 30% lost some of their
DSAs or decreased DSA strength, indicating that both methods, high-dose
IVIG alone or PP/high-dose IVIG, are effective in downregulating antibody
production [26].

One of the long-term problems in patients receiving desensitization proto-
col is transplant glomerulopathy (TGP) and chronic AMR. Two recent studies
by Gloor et al. [29] and Anglicheau et al. [30] documented 22 and 28% TGP at
12-month protocol biopsies of patients receiving desensitization protocols,
respectively. These studies showed the importance of protocol biopsies to fol-
low-up desensitized patients after transplantation.
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Conclusion

Desensitization protocols using the combination of PP, IA, IVIG, and rit-
uximab have made kidney transplantation feasible by abrogating cross-match
positivity and demonstrated good short-term patient and graft survival.
However, acute AMR continued to be an important barrier seen in over 20–30%
of patients receiving desensitization protocols, and those patients are at higher
risk for development of TGP and chronic AMR. Future prospective, multicen-
ter, and randomized trials are required to decide the best protocol for sensitized
patients.
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Abstract
Background: Successful ABO-incompatible (ABOi) kidney transplantation of non-

A2 renal allografts requires preconditioning to reduce anti-blood group antibody to safe lev-
els in order to avoid hyperacute rejection. Unfortunately, early post-transplant acute
antibody-mediated rejection remains a problem in these patients and can result in rapid graft
loss. A number of investigators have encountered ABOi recipients who have had no evidence
of allograft injury in the setting of elevated titers of anti-ABO antibody, a protective phe-
nomenon that has been termed ‘accommodation’. Little is known about the time course of
accommodation. We report a case of a successful ABOi renal transplant recipient who had
evidence of accommodation within the first week following transplantation. Case Report:
The patient is a 36-year-old, highly sensitized blood group O woman who underwent live
donor transplantation from her human leukocyte antigen-identical blood group A1 brother
following therapy with plasmapheresis and low-dose intravenous immunoglobulin for an ini-
tial anti-A anti-human globulin antibody titer of 512. Within the first week following trans-
plantation, her anti-A titer rose to 128 without change in her renal function. At 1 month
following transplantation, her anti-A titer had risen to 256 at which time a biopsy was per-
formed that demonstrated no evidence of antibody-mediated rejection. Conclusion: This
patient demonstrates that accommodation of the renal allograft following ABOi transplanta-
tion may take place in the early postoperative period in the setting of high titer antibody. The
implications for postoperative management of the ABOi patient and the need for future
investigation in this area are discussed.

Copyright © 2009 S. Karger AG, Basel

ABO-Incompatible Kidney Transplantation
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ABO-incompatible (ABOi) renal transplantation without appropriate pre-
conditioning has historically been associated with poor outcomes due to severe
antibody-mediated rejection (AMR) [1]. The development of preemptive strate-
gies for the reduction of anti-blood group antibody (isohemagglutinins) prior to
transplantation has permitted the blood group barrier to be crossed with
 outcomes similar to ABO-compatible transplants [2]. Alexandre and colleagues
[3] reported an initial series of patients who underwent preoperative plasma-
pheresis (PP) followed by ABOi renal transplantation under antilymphocyte
globulin, azathioprine and corticosteroid immunosuppression, demonstrating
that ABOi transplantation was possible without hyperacute rejection and that
highly successful engraftment rates could be achieved over the first year fol-
lowing transplantation (88% in living donor recipients at 1 year), a period dur-
ing which the incidence of acute AMR is the highest among recipients of ABOi
allografts.

A number of programs have successfully employed antibody depletion
strategies using PP or immunoadsorption and intravenous immunoglobulin
(IVIg) [3–9]. Refinements in immunosuppressive regimens and increased
experience with preconditioning strategies have resulted in excellent renal allo-
graft outcomes with 1-year allograft survival rates of approximately 90%
across these institutions. These excellent results occur despite the fact that vir-
tually all recipients of ABOi grafts continue to show a persistence of isohemag-
glutinins, and in some cases, high titer anti-blood group antibody. The presence
of circulating anti-donor antibody without evidence of allograft injury is a phe-
nomenon that has been referred to as ‘accommodation’. These recipients fre-
quently have deposition of the complement split product, C4d, on surveillance
biopsies in the absence of histologic evidence of inflammation [10–12]. Both of
these findings differ from the experience in recipients with donor-specific anti-
human leukocyte antigen (anti-HLA) antibody where an elevation in antibody
titer is usually accompanied by histologic evidence of AMR as well as C4d
deposition.

The process of accommodation is poorly understood among patients
receiving ABOi allografts. Elevations in isohemagglutinin titers during the first
month after the transplant have been considered a harbinger for impending
AMR, and efforts have been made to rapidly lower the titer back to a level of
�16. Specifically, little is know about the time course for the establishment of
durable accommodation. Here, we report a case of an ABOi recipient who had
an early, rapid rebound of anti-A antibody to a titer of 256 while maintaining
normal allograft function and a biopsy free from histologic features of AMR,
demonstrating that accommodation may in some cases take place within the
first week after transplantation.
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Methods

PP/Cytomegalovirus Immunoglobulin Preconditioning
The PP/cytomegalovirus immunoglobulin treatment protocol (PP/IVIg) was approved

by the Johns Hopkins University Institutional Review Board and has been described previ-
ously [7]. Briefly, tacrolimus (target trough level 10–12 ng/dl) and mycophenolate mofetil (2
g per day) were initiated on the first day of PP. Every other day, PP was delivered using a
COBE Spectra (Gambro BCT, Lakewood, Colo., USA) apheresis unit. During each session,
1–1.5 plasma volumes were removed with 100% volume replacement using either 5% albu-
min solution or fresh frozen AB plasma. Cytomegalovirus immunoglobulin (CytogamTM,
MedImmune, Inc., Gaithersburg, Md., USA) was used as the source of the IVIg and was
administered intravenously at 100 mg/kg immediately following each PP treatment.

Measurement of Isohemagglutinin Titer
Anti-A blood group antibody titers were determined using standard serologic tech-

niques [13]. Serial dilutions of the patient’s plasma were prepared in 0.9% saline. Group A1
indicator cells were added, and tests were incubated at room temperature for 30 min, at 37�C
for 30 min, and were then converted to the anti-human globulin (AHG) test phase. The reci-
procal of the highest dilution demonstrating agglutination at the AHG phase was considered
to be the titer endpoint.

Histology
Renal specimens were obtained by percutaneous biopsy and fixed in 10% formalin. All

specimens were stained with hematoxylin and eosin using standard techniques. Explanted
spleens from patients who either had or had not received anti-CD20 were likewise fixed in
10% formalin. Immunohistochemistry was performed on representative splenic sections
with antibodies to detect the plasma cell marker CD138 and the B-cell marker CD20
(Ventana Medical Systems Inc., Tuscon, Ariz., USA).

Clinical Course

The recipient is a 36-year-old Caucasian woman with end-stage renal dis-
ease secondary to type 1 diabetes mellitus, for which she underwent a previous
combined kidney and pancreas transplant procedure in 1996. Both organs failed
as a result of chronic rejection and were removed in 2001. Consequently, she
returned to hemodialysis for the next 44 months. She has myriad complications
from her diabetes, including retinopathy, peripheral neuropathy and severe gas-
troparesis, for which she has received jejunal tube feedings for 3 years. She was
running out of vascular access and had a groin Davol catheter at the time she
was referred to our program.

On presentation to our institution in 2004, the patient was highly sensitized
with a panel-reactive antibody level �90%. Her HLA-identical ABOi brother
(donor blood type: A1; recipient blood type: O) came forward and was cleared
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for donation. Her anti-A AHG titer was 512 at the time she began a regimen of
PP/IVIg preconditioning therapy (fig. 1). After 7 treatments, her isohemagglu-
tinins plateaued at a titer of 64 and she was given a dose of anti-CD20
(Rituximab, Genzyme, Cambridge, Mass., USA; 375 mg/m2 BSA IV). After
her dose of anti-CD20, she rebounded again to a titer of 256. She underwent 3
more PP/IVIg treatments every other day without improvement in her titers.
Therefore, 23 days following the initiation of PP/IVIg treatment and 1 week
after administration of anti-CD20, the recipient underwent splenectomy with-
out complications. CD20 (fig. 2b) and CD138 (fig. 2d) immunohistochemistry
was performed on this specimen and compared with a normal control spleen
removed from a non-anti-CD20-treated ABOi recipient at the time of transplan-
tation (fig. 2a, c). As can be observed, a marked reduction in the CD20� B-cell
compartment was observed; however, as expected, there was no evidence of
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Fig. 1. Anti-A antibody titer during the pre- and postoperative treatment period. The
first titer bar (broken by slashes) represents an anti-A antibody titer of 1:512. Interventions
included PP/IVIg treatment (arrows), PP/IVIg treatment with AB plasma for replacement
volume (arrows with *), anti-CD20 infusion (R), splenectomy (S) and renal transplant (T).
Clinical events included discharge from hospital (D), readmission (H) and biopsy without
evidence of acute AMR (B).
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decline in the CD138� plasma cell population with stained cells found in sim-
ilar distributions and number compared with the control spleen specimen.

Following splenectomy, 4 additional PP/IVIg treatments were necessary to
reduce the recipient’s antibody titer to the target level of 16, and the patient
underwent transplantation the day following her 16th PP/IVIg treatment.
Intraoperatively, she received the first of 5 doses of anti-interleukin-2 receptor
antibody (2 mg/kg on the day of transplantation, 1 mg/kg every other week
thereafter for a total of 5 doses; Zenapax, Roche Pharmaceuticals, Nutley, N.J.,
USA) and a bolus dose of methylprednisolone with a rapid postoperative
steroid taper. The kidney allograft functioned immediately after transplantation,
with production of urine in the operating room. She underwent her first proto-

a b

c d

Fig. 2. CD20 and CD138 immunohistochemistry. The recipient received a single pre-
operative dose of anti-CD20 that preceded splenectomy by 1 week. Immunohistochemistry
was performed for CD20 in a normal control spleen removed from an ABOi patient at the
time of transplantation (a) and from the patient treated with anti-CD20 (b) demonstrating a
dramatic reduction in splenic CD20� cells. Immunohistochemical staining for CD138
demonstrated similar plasma cell numbers in both control (c) and anti-CD20-treated (d)
splenic sections. The recipient’s splenic architecture was normal by hematoxylin and eosin
staining (not shown).
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col postoperative PP/IVIg treatment on postoperative day 1 and, despite ongo-
ing treatment over the first week following transplantation, she experienced a
progressive rise in anti-A blood group antibody from a titer of 16 to 128 in the
setting of a Candida glabrata femoral catheter infection (fig. 1). Despite this
rise in antibody titer, the recipient demonstrated no evidence of a decline in
renal function with serum creatinine levels that remained stable in a range
between 0.4 and 0.7 mg/dl (fig. 3), and she was successfully treated with a stan-
dard course of caspofungin and catheter removal (Merck Inc., Whitehouse
Station, N.J., USA).

With resolution of her fungemia and addition PP, the recipient’s titers
rapidly declined to a range of 32–16, and she was discharged home on postop-
erative day 17 at which time she continued PP/IVIg on an outpatient basis to
prevent further escalation in her isohemagglutinins. She continued to rebound
between treatments to titers as high as 128. On postoperative day 31, her titer
reached 256, and we readmitted her for biopsy. Her creatinine was stable (fig.
3). The histologic findings and immunofluorescent staining for C4d are pre-
sented in figure 4. The patient was found to have a Banff 2A acute cellular
rejection. Notably, the peritubular capillaries were observed to stain diffusely
for C4d (fig. 4a); however, there was no evidence of neutrophil margination
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Fig. 3. Renal function. Despite a rebound in the anti-A blood group titer early follow-
ing transplantation, the recipient maintained excellent renal function throughout her postop-
erative course. 
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within the peritubular capillaries or other histologic evidence of AMR (fig. 4b).
The patient was treated for acute cellular rejection with a short course of pulse
dose corticosteroids with a rapid taper. PP was discontinued in response to the
biopsy findings, and no further attempts were made to lower her antibody titers.

The patient is presently 3 years after transplantation and has maintained an
anti-A titer between128 and 256. Her serum creatinine level has remained
between 0.4 and 0.9 mg/dl throughout this post-transplantation follow-up
period.

Discussion

Accommodation of the renal allograft to anti-ABO blood group antibody
has been observed in recipients of ABOi renal transplantation; however, the
temporal relationship of the onset of accommodation to implantation of the
organ remains unknown. The governing paradigm for the last 20 years has been
that long-term B-cell suppression through splenectomy and/or anti-CD20 ther-
apy was necessary to prevent AMR which could occur at any time but princi-
pally during the first year. The assumption has been that accommodation is a
slow process, and early rises in isohemmaglutinins were associated with AMR.
In this report, we demonstrate that accommodation can occur very rapidly, i.e.
within the first week following transplantation in the setting of antibody titers
as high as 256. These findings have implications for the management of ABOi

a b

Fig. 4. Renal allograft histology in the presence of an anti-A titer of 256. a Diffuse per-
itubular capillary C4d staining was demonstrated on a surveillance biopsy 34 days following
transplantation (the anti-A antibody titer at the time of biopsy was 256); however, the patient
maintained normal renal function as demonstrated in figure 3. b Hematoxylin and eosin
staining of the renal specimen demonstrated evidence of Banff 2A acute cellular rejection
without evidence of acute AMR. These histologic findings support the diagnosis of accom-
modation in this patient.



Allen/Simpkins/Segev/Warren/King/Taube/Locke/Baldwin/ 42
Haas/Chivukula/Montgomery

renal allograft recipients in the postoperative period and provide guidance for
future investigations of mechanistic aspects of this phenomenon.

While hyperacute rejection has largely been eliminated as a result of pre-
conditioning protocols that reduce antibody titer to levels known to be safe
before transplantation, AMR remains problematic in recipients of ABOi grafts.
Anecdotal evidence suggests that there is persistence of blood group carbohy-
drate antigens on the renovascular endothelium over the first month following
transplantation [14, 15]. In the setting of sufficient antibody titer, acute AMR
takes place through a complement-mediated mechanism, resulting in deposi-
tion of the complement split product, C4d, on the vascular endothelium [10–12,
16–18]. AMR rates of approximately 30% have been reported by a number of
groups [3–6, 19, 20]. The largest ABOi renal transplantation experience to date
has taken place in Japan where deceased donor transplantation is not commonly
performed. A recent report of over 400 ABOi recipients by the Japanese ABO-
Incompatible Kidney Transplant Committee showed rates of overall acute rejec-
tion of �50%, though the rate of AMR alone was not specified [21]. In our
series, 25% (8/32) of ABOi renal allograft recipients have had evidence of
AMR. Of these, 4 cases were subclinical and identified on a protocol biopsy.
We have found that AMR in ABOi patients frequently occurs early following
transplantation, generally within weeks of the operation, and that it is rapidly
reversible with reintroduction of PP/IVIg treatment [4]. To date, there have not
been any allograft losses in our series as a result of AMR. A similar number of
patients have had a rise in antibody titer above 32 in the postoperative period
without evidence of compromised renal function (5/32, 15.6%). Gloor and col-
leagues [5] reported 3/18 (16.7%) ABOi recipients with anti-ABO titers �32
without AMR at 1–3 months following transplantation, and an additional 3
patients whose titers rose above that level within 1 year postoperatively (total
6/18, 33%). Presently, it is not possible to distinguish between the patient who
will undergo accommodation and the one in whom a rise in isohemagglutinin
titers is associated with AMR. All of the patients in our cohort have persistent
isohemagglutinins after ABOi transplantation, but the majority remain at a low
level (titer �16) [4]. Early rises in isohemagglutinin titers have been associated
with AMR.

The presence of circulating anti-ABO antibody in the absence of graft
injury following transplantation was first observed by Alexandre and col-
leagues [3] in their series of ABOi renal transplant recipients in the 1980s, and
the term ‘accommodation’, was first proposed by Platt and Bach [22] in the
early 1990s. This protective mechanism appears to be independent of the strat-
egy used for preconditioning as it has been documented following PP and
immunoadsorption-based regimens, including the recently reported use of anti-
gen-specific immunoadsorption columns [23]. At the time this patient was
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transplanted, most groups were still performing routine splenectomy.
Accommodation has also been found to occur in recipients who undergo
CD20� B-cell depletion with anti-CD20 rather than splenectomy [6, 7] and in
ABOi recipients who have received neither splenectomy nor anti-CD20 treat-
ment [24].

The capacity of the accommodated graft to protect against antibody-medi-
ated injury is remarkable. In our own experience, there are a number of recipi-
ents who have maintained excellent graft function with isohemagglutinin titers
�32, and as high as 256, as seen in this case. All of the patients in our ABOi
cohort had their isohemagglutinin titers lowered to �16 prior to the transplant.
When it does occur, generally, the rise in titers happens during the first 3
months following transplantation. In our experience, the patient in this report is
unusual because of how rapidly and how high the antibody titer rose in the
immediate postoperative period. We have observed rises in anti-HLA antibody
in the setting of a concurrent infectious process, and this patient experienced
fungemia at the time of the rise in isohemagglutinin. She also had significant
rebounding antibody titers during the pretransplant PP period. Within the first
postoperative week, the patient’s anti-A titer jumped to 128 without evidence of
clinical dysfunction, and a surveillance biopsy 1 month following transplanta-
tion when the titer had increased to 256 showed no evidence of AMR.

Recent mechanistic hypotheses have suggested that accommodation
results from expression of anti-inflammatory and/or antiapoptotic gene prod-
ucts. Bach and colleagues [25] have investigated the hypothesis that upregula-
tion of heme oxygenase-1 can mediate accommodation through inhibition of
apoptotic cellular injury of graft endothelium. In vitro findings on the cytopro-
tective effects of Bcl-2 and Bcl-xl upregulation in the presence of cytotoxic
xenoreactive antibody have provided another set of potential gene products with
the capacity to provide protection in the setting of antibody that targets a carbo-
hydrate antigen [26]. Additional support for a genetic mechanism was provided
by clinical microarray findings that demonstrated significant changes in the
expression of over 400 intragraft genes between 3 and 12 months following
ABOi renal transplantation [27]. Interestingly, within this range of time follow-
ing the transplant procedure, HO-1, Bcl-2 and Bcl-xl were not among the genes
that were found to differ with pretransplant expression levels. Alternative
hypotheses have addressed the potential role of complement inhibitors, anti-
inflammatory activities of complement split products and the possibility that
circulating A or B antigen linked to von Willebrand factor serves as a decoy for
the antibody [for a review, see ref. 28]. There has also been speculation that
decreased glycosyltransferase activity in the donor graft may play a role in this
process [29]. While much of the focus to date has been on the role of the allo-
graft in accommodation, Ishida and colleagues [30] demonstrated a reduction
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in the binding of accommodated recipient serum to donor erythrocyte cell wall
preparations in a comparison of 2 accommodated ABOi recipients with 2 ABOi
recipients who encountered AMR within the first month following transplanta-
tion. Our group has demonstrated that the post-ABOi phenotype characterized
by diffuse C4d deposition in the peritubular capillaries in the absence of a his-
tologic finding of AMR is associated with lower chronicity scores on 1-year
protocol renal biopsies [31]. Clearly, much more work is necessary to clarify
the molecular mechanisms that support allograft protection in the setting of
anti-ABO antibody. This case supports a temporal sequence of changes that
occur on the scale of days following the transplant procedure and suggests that
the mechanistic alterations in the donor graft or recipient may be detectable in
this early post-transplant period.

The suggestion that accommodation may take place early after transplanta-
tion is an encouraging finding and suggests that, at least in some recipients, the
goal of durable antibody suppression through the use of splenectomy or anti-
CD20 may not be necessary in patients who are closely followed on an antibody
reduction protocol in the postoperative period. We have reported our success
with this approach and feel that, in select patients, this may represent the least
harmful course of postoperative management by limiting the infectious compli-
cations associated with splenectomy and avoiding the long-term suppression of
humoral immunity that occurs as a result of anti-CD20 treatment [24]. Wider
acceptance of this approach to the management of the ABOi patient and
improved long-term outcomes in this recipient population is dependent upon
elucidation of the mechanism that underlies the accommodation process and
identification of allograft and/or recipient phenotypes that promote accommo-
dation so that we can minimize immunosuppression and identify best practices.
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Abstract
Several protocols have been developed to effectively overcome the blood group barrier

in renal transplantation. In the evolution of these protocols, one of the latest steps was the
combination of anti-CD20 treatment with antigen-specific immunoadsorptions. Over the last
years we have learned that these relatively new protocols carry very promising short-term
and intermediate-term results which compare favorably to the outcome of ABO-compatible
living donor transplantations. Latest reports suggest that combining immunoadsorptions
with rituximab does not result in an increased risk of infectious complications or tumors in
the first years after transplantation compared to ABO-compatible living donor transplanta-
tions. We recently demonstrated that a majority of patients with isoagglutinin titers �1:128
can be safely transplanted using rituximab and immunoadsorptions without an added risk of
early antibody-mediated rejections. We have also shown that a cost saving ‘on-demand strat-
egy’ of postoperative immunoadsorptions based on careful titer monitoring can be used as an
alternative to preemptively scheduled immunoadsorptions. Although rituximab and antigen-
specific immunoadsorptions are significantly less invasive than splenectomy and plasma-
pheresis, long-term follow-up of patients treated with a combination of anti-CD20 antibody
and antigen-specific immunoadsorption will be needed to benchmark this therapeutic option
in relation to more established protocols.

Copyright © 2009 S. Karger AG, Basel

Why Transplanting Across the Blood Group Barrier?

Despite a slight increase in the number of cadaveric kidney transplantations
performed in Germany in recent years [1], a substantial demand for additional kid-
ney grafts remains unmet and most ESRD patients still face waiting times of

ABO-Incompatible Kidney Transplantation
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5 years or more, adversely affecting quality of life and long-term survival of these
patients. Most transplant centers worldwide are struggling with the same dilemma.

Living donations are an important key to widen the supply of organs. Yet,
approximately 20% of otherwise suitable donors had to be denied organ dona-
tion due to ABO incompatibility in the past. Early attempts of deliberately
transplanting blood group-incompatible kidneys were quickly abandoned when
it became evident that a majority of incompatible grafts was lost due to the early
occurrence of hyperacute rejections induced by the presence of circulating
isoagglutinins [2].

International Experience

It was not until the 1980s when the advent of new immunosuppressive med-
ications and the development of modern apheresis techniques sparked the rein-
vestigation of ABO-incompatible transplantations [3, 4]. It now seemed feasible
to effectively eliminate the detrimental isoagglutinins from the circulation.
Splenectomy was an important feature of immunosuppressive regimens in these
early series of patients. In a recent report, long-term follow-up data on 38
patients was presented by the group formerly led by Alexandre [5]. Alongside
splenectomy, the immunosuppressive regimen comprised plasmapheresis,
steroids, ciclosporine, azathioprine, ATG and donor-specific platelet transfu-
sions. Despite a significant incidence of early acute and hyperacute rejections
during the first postoperative days, these researchers reported on graft survival
rates in adult patients at 2, 5, 10 and 15 years of 77, 77, 64 and 59%, respectively.

The largest wealth of experience on the topic of ABO-incompatible kidney
transplantation was acquired in Japan. The group of Takahashi [6] performed
more than 564 ABO-incompatible living donor kidney transplantations between
1989 and 2003. In this cohort, overall patient survival rate at 1, 3, 5 and 10 years
after transplantation was 94, 91, 88 and 81%, with overall graft survival rates of
86, 82, 74 and 53%, respectively. In this study, 1,055 patients who received
ABO-compatible kidneys from living donors in Japan between 1985 and 1995
served as control subjects. Despite an inferior graft survival in the ABO-incom-
patible group during the first year after transplantation, there was no significant
difference in long-term graft survival between ABO-compatible and ABO-
incompatible grafts 7 years into the postoperative period and beyond. Even
though the broad variety of immunosuppressive protocols employed by
Takahashi and colleagues over such a long period of time makes interpretation
of these data challenging, the mainstay of Japanese immunosuppressive regi-
mens were plasmapheresis or double-filtration plasmapheresis, an intensive
induction phase (antilymphocyte globulin or deoxyspergualine) and splenec-
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tomy in 98% of cases. Maintenance therapy was mostly based on a triple ther-
apy consisting of calcineurin inhibitors, steroids and an antimetabolite. A very
promising observation derived from these data is that graft survival in the most
recent 124 cases since 2001 had substantially improved compared to the
antecedent groups of patients (2-year graft survival rate in the latest cohort:
94%). Major features in these most recent patients had been an induction ther-
apy with basiliximab and the introduction of mycophenolate.

The group of Tanabe [7] also showed a significant improvement of graft
survival with their latest maintenance regimen of methylprednisolone,
tacrolimus and mycophenolate (5-year graft survival rates improved from 73%
(1989–1999; 105 cases) to 90% (2000–2004; 117 cases). Tanabe [8] reported
on 851 ABO-incompatible transplantations in Japan at 82 institutions by the
end of 2005. Latest protocols in Japan abandon splenectomy in favor of anti-
CD20 antibody treatment with rituximab with excellent short-term results (5-
year graft survival �90%).

Most centers in the USA, including the Mayo Clinic in Rochester und the
group at Johns Hopkins, relied on splenectomy and plasmapheresis as major fea-
tures of their preconditioning procedures. Stegall [9] from the Rochester group
reported on 62 ABO-incompatible kidney transplantations in 2006. Death-cen-
sored graft survival was shown to be 90% at 1 year and compared well to an
ABO-compatible control group of 77 patients (graft survival 96%). An analysis
of UNOS registry data was published by Futagawa and Terasaki [10]. When the
outcome of 191 ABO-incompatible living donor transplantations was compared
with 37,612 ABO-compatible living donations, graft survival at 5 years was 66.2
and 79.5%, respectively. Graft loss in the incompatible group of patients
occurred in the early phase after transplantation. Beyond the first year, graft sur-
vival in the two groups did not differ significantly anymore. Unfortunately no
details on preconditioning or immunosuppressive protocols could be retrieved
from the UNOS database, hampering interpretation of these observations.

In accordance with recent developments in Japan, US researchers have
questioned the need for splenectomy in ABO-incompatible living donations.
Gloor et al. [11] compared two different protocols: one group of patients
(n � 23) underwent a conventional preconditioning protocol of plasmapheresis
plus splenectomy and no additional scheduled postoperative extracorporeal
treatments. The other group (n � 11) received preconditioning treatments with
rituximab and intensified plasmapheresis/IVIG (intravenous immunoglobulin)
and two per protocol plasmaphereses in the postoperative period. Additional
postoperative plasmapheresis/IVIG was scheduled in the second group, if closely
monitored isoagglutinin titers exceeded certain thresholds. Patient survival,
graft survival and the incidence of humoral rejections did not differ between
these groups at 2 years of follow-up.
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Similar results have been published by Sonnenday et al. [12] from Johns
Hopkins. Using a preconditioning protocol that employed plasmaphere-
sis/CMV-Ig, rituximab and induction with daclizumab, 6 patients were success-
fully transplanted across the blood group barrier. This ‘transient biological
splenectomy’ (Sonnenday) was followed by a regular triple immunosuppression
that included tacrolimus, mycophenolate and steroids. Renal function at 1 year
was excellent in this series, with no humoral rejection observed. The Johns
Hopkins group has gone beyond their former protocols and lately presented
intriguing data on 24 ABO-incompatible kidney transplantations with regular
plasmapheresis/CMV-Ig but without concomitant splenectomy or anti-CD20
treatment [13]. No increase in the incidence of AMR was observed at a median
follow-up of 18 months and 1-year graft survival was reported to be 100%.

The Advent of Antigen-Specific Immunoadsorption

Several unspecific extracorporeal treatment techniques are used to elimi-
nate isoagglutinins in order to render patients prepared to receive an ABO-
incompatible graft. The most commonly used techniques are plasmapheresis
and double-filtration plasmapheresis. These techniques have the advantages of
being widely available, easy to handle und relatively inexpensive. Low speci-
ficity, however, is a major disadvantage of plasmapheresis. Removing a wide
range of essential plasma proteins while preparing a patient for an ABO-incom-
patible transplantation leads to depletion of coagulation factors, complement
and disease-specific immunoglobulins. This is overcome by substitution of
plasma constituents in all protocols. However, the latter bear the risk of allergic
reactions or transmission of infectious diseases.

Double-filtration plasmapheresis is more specific than regular plasma-
pheresis. It only removes IgG and IgM fractions, immunocomplexes and
lipoproteins [14]. The remaining plasma components are returned to the patient.
Nevertheless, patients need to be replaced with albumin solutions of varying
concentrations. Double-filtration plasmapheresis is reported to be highly effec-
tive, but there is only limited experience with this technique outside of Japan
where it remains a mainstay of preconditioning protocols.

Tydén et al. [15] opted to choose a new method of isoagglutinin removal
altogether and used a new immunosorbent column that consists of synthetic A
or B trisaccharides linked to a Sepharose matrix [16]. The immunosorbent
(Glycosorb A/B®, Glycorex Transplantation AB, Lund, Sweden) was reported
to be very specific and highly affine for A/B isoagglutinins [17]. Following a
protocol of preconditional immunoadsorptions and a single dose of rituximab
and IVIG, respectively, Tydén et al. maintained patients on a standard oral
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immunosuppression consisting of tacrolimus, mycophenolate and steroids. The
Swedish group summarized data on 60 consecutive ABO-incompatible live-
donor kidney transplantations performed in Stockholm, Uppsala (Sweden) and
at our center [18]. Patient survival was 97% and graft survival at a mean follow-
up of 17.5 months was reported to be 98%.

Genberg et al. [19] recently presented detailed 3-year follow-up data on 15
adult and 5 pediatric patients transplanted according to the Swedish protocol
between 2001 and 2005. These patients were compared to control groups of
ABO-compatible transplant recipients. After 3 years there were no differences
between ABO-compatibly and -incompatibly transplanted groups with regard to
patient survival, graft survival, infectious complications or the development of
proteinuria. Overall patient survival was 100% in both the pediatric and the
adult group of ABO-incompatible patients. Actual graft survival in the adult
ABO-incompatible population was 86.7%, which was equivalent to the ABO-
compatible recipients. Note that in the studies of Tydén, one important exclu-
sion criterion was an initial isoagglutinin titer of  �1:128.

The Freiburg Experience

We developed a protocol that combines different elements of the internation-
ally published experience. In accordance with the Swedish protocol, precondi-
tional B-cell depletion and isoagglutinin reduction are accomplished with a single
dose of rituximab and antigen-specific immunoadsorptions. Our main modifica-
tions of the Swedish protocol are as follows: (1) additional induction therapy with
basiliximab; (2) an on-demand strategy for postoperative immunoadsorptions
based on carefully monitored postoperative isoagglutinin titers [20], and (3) the
acceptance of patients initially presenting with isoagglutinin titers of 1:128 or
higher and the use of an intensified extracorporeal protocol [21].

Our Protocol of Immunosuppression and Prophylactic Therapy

The anti-CD20 antibody rituximab (375 mg/m2 body surface area,
Mabthera®, Hoffmann-La Roche AG, Basel, Switzerland) is administered as a
single dose 4 weeks before grafting is scheduled. Parallel to the initiation of
immunoadsorptions (day �8), a triple oral immunosuppressive regimen consist-
ing of mycophenolate (2 g/day), tacrolimus (trough level 12–15 ng/ml), and pred -
nisone (30 mg/day) is applied. A single dose of IVIG (0.5 g/kg b.w., Octagam®,
Octapharma GmbH, Langenfeld, Germany) is then given �5 days ahead of the
anticipated operation. The first 12 patients received IVIG on day �1. Because
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we witnessed an increased incidence of bleeding complications intra- and post-
operatively in these first patients and because we hypothesized that this could
be due to the IVIG administration shortly before surgery, we later changed our
protocol and rescheduled the IVIG infusion to day ��5. Bleeding complica-
tions were markedly reduced after this adjustment. Immunosuppressive induc-
tion also includes the administration of basiliximab (Simulect®, Novartis,
Nürnberg, Germany) at a dosage of 20 mg on day 0 and on postoperative day
�4. All patients receive CMV prophylaxis regardless of serological status for
90 days posttransplant. Pneumocystis jiroveci prophylaxis is maintained with
cotrimoxazole for 120 days posttransplant.

Our Protocol of Antigen-Specific Immunoadsorptions

We perform isoagglutinin titer reductions using an apheresis device (Octo
Nova®, Diamed Medizintechnik, Cologne, Germany) which supports regional
citrate anticoagulation. Oral ACE inhibitors are discontinued 7 days prior to
starting immunoadsorption. A hollow-fiber plasma separator (P2®, Fresenius
Medical Care, Bad Homburg, Germany) is used to separate plasma from whole
blood. The plasma fraction is then fed to the antigen-specific carbohydrate
adsorber (Glycosorb A/B®, Glycorex Transplantation AB, Lund, Sweden). A
blood flow of 120 ml/min and a plasma flow of 35–40 ml/min are used during
the apheresis sessions. Extracorporeal treatments in the preoperative period are
usually performed every other day. Total target plasma volume is estimated
using the Kaplan formula [(0.065 � kg) � (1 � hematocrit)] [22]. Preope rati -
vely 2.5–3.0 plasma volumes are processed during each session, using com-
bined citrate/heparin anticoagulation. Patients who do not fall by two titer steps
per IA are subjected to a clearance of 3.0 plasma volumes. Postoperatively, a
minimum of 2.0 plasma volumes are processed per treatment under regional
citrate anticoagulation. Preoperative immunoadsorptions are performed until
IgG anti-A/B titers equal 1:4 or less on the morning of transplantation. We only
perform postoperative immunoadsorptions if isoagglutinin titers exceed 1:8 in
the first postoperative week and/or 1:16 in the second postoperative week. No
additional posttransplant immunoadsorptions are scheduled if postoperative
titers remain below these thresholds.

Results

34 adult patients have been successfully transplanted at our center since
April 2004 (table 1). 71% of transplantations were between unrelated donors
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and recipients. All blood group incompatibilities have occurred, with the major-
ity of patients (44%) presenting with an A1 → 0 constellation. The mean number
of HLA mismatches (A/B/DR) was 4.2 � 1.3 with a range of 2–6 mismatches.

At a median follow-up of 25.3 months (range 3–52) patient survival is
97% and death-censored graft survival is 100% (table 2). Mean serum creati-
nine is 1.54 � 0.39 mg/dl (136.1 � 34 	mol/l), translating into an eGFR of
51.5 � 14 ml/min (estimated by the MDRD formula).

Table 1. Patient characteristics and dialysis data

Mean � SD Minimum-maximum
or comment

Patient characteristics
Patients receiving ABO-incompatible Tx, n 34 since April 1, 2004
Median follow-up, months 25.3 � 14 3–52
Mean recipient age at Tx, years 46.6 � 13 18–67
Mean donor age at Tx, years 51.1 � 12 38–75
Male/female, n (%) 25/9 (74/26)
Related donors, n (%) 10 (29)
Unrelated donors, n (%) 24 (71)
HLA mismatches, n (mean) 4.2 � 1.3 2–6
Preemptive Tx, n (%) 6 (18)
First Tx, n (%) 31 (91)
2nd or 3rd Tx, n (%) 3 (9)
With simultaneous kidney removal, n (%) 9 (26) 8 patients with ADPKD, 

1 patient with FSGS

Dialysis and blood group data
Dialysis modality; hemodialysis/CAPD 27/1
Time on dialysis before Tx, months 34 � 31 0–39
ABO incompatibility, n (%) 34

A1 → 0 15 (44)
A2 → 0 4 (12)
B → 0 5 (15)
A1B → 0 1 (3)
A1 → B 1 (3)
A2 → B 2 (6)
A1B → B 2 (6)
B → A 2 (6)
AB → A 2 (6)

SD � Standard deviation; Tx � transplantation; ADPKD � autosomal dominant polycys-
tic kidney disease; FSGS � focal segmental glomerulosclerosis.



Geyer/Fischer/Drognitz/Walz/Pisarski/Wilpert 54

Employing our on-demand strategy of postoperative immunoadsorptions
based on careful titer monitoring [20], only 9/34 (26%) of patients had to be
subjected to postoperative extracorporeal treatments. The majority of patients
(74%) did not require posttransplant immunoadsorptions (table 3). Graft func-
tion between these two groups does not differ at follow-up (serum creatinine
1.51 mg/dl in the treatment group vs. 1.53 mg/dl in the group not treated by
postoperative immunoadsorptions, p � 0.86).

11/34 (32%) of successfully transplanted patients presented with initial
anti-A/B titers at 1:128 or higher. The median initial titer in this ‘high-titer’
group of patients was 1:512. With our protocol of intensified immunoadsorp-
tions [21] the desired preoperative isoagglutinin titer of 1:4 or less could be
achieved. Present graft function in these high-titer patients is similar to patients

Table 2. Results and complications

Mean � SD Minimum-maximum
or comment

Results
Patient survival, % 97
Death-censored graft survival, % 100
Serum creatinine, mg/dl 1.54 � 0.39 0.80–2.40
eGFR (MDRD formula) 51.5 � 14 24–86
Antibody-mediated rejections, n 2
Cellular rejections, n 8
Calcineurin-inhibitor toxicity, n 10

Complications
CMV, n (%) 2 (6)
BKVAN, n (%) 1 (3)
C. diff icile sepsis, n (%) 1 (3)
Invasive fungal infections, n (%) 1 (3) nasal aspergilloma
Invasive parasitic infections, n (%) 1 (3) echinococcosis
Postoperative hemorrhage requiring surgery, n (%) 7 (21)
Lymphoceles, n (%) 17 (50)
Lymphoceles requiring surgery, n (%) 11 (32)
Renal artery stenosis, n (%) 1 (3)
Death, n (%) 1 (3) due to C. diff icile sepsis
Complications related to IA 0
Complications related to rituximab (minor/severe) 1/0 diaphoresis

SD � Standard deviation; CMV � cytomegalovirus; BKVAN � BK virus-associated
nephropathy.
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with titers not exceeding the 1:128 threshold (serum creatinine 1.57 mg/dl in
the high-titer group vs. 1.51 mg/dl in the low-titer group, p � 0.69).

Problems and Complications

One patient died with a functioning graft 4 months after transplantation.
This patient had developed toxic megacolon and Clostridium diff icile sepsis on
the grounds of recurrent urinary tract infections caused by an atonic bladder
and the need for repetitive self-catheterizations.

So far, 2 patients experienced antibody-mediated rejections (AMR) post-
operatively. Both cases did not have high postoperative isoagglutinin titers at
the time of rejection and AMR could be controlled by steroid pulses and
plasmapheresis.

Since 2004 a total of 9 patients enrolled in our program could not undergo
ABO-incompatible kidney grafting because preoperative titers did not reach the
necessary threshold. This problem was most prominent in patients with high
initial titers (�1:128). Intriguingly however, 2 of the patients not successfully
preconditioned had initial titers of 1:64 and 1:16, respectively. Despite intensive
immunoadsorption these patients exhibited very high titer rebounds in between
extracorporeal sessions. Futile preconditioning turned out to be a significant
psychological stress factor for most patients.

Table 3. Isoagglutinin titers and immunoadsorptions

Isoagglutinin titers and immunoadsorptions Mean � SD Minimum-maximum
or comment

Initial IgG anti-A or -B titer before first IA, median 1:128 2–1,024
Patients with initial IgG titer �1:128, n (%) 11 (32)
Preoperative IA, mean (SD), n 6.0 � 3.6 1–17
Patients receiving postoperative IA, n (%) 9 (26)
Postoperative IA in these 9 patients, mean (SD), n 3.6 � 1.7 1–6
Patients not receiving postoperative IA, n (%) 25 (74)
Patients receiving additional plasmapheresis, n 2 due to insufficient 

titer reduction with IA
Patients without sufficient titer reduction, n 
(not suitable for transplantation) 10

Complications related to IA 0

SD � Standard deviation; IA � immunoadsorption.
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Two of our patients successfully transplanted in 2008 were shown to require
several treatments of standard plasmapheresis/FFP in addition to antigen-specific
immunoadsorptions for lowering isoagglutinins to our goal titer of 1:4. Both
patients did not have exceedingly high initial titers (1:64 and 1:128, respectively).
The titer-reducing effect of this offensive double approach was pronounced.

Overall we did not witness an increase in severity or frequency of infec-
tious complications in comparison to patients in our ABO-compatible program
[unpubl. data]. We did note, however, 2 cases of unusual infections in our 34
patients that deserve attention: 1 patient developed maxillary sinusitis caused
by aspergilloma. This patient required surgery, prolonged antifungal treatment
and reduction of maintenance immunosuppression for resolution of the
pathogen. Kidney function was not adversely affected. Another patient experi-
enced invasive echinococcosis of the liver. The latter case is most probably
unrelated to the intensified ABO-incompatible immunosuppressive regimen,
because the patient had close contact to several vectors of Echinococcus on a
horse paddock. Yet, a potential causative/supportive role of rituximab in these 2
cases cannot be fully excluded.

One major challenge in the first series of patients was the occurrence of
bleeding complications. A total of 7/34 (26%) patients required revision
surgery due to bleeding incidents (table 2). Retrospectively we assign this early
cluster of hemorrhages (6 bleeding events that mandated revisions were noted
in the first series of 12 patients) to IVIG being administered on postoperative
day �1. We adjusted our protocol and rescheduled the IVIG infusion to day
��5. Since then we have only witnessed one bleeding event demanding revi-
sion surgery. Despite our efforts to ascertain the cause of the altered coagulative
state in these patients by performing an array of coagulation studies and throm-
bocyte function tests, we could not conclusively determine what had caused
these hemorrhages (data not shown).

In addition to this accumulation of bleeding incidents, we observed a high
rate of lymphoceles developing in our ABO-incompatible patient collective.
50% of patients presented with a lymphocele in the postoperative period and
32% of all patients required revision surgery due to lymphoceles (table 2). This
is a higher rate than the one observed in our cohort of ABO-compatible patients.
To our knowledge, other groups have not reported a higher incidence of lympho-
cele development in ABO-incompatible living donor transplantation so far.

Finally, clearly ABO-incompatible kidney transplantation with rituximab
and the new immunosorbent is more costly than most other established treat-
ment options. Genberg et al. [19] recently presented an analysis of cost effec-
tiveness of the procedure. The authors therein drew the conclusion that the
additional costs using these new treatment modalities corresponded to approxi-
mately 9 months on dialysis.
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Discussion

Since the introduction of ABO-incompatible kidney transplantation using
rituximab and antigen-specific immunoadsorptions by Tydén in 2003, by now
an estimated 70 patients have been transplanted successfully in Germany [pers.
communications] using these principles of preconditioning. This represents less
than 1% of all kidney transplantations in this country. Nevertheless, the method
has attracted considerable attention by the transplant community and in public
discussions.

Over the last years we have learned that protocols relying on rituximab and
antigen-specific immunoadsorptions for blood-group antibody clearance carry
very promising short- and intermediate-term results which are well comparable
to ABO-compatible living donor transplantations. We have evidence that com-
bining immunoadsorptions with rituximab and basiliximab does not translate
into a higher risk of infectious complications or tumors in the first years after
transplantation. Our group has lately established that even patients with initial
isoagglutinin titers �1:128 can be safely transplanted without an increased risk
of AMR using the above measures. We have gathered data indicating that some
of these high-titer patients can present with increasing titers later in the course
after transplantation and that this has not been associated with an increased risk
of AMR in our patients [21], yet. However, time will have to tell whether these
transplant recipients are more prone to developing chronic allograft nephropa-
thy in the long term.

In addition, we could show that preemptive postoperative immunoadsorp-
tions are dispensable in a majority of patients, if titers are carefully monitored
for the first 2 weeks after grafting. Such an ‘on-demand strategy’ serves to sub-
stantially reduce the additional costs associated with the new immunosorbent.

We have overcome initial bleeding complications that putatively had been
caused by the chronological proximity of the single preconditional IVIG infu-
sion with the time of surgery. We had to learn that – in isolated cases – antibody
clearance by antigen-specific immunoadsorption cannot be sufficiently accom-
plished. These patients sometimes can be rendered transplantable by adding
standard plasmapheresis to the immunoadsorptive protocol. We hypothesize
that this could be due to subclasses of anti-A/B antibodies that possess an
altered affinity to the synthetic trisaccharides of the columns but we lack the
evidence to prove this theory. We also experienced that some patients will be
resistant to antibody-lowering efforts despite maximally intensified precondi-
tioning. So far, we were unable to narrow down valid predictors to reliably iden-
tify these patients before the initiation of the preconditioning protocol.

We found in our own cohort that lymphoceles tend to occur with higher
frequency in ABO-incompatibly transplanted patients in comparison to ABO-
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compatibly grafted patients. It could be argued that prolonged oral immunosup-
pression during the run up to surgery plays a role in this finding. Other groups
did not report on this problem and it might turn out to be restricted to our cen-
ter, exclusively. Future observation and discussion is necessary to answer this
question.

We have overcome cumbersome difficulties with methodological issues
concerning isoagglutinin titer measurements and their comparability to other
laboratories [23] and we managed to convince health insurances of the cost
effectiveness of the procedure.

Despite the latest developments in the field worldwide, one crucial ques-
tion remains unanswered. What is the minimal necessary immunosuppressive
load in ABO-incompatible transplantation? We can only assume that most pre-
sent protocols, on the broad, represent an overly aggressive immunological
intervention. This was strikingly disclosed by Montgomery and Locke [13] who
recently used mere plasmapheresis preconditioning, low-dose intravenous
immunoglobulin and a standard maintenance immunosuppression in a sub-
group of ABO-incompatible transplantations with an impressive outcome.

Another open issue is the preoperative target titer. We and others use a
rather conservative preoperative target titer of 1:4 but we know of centers that
opted to exclusively perform 4 regular pretransplant antigen-specific
immunoadsorptions without measuring titers preoperatively [pers. communica-
tion]. Therefore, one must assume that it is feasible to safely transplant patients
at higher titers than 1:4.

At present we pursue the following policy surrounding patient enrollment
at our division: ABO-incompatible transplantation using our protocol is recom-
mended to patients requesting a living donation who: (1) wish to receive a pre-
emptive living donor transplantation but do not have a compatible donor; (2)
have accumulated 
3 years of waiting time on the Eurotransplant waiting list
and do not have a compatible donor (in these cases we believe that the negative
effects of waiting another 2–3 years while remaining on dialysis outweigh the
potential uncertainties surrounding ABO-incompatible transplantation), and (3)
severely suffer from dialysis-related side effects or have recurrent access com-
plications and hospitalizations, while having accumulated �4 years of waiting
time on the Eurotransplant waiting list.

Conclusions

ABO-incompatible kidney transplantation has come of age and nowadays
represents a valuable therapeutic option for patients with long waiting times for
a cadaveric kidney and the absence of an ABO-compatible donor.
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Several protocols have been developed, all of which help to effectively
overcome the blood group barrier. In the evolution of these protocols, the latest
step was the combination of anti-CD20 treatment with antigen-specific
immunoadsorption. We have chosen to embrace this protocol first described by
Tydén and decided to modify it in several ways. Despite an increase in treat-
ment costs, intermediate-term results gathered from the literature and in our
own collective of patients are very promising and by now an estimated 200
transplantations worldwide have been performed using this modality.

Even though rituximab and antigen-specific immunoadsorptions allure to
be less invasive procedures compared to splenectomy and plasmapheresis, to
this point, experience with anti-CD20 treatment in kidney transplant recipients
is limited and only solid long-term follow-up data will help to benchmark these
new treatment options in relation to more established policies.
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Abstract
Introduction: Although splenectomy has been employed in most documented protocols

for ABO-incompatible kidney transplantation (ABO-ILKT), its utility is not yet determined.
The aim of this study was to evaluate the long-term results of ABO-ILKT with splenectomy,
and also compare the outcome of ABO-ILKT with splenectomy versus non-splenectomy.
Methods: We did a retrospective study of ABO-incompatible living donor kidney transplants
at our institution and affiliated hospital between January 2001 and December 2006 (n � 70).
All patients were treated with a combination of immunosuppressive drugs, including
tacrolimus (FK), mycophenolate mofetil (MMF) and methylprednisolone (MP). Between
January 2001 and December 2004, all patients underwent pretransplant double filtration
plasmapheresis (DFPP) and splenectomy at the time of transplant (n � 46) (ABO-I-SPX
group). Between January 2005 and December 2006, splenectomy was not performed and a
protocol that involved pretransplant low-dose injection of rituximab was employed (ABO-I-
RIT group). ABO-compatible living kidney transplants (n � 55) performed between January
2001 and December 2004 were employed as a control group (ABO-C group). Results: Patient
survival was 100% in all groups. Three-year graft survival was 98.2, 93.5 and 95.8% in the
ABO-C, ABO-I-SPX and ABO-I-RIT groups, respectively. Five-year graft survival was 93
and 91.3% in the ABO-C and ABO-I-SPX groups, respectively. Renal allograft function was
comparable among the three groups. However, compared to the ABO-I-RIT group, the inci-
dence of acute antibody-mediated rejection (acute AMR) or chronic AMR was significantly
higher in the ABO-C and ABO-I-SPX groups. Conclusions: Alth ough long-term outcome of
the ABO-I-SPX group was excellent and showed no significant difference compared to the

ABO-Incompatible Kidney Transplantation
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ABO-C group, splenectomy is not essential for successful ABO-ILKT. The rituximab-treated
patients showed excellent short-term graft survival and renal function, and the incidence of
AMR in the ABO-I-RIT group was significantly reduced compared to the ABO-I-SPX group.

Copyright © 2009 S. Karger AG, Basel

Despite great efforts to promote the donation of cadaveric organs, organ
transplantation in Japan is not increasing and a serious shortage of cadaveric
organs exists. These circumstances have forced to enlarge the available organ
donor pool. For this purpose, ABO-incompatible living kidney transplantation
(ABO-ILKT) is being performed [1–5]. Cyclosporine (CyA), azathioprine
(AZ), and methylprednisolone (MP) were used as basic maintenance immuno-
suppressive agents between 1989 and 1996. During this period, despite the use
of antilymphocyte globulin (ALG) and deoxyspergualin (DSG) in the induction
phase, short-term graft survival was significantly poorer in these patients than
in ABO-compatible cases [3]. Between 2001 and 2004, we employed 1-week
pretransplant immunosuppression with tacrolimus (FK)/mycophenolate mofetil
(MMF)/methylprednisolone (MP) for ABO-ILKT. During this period, splenec-
tomy was performed in all cases and the short–term outcome was excellent [6]. 

In 2001, Tydén et al. [7] introduced a new protocol for ABO-ILKT, using
antigen-specific immunoadsorption and rituximab. Also, Sonnenday et al. [8]
reported that a single dose of the B-cell-depleting agent rituximab was success-
fully used instead of splenectomy in ABO-ILKT. Recently, Tydén et al. [9]
reported that their protocol has been successfully applied in more than 200 cases.

In 2005, we introduced a new proconditioning regimen which consisted of
double filtration plasmapheresis (DFPP) and a low-dose injection of rituximab.
However, there is no study comparing splenectomy and non-splenectomy regi-
men over the long term.

The aims of this study were to evaluate the long-term outcome of ABO-
ILKT treated with FK/MMF/MP and splenectomy, as well as to compare the
results of ABO-ILKT with and without splenectomy preconditioning regimens.

Patients and Methods

Patients

ABO-ILKT: Splenectomy Group (ABO-I-SPX Group)
46 patients with end-stage renal failure underwent ABO-ILKT at our institute and affil-

iated hospital between January 2001 and December 2004. All patients were treated with a
combination of immunosuppressive drugs, including FK, MMF, and MP. All underwent pre-
transplant DFPP and splenectomy at the time of transplant.
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Patients consisted of 26 males and 20 females with a mean age of 40.4 years (range
16–68). Blood group combinations and the number of HLA-AB and -DR mismatches are listed
in table 1. The major donor sources were parents, siblings, and spouses (table 1). The leading
cause of primary renal diseases was chronic glomerulonephritis, including IgA nephropathy.

ABO-ILKT: Non-Splenectomy Group (ABO-I-RIT Group)
24 patients with end-stage renal failure underwent ABO-ILKT at our institute and affil-

iated hospital between January 2005 and December 2006. All patients were treated with a
combination of immunosuppressive drugs, including FK, MMF, and MP. In this patient
cohort, splenectomy was not performed in all patients and a protocol that involved pretrans-
plant low-dose rituximab injection was employed. The dosage of rituximab was
500 mg/person. Chronic glomerulonephritis was the most frequent cause of primary renal
disease. Patient background data are shown in table 1.

ABO-Compatible Living Kidney Transplantation (ABO-C Group)
55 patients who underwent ABO-compatible living kidney transplantation between

January 2001 and December 2004 were employed as a control group (ABO-C group). All
patients were treated with a combination of immunosuppressive drugs, including FK, MMF,
and MP. Blood group combinations, which are compatible in all patients are listed in table 1.
Patient background data did not show any significant difference among the ABO-C group,
ABO-I-SPX and ABO-I-RIT groups.

Removal of Serum Anti-A  and/or Anti-B Antibodies
To remove anti-A and/or anti-B antibodies, the recipients received 3 or 4 sessions of

DEPP and/or some sessions of regular plasmapheresis (PEX) before renal transplantation.
Their anti-A immunoglobulin G (IgG)/IgM titers and/or anti-B IgG/IgM titers were reduced
to the level of 1:32 or below [1–3]. DFPP was started 7 days before surgery, using the fol-
lowing plasma separators: OP-05H (Asahi Medical Co. Ltd, Tokyo, Japan) and Evaflux 2A
(Kuraray Co, Ltd, Osaka, Japan) [10]. IgM anti-A and -B levels were determined using the
saline and/or Bromerin agglutination technique as specified in the protocol, and indirect
Coomb’s test was used to measure IgG titers. An average of 3.8 DFPP and/or PEX sessions
were performed before ABO-ILKT. Posttransplant DFPP or PEX was not performed rou-
tinely in the ABO-I-SPX or ABO-I-RIT groups except in the case of AMR.

Immunosuppressive Regimen
FK, MMF and MP were used as basic immunosuppressive agents. We administered

FK (0.1 mg/kg/day)/MMF (1–2 g/day)/MP (20–125 mg/day) concomitantly with PEX starting
7 days before transplantation. FK was reduced according to the target trough level, which
was around 10 ng/ml in the induction phase. MMF was reduced to 1,500 mg/day 2 weeks
after surgery, and to 1,000 mg/day 1 month after ABO-ILKT. MP was reduced to 8 mg/day 
1 month after transplantation. In the maintenance phase (6 months after transplantation), all
patients were placed on low-dose immunosuppression with FK/MMF/MP. The average doses
of FK, MMF and MP were 0.07 mg/kg, 1,000 mg/day and 5 mg/day, respectively. The target
trough level of FK was 5 ng/ml during the maintenance phase. Neither ALG nor DSG were
used. Local irradiation of the graft was not performed. Laparoscopic splenectomy was done
at the time of kidney transplantation in the ABO-I-SPX group. Anti-IL-2 receptor blocker
(basiliximab) was used in the induction phase. In the ABO-I-RIT group, rituximab at a dose
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Table 1. Patients’ characteristics

ABO- ABO-incompatible p value
compatible
(n � 55) splenectomy rituximab

(n � 46) (n � 24)

Recipient age, years
Mean � SD 38.9 � 12.5 40.4 � 12.1 43.0 � 13.5 0.411 
Range 20–62 17–68 22–64

Recipient male sex 35 (63.6) 26 (56.5) 18 (75.0) 0.313 

Body mass index, kg/m2 20.8 � 2.6 21.2 � 3.4 21.4 � 2.4 0.674 

Duration of hemodialysis, monthsa 43 [16–86] 33 [13–74] 27 [19–66] 0.894 

Underlying diseaes
Chronic glomerulonephritis 12 (21.8) 16 (34.8) 4 (16.7) 0.157 
IgA nephropathy 12 (21.8) 11 (23.9) 7 (29.2)
Diabetic nephropathy 1 (1.8) 4 (8.7) 3 (12.5)
Other 30 (54.5) 15 (32.6) 10 (41.7)

Common comorbidities
Hypertension 35 (63.6) 26 (56.5) 14 (58.3) 0.755 
Hyperlipidemia 4 (7.3) 3 (6.5) 2 (8.3) 0.962 
Diabetes 3 (5.5) 4 (8.7) 4 (16.7) 0.270 

Donor age, years
Mean � SD 57.0 � 10.5 56.7 � 11.2 56.3 � 9.1 0.965 
Range 22–79 28–78 45–76

Donor male sex 14 (25.5) 16 (34.8) 2 (8.3) 0.055 

Donor type
Father 7 (12.7) 8 (17.4) 2 (8.3) 0.413 
Mother 30 (54.5) 17 (37.0) 12 (50.0)
Sibling 5 (9.1) 6 (13.0)
Children 1 (2.2)
Married couple 12 (21.8) 13 (28.3) 10 (41.7)

Other 1 (1.8) 1 (2.2)

Graft weight, g 174.8 � 48.4 175.0 � 39.6 167.0 � 39.6 0.727 

HLA-AB mismatch
0 2 (3.6) 6 (13.0) 1 (4.2) 0.130 
1 18 (32.7) 13 (28.3) 8 (33.3)
2 25 (45.5) 21 (45.7) 6 (25.0)
3 4 (7.3) 3 (6.5) 6 (25.0)

HLA-DR mismatch
0 8 (14.5) 13 (28.3) 4 (16.7) 0.383 
1 40 (72.7) 27 (58.7) 15 (62.5)
2 7 (12.7) 6 (13.0) 5 (20.8)
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of 500 mg/person was administered 7 days prior to renal transplantation in place of splenec-
tomy. In this study, pre- or posttransplant prophylactic administration of intravenous
immunoglobulin (IVIG) was not performed in all patients.

Diagnosis and Treatment of Rejection
Most patients underwent protocol biopsy twice: once within 6 months of their transplant

and the second 6 months or more after their surgery. All rejection episodes or allograft dys-
function were biopsy-proven. C4d staining was performed with standard immunofluorescence
techniques in all specimens. Histological diagnosis was made on Banff criteria [11, 12].

Table 1. (continued)

ABO- ABO-incompatible p value
compatible
(n � 55) splenectomy rituximab

(n � 46) (n � 24)

Incompatibilities
A1 to A1 10 (18.2) �0.001
A1 to B 6 (13.0) 5 (20.8)
A1 to O 12 (26.1) 8 (33.3)
A1 to A1B 2 (3.6)
B to A1 3 (6.5) 3 (12.5)
B to B 13 (23.6)
B to O 10 (21.7) 4 (16.7)
B to A1B 3 (5.5)
O to A1 4 (7.3)
O to B 7 (12.7)
O to O 13 (23.6)
O to A1B 1 (1.8)
A1B to A1 7 (15.2) 3 (12.5)
A1B to B 6 (13.0) 1 (4.2)
A1B to O 2 (4.3)
A1B to A1B 2 (3.6)

PRA single (pre Tx)
None 2 (3.6) 4 (8.7) 1 (4.2) 0.682
NDSA 36 (65.5) 31 (67.4) 18 (75.0)
DSA 17 (30.9) 11 (23.9) 5 (20.8)

Immunosuppression
FK506 55 (100.0) 46 (100.0) 24 (100.0)
MMF 55 (100.0) 46 (100.0) 24 (100.0)
Rituximab 24 (100.0)

Mean � SD values are shown (% values in parentheses).
aMedian [interquartile range].
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In ABO-ILKT, C4d immunostaining in the absence of other histological abnormalities was
not considered sufficient for the diagnosis of AMR because more than 50% of the  specimens of
ABO-ILKT showed positive C4d staining without any findings of rejection [13, 14].

For the treatment of acute rejection episodes, a basic dose of 500 mg of MP was admin-
istered for 2 days. When T-cell-mediated rejection did not improve, either muromonab CD3
(OKT3) was administered at a dose of 5 mg/day for 10 days or DSG (5 mg/kg/day) for 5 days.
For acute AMR, DFPP and/or regular PEX were employed as a first-line treatment. Additional
injection of rituximab (200–500 mg/person) and/or a couple sessions of high-dose injection of
IVIG (2 g/kg) were employed when AMR was resistant to DFPP and/or PEX.

Prophylactic Treatment for Opportunistic Infection
Sulfamethoxazole-trimethoprim was given as a prophylactic agent for Pneumocystis

jiroveci infection. Ganciclovir was not given prophylactically to any patient except for the
recipients with cytomegalovirus (CMV) primary infection. All recipients were monitored by
CMV antigenemia assay after renal transplantation. Ganciclovir treatment was initiated when
the assay showed a positive result or a symptomatic CMV infection was present.

Statistical Analysis
Analyses were performed with the SAS system version 9.1 software (SAS Institute,

Cary, N.C., USA). Data are presented as mean � SD, medians with interquartile ranges or
frequencies. One-way analysis of variance was used to compare groups with respect to nor-
mally distributed continuous variables, and the Kruskal-Wallis H-test was used for skewed
continuous or ordinal variables. The �2 test was used to compare nominally scaled variables.
The cumulative probabilities of graft and patient survival curves were estimated with the
Kaplan-Meier method and the difference among the curves was tested by log-rank test. Two-
tailed p values �0.05 were considered to indicate a statistically significant difference.

Results

Patient and Graft Survival
Overall patient survival was 100% in all groups (fig. 1). The actual graft

survival rate in the ABO-I-SPX group was 93.5% and 91.3% at 1 and 5 years.
Actual graft survival was 95.8% in the ABO-I-RIT group (fig. 2).

Allograft Function
Serum creatinine levels are presented in table 2. There was no significant

difference in terms of graft function among the three groups.

Rejection Episodes
Rejection episodes are summarized in table 3. The incidence of rejection-

free patients within 6 months after transplantation was 56.4, 73.9, and 83.3% in
the ABO-C, ABO-I-SPX, and ABO-I-RIT groups, respectively. The ABO-I-RIT
group showed the lowest rejection rate among the groups. In the ABO-I-RIT
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Fig. 1. Patient survival rates: the patient survival rate of ABO-incompatible and ABO-
compatible living kidney transplant recipients was 100% at 1 and 5 years.
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Fig. 2. Graft survival rate: 3-year graft survival was 98.2, 93.5, and 95.8% in ABO-C,
ABO-I-SPX, and ABO-I-RIT groups, respectively; 5-year graft survival was 93 and 91.3%
in ABO-C and ABO-I-SPX groups, respectively.
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group, only 16.7% of the patients experienced rejection within 6 months after
transplantation. Two patients had AMR. On the contrary, the ABO-I-SPX group
showed the highest incidence of AMR (19.6%) compared to the ABO-C and
ABO-I-RIT groups. The rate of rejection-free patients 6 months after transplan-
tation was 60, 56.5 and 83.3% in the ABO-C, ABO-I-SPX, and ABO-I-RIT
groups, respectively. The ABO-I-RIT group showed the lowest incidence of
rejection in the study groups. The ABO-C group showed the highest incidence
of chronic AMR of these three groups.

Graft Loss
Causes of graft loss are shown in table 4. There was no significant differ-

ence among the three groups. One patient in the ABO-I-RIT group lost his graft
due to chronic AMR and 3 patients in the ABO-C group lost their grafts due to
chronic AMR. Of 46 recipients in the ABO-I-SPX group, 4 patients lost their
graft due to acute AMR in 2 and chronic AMR in 2.

Infectious Complications
The most frequent infectious complication was CMV infection. The inci-

dence of CMV activation diagnosed by CMV antigenemia assay was 27.3, 28.3
and 25.0% in the ABO-C, ABO-I-SPX and ABO-I-RIT groups, respectively.
The incidence of CMV disease was 7.3, 8.7, and 4.2% in the ABO-C, ABO-I-
SPX, and ABO-I-RIT groups, respectively. Even ABO-ILKT patients who

Table 2. Serum creatinine levels (mg/dl) after renal transplantationa

ABO- ABO-incompatible p value
compatible
(n � 55) splenectomy rituximab

(n � 46) (n � 24)

Before Tx 10.9 [9.7–13.6] 11.4 [9.6–13.1] 11.3 [8.5–13.3] 0.990 
After 2 weeks 1.5 [1.2–1.8] 1.4 [1.1–1.7] 1.5 [1.0–1.7] 0.705 
After 1 month 1.6 [1.2–1.7] 1.5 [1.2–1.7] 1.4 [1.1–1.6] 0.519 
After 3 months 1.4 [1.2–1.7] 1.3 [1.1–1.6] 1.3 [1.1–1.6] 0.275 
After 6 months 1.4 [1.2–1.8] 1.3 [1.1–1.6] 1.3 [1.1–1.5] 0.299 
After 1 year 1.4 [1.1–1.6] 1.2 [1.0–1.5] 1.2 [0.9–1.4] 0.179 
After 2 years 1.3 [1.1–1.5] 1.1 [1.0–1.5] 1.1 [0.9–1.2] 0.022 
After 3 years 1.3 [1.1–1.6] 1.2 [1.1–1.5] 0.7 [0.7–0.7] 0.161 
After 4 years 1.2 [1.1–1.5] 1.1 [0.9–1.4]
After 5 years 1.4 [1.2–1.6] 1.2 [1.0–1.4]

aMedian [interquartile range].
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Table 3. Rejection episode

ABO- ABO-incompatible p value
compatible
(n � 55) splenectomy rituximab

(n � 46) (n � 24)

Rejection within 6 months
Non-rejection 31 (56.4%) 34 (73.9%) 20 (83.3%) 0.037
IF/TA 1 (1.8%)
C-AMR
BC 9 (16.4%) 1 (4.2%)
ACR 3 (5.5%) 1 (2.2%) 1 (4.2%)
AMR 5 (9.1%) 9 (19.6%) 2 (8.3%)
AVR 6 (10.9%) 2 (4.3%)
IgA

Rejection after 6 months
Non-rejection 33 (60.0%) 26 (56.5%) 20 (83.3%) 0.005
IF/TA 6 (10.9%) 12 (26.1%) 1 (4.2%)
C-AMR 14 (25.5%) 1 (2.2%) 1 (4.2%)
BC 2 (4.3%) 1 (4.2%)
ACR
AMR
AVR 1 (2.2%)
IgA 1 (1.8%) 1 (2.2%)

IF/TA � Interstitial fibrosis/tubular atrophy, C-AMR � chronic AMR, BC � borderline
change, ACR � acute cellular rejection, AMR � antibody-mediated rejection, AVR � acute
vascular rejection, IgA � IgA nephropathy.

Table 4. Causes of graft loss

ABO- ABO-incompatible p value
compatible
(n � 55) splenectomy rituximab

(n � 46) (n � 24)

Graft loss 3 (5.5%) 4 (8.7%) 1 (4.2%) 0.709
Chronic AMR 3 (5.5%) 2 (4.3%) 1 (4.2%)
Acute AMR 2 (4.3%)
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seem to have received more potent immunosuppression compared to the ABO-
C patients showed a low incidence of CMV disease (4.2%). No patients died
due to infections in any of the groups. None of the patients developed serious
CMV, EBV or BKV infection. There was no significant difference among the
groups in terms of viral infection. None of the patients developed P. jiroveci
pneumonia or other serious fungal infections.

Discussion

For the ABO-ILKT recipients, CyA, AZ, and MP were used as basic
maintenance immunosuppressive agents between 1989 and 1996. During this
period, short-term graft survival was significantly poorer in these patients
than in the ABO-compatible cases [3, 15]. In most patients, early graft loss
was caused by acute AMR [1, 3, 16]. Recently, potent immunosuppressive
agents, such as FK and MMF, are being employed as basic immunosuppres-
sive agents for ABO-ILKT. Although neither ALG nor DSG were used in our
recent protocol, short-term graft survival was markedly improved because of a
significantly decreased incidence of early graft loss due to AMR [6, 17].
Although most preconditioning protocols to remove antibody-producing
plasma cells have included splenectomy at the time of transplantation for the
non-A2 blood group ABO-ILKT [1–5], most of these reports were predomi-
nantly of early cases.

From January 1989 to December 2004, we performed splenectomy at the
time of grafting to prevent humoral rejection. Alexandre et al. [18] empha-
sized that splenectomy is a prerequisite for successful ABO-incompatible
renal transplantation. Salomon et al. [19] also reported that the spleen is a
very important organ in terms of producing anti-AB antibody. However,
Nelson et al. [20] reported that when the anti-AB IgG titers are low (�1:8),
renal transplantation from donors with the A2 or B subgroup could be safely
and successfully performed without any pretransplant conditioning such as
splenectomy and/or PEX. In 2001, Tydén et al. [21] reported an excellent
short-term outcome of ABO-incompatible renal transplantation without
splenectomy. In place of splenectomy, they administered the anti-CD20 mon-
oclonal antibody, rituximab, to suppress B-cell function. Immunoadsorption
was used to remove anti-AB antibodies instead of plasmapheresis before
renal transplantation and was also performed three times during the first
9 days after transplantation with further treatments as needed to maintain low
antibody levels [21]. They reported that the long-term results of these patients
were excellent. Their overall graft survival was 87% 3 years posttransplanta-
tion [22, 23]. Also, the Mayo Clinic group [5, 24] reported that splenectomy
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may not be necessary if there is rituximab treatment in a preconditioning reg-
imen. Sonnenday et al. [8] from the Johns Hopkins team reported that under
rituximab treatment an excellent short-term outcome of ABO-ILKT was
achieved without splenectomy. They employed PEX/IVIG/rituximab treat-
ment as a preconditioning regimen before ABO-ILKT. They also reported
using a plasmapheresis/IVIG protocol which was prophylactically adminis-
tered on postoperative days 1, 3, and 5 combined with CMV hyperimmune
globulin and rituximab. None of the patients experienced rejection [8]. Thus,
recent reports show that current potent immunosuppressive agents, including
rituximab, may be adequate to perform ABO-ILKT successfully without
splenectomy.

Since rituximab injection seemed to be effective in suppression of AMR,
we have employed a non-splenectomy regimen, including low-dose of ritux-
imab injection and pretransplant DFPP. Our ABO-I-RIT-treated patients showed
a significantly lower incidence of rejection. In particular, the incidence of AMR
in the ABO-I-RIT group was significantly lower than that of patients in the
ABO-I-SPX group. This finding is consistent with other reports [8, 24]. Gloor
et al. [24] compared the outcomes of ABO-ILKT using a protocol without
splenectomy involving intensive pre- and post-PEX/IVIG plus anti-CD20 anti-
body to a protocol using less intensive PEX plus splenectomy. They reported
that patient survival and patient survival with functioning grafts at 2 years in
non-splenectomy and splenectomy groups were 91 vs. 96% and 82 vs. 87%,
respectively. Although the incidence of humoral rejection was lower in the non-
splenectomized group treated with intensive posttransplant PEX/IVIG and rit-
uximab, this difference was not statistically significant. They concluded that
rituximab regimen combined with intensive posttransplant PEX/IVIG and anti-
body monitoring may be more effective than splenectomy in preventing
humoral rejection [24].

Our results clearly showed that ABO-I-RIT patients experienced a signifi-
cantly lower incidence of AMR compared to that of ABO-I-SPX patients. The
major purpose of splenectomy in ABO-ILKT recipients is to remove antibody-
producing plasma cells and/or memory cells that might cause AMR during the
posttransplant period. Most plasma cells and memory B cells exist in the
spleen, but there are still significant numbers of these cells in other parts of
the body, including the lymph nodes and bone marrow. Rituximab probably
eliminates memory B cells which, once they are stimulated by A or B antigens
in the transplanted graft, may produce a large number of antibody-producing
plasma cells in various sites outside of the spleen. Thus, systemic rituximab
therapy to eliminate B cells may do more to reduce posttransplant antibody pro-
duction than splenectomy, because splenectomy alone cannot remove B cells in
the bone marrow or lymph nodes.
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Although we did not employ any prophylactic posttransplant PEX or IVIG
routinely, our short- and long-term outcome of ABO-ILKT was excellent.
Posttransplant protocol biopsy did not show significantly higher incidence of
AMR compared to other reports [23, 24]. Our results seem to be as successful
as those of other reports in which posttransplant PEX/IVIG were employed in
all patients [23, 24]. We think that posttransplant PEX/IVIG may not be essen-
tial to achieve an excellent long-term outcome for ABO-ILKT.

Interestingly, the incidence of chronic AMR was significantly higher in the
ABO-C group compared to the ABO-I-SPX or ABO-I-RIT groups. Terasaki
and Ozawa [25] reported that anti-HLA antibodies were found in the serum of
20.9% of the 2,278 kidney recipients evaluated 6 months after renal transplan-
tation. By the 1-year follow-up, 6.6% of the recipients in whom anti-HLA anti-
bodies were detected had lost their grafts, as compared with 3.3% of those in
whom anti-HLA antibodies were not detected (p � 0.0007). There are some
reports in which about 15–20% of non-sensitized recipients started to produce
de novo donor-specific antibodies after transplantation which cause chronic
AMR and eventually graft loss [26, 27]. Although in this study we did not
examine the occurrence of anti-HLA antibodies after renal transplantation,
splenectomy or rituximab treatment may suppress anti-HLA antibody produc-
tion to cause chronic AMR. Anti-AB antibody production was suppressed after
transplantation in most of the patients and, as a result, ABO-ILKT recipients
showed a significantly lower incidence of chronic AMR compared to that of
ABO-C recipients.

In this study, we did not notice any significant increase in the incidence of
serious infectious complications in the ABO-ILKT groups. This finding means
that our pretransplant conditioning and posttransplant immunosuppressive reg-
imen is not so strong as to cause troublesome opportunistic infections, includ-
ing CMV, BKV, P. jiroveci, or EBV infection.

In conclusion, although the long-term outcome of ABO-I-SPX group was
excellent and no significant difference was seen compared to the ABO-C
group, splenectomy is not essential for successful ABO-ILKT. Rituximab-
treated patients showed excellent graft survival and renal function.
Furthermore, the incidence of AMR in the ABO-I-RIT group was significantly
reduced compared to the ABO-I-SPX group.
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Pathology of Chronic Humoral Rejection

Robert B. Colvin

Massachusetts General Hospital, Harvard Medical School, Boston, Mass., USA

Abstract
Since its initial description in 2001, chronic humoral rejection (CHR, aka ‘chronic anti-

body-mediated rejection’) has been recognized as a distinct and common cause of late graft
dysfunction and loss. The pathology is focused on the microvascular components of the kid-
ney, manifested by endothelial ‘activation’, multilamination of glomerular and peritubular
capillary basement membranes, interstitial fibrosis and tubular atrophy, and sometimes
chronic transplant arteriopathy. Diagnosis requires a biopsy and demonstration of the com-
plement degradation product, C4d in peritubular and/or glomerular capillaries. For definitive
diagnosis, detection of donor-specific anti-endothelial antibodies is required (most com-
monly to class II MHC antigens). Here we review the diagnostic criteria, pathologic mani-
festations, new molecular markers and related studies in experimental animals.

Copyright © 2009 S. Karger AG, Basel

Historical Background

Paul Russell and colleagues [1] were probably the first to make the associa-
tion between de novo anti-donor HLA antibodies and the development of
chronic renal allograft arteriopathy in 1970. Subsequent studies by Paul Terasaki
[2] and several other investigators [3] over the ensuing years repeatedly demon-
strated that the development of donor-specific HLA antibodies (DSA) was asso-
ciated with an increased risk of late allograft loss. However, for the most part,
these observations were neglected, since a mechanistic relationship was not
demonstrated and it was assumed (wrongly of course) that the antibodies were
probably an epiphenomenon, since there was no link between the antibody and
the graft lesions. In 1991, Helmut Feucht et al. [4] reported that C4d was
deposited in severe acute cellular graft rejection. About the same time the histo-
logic features of acute rejection associated with anti-class I antibodies were

Short- and Long-Term Impact of Post-Transplant Antibody Development
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described [5]. Subsequently, these three elements (C4d, DSA and histology)
were shown together to define the entity ‘acute humoral rejection’ [6, 7]. Once
C4d had been recognized as a marker of circulating anti-donor antibody, it
became a useful tool to detect the interaction of antibodies with the graft in other
settings. This has permitted the biopsy identification of four conditions mediated
by antibody: hyperacute, acute, and chronic rejection, as well as C4d deposition
without immediate graft pathology (also known as ‘accommodation’) [8]. These
categories are now accepted as part of the Banff working classification [9, 10].

Pathology of Chronic Humoral Rejection

We reported in 2001 that C4d deposition in peritubular capillaries was
strongly associated with transplant glomerulopathy (62%), which is manifested
by duplication or multilamination of the glomerular basement membrane and
90% of the patients had circulating anti-donor HLA antibodies [11]. C4d was
also present in cases with chronic transplant arteriopathy, characterized by mild
mononuclear inflammation of the arterial intimal and marked neointimal thick-
ening without elastosis typical of hypertension. These observations were con-
firmed and extended by Regele et al. [12] in Vienna, who showed that C4d was
also deposited in the glomeruli, best shown in paraffin-embedded tissues using
a polyclonal anti-C4d antibody. Regele et al. were also able to show that per-
itubular basement membrane multilamination and accumulation of mononu-
clear cells in the peritubular capillaries were associated with C4d. Mononuclear
cells are also typically present in the glomeruli in chronic humoral rejection
(CHR), but in contrast to cell-mediated rejection, these cells are primarily
monocytes rather than T cells [13].

Other investigators have shown an association between transplant glomeru-
lopathy, C4d and donor-reactive HLA antibody, although the frequency of the
three components varies considerably by center, probably related to techniques
and treatment differences [8, 14]. In 2005 the Banff consensus conference
accepted chronic, active antibody-mediated rejection as a distinct entity (table 1)
[9]. Using these criteria, CHR is present in 8.4% of the renal transplant biopsies
at our center over the last 10 years and shows no sign of diminishing, represent-
ing 11% of the indication biopsies in the last 2 years [Colvin, unpubl. data].

Association with Circulating DSA

Several groups agree that C4d is highly sensitive for predicting circulating
anti-donor HLA antibodies (88–95%) [6, 15–17]. Negative DSA results in
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C4d� cases are probably due to absorption in the graft based on published data
on graft elution [18], but non-HLA antibodies and activation of C4 via the
lectin pathway may rarely be responsible. In contrast, circulating DSA is found
without detectable C4d deposition in the graft in a more substantial fraction of
the cases, ranging from 25 to 50% [15]. In this setting it is possible that the
DSA does not fix complement or that the endothelium has become resistant to
complement activation by antibody by enhanced complement regulatory pro-
teins or decreased HLA antigen expression. In any case, C4d deposition in per-
itubular capillaries is specific for acute and chronic rejection, and is not found
in other conditions that may affect the allograft, including polyomavirus, cal-
cineurin inhibitor toxicity, thrombotic microangiopathy, recurrent glomerular
disease or delayed graft function/acute tubular injury [8]. Transplant glomeru-
lopathy is usually related to anti-class II MHC antibodies, in contrast to acute
humoral rejection [14, 19].

Transplant Glomerulopathy (fig. 1)

The pathology of transplant glomerulopathy was defined in the early days
of transplantation by Kendrick Porter and Guiseppe Andres [20–22], long
before a role of antibodies was known. They showed that the GBM is character-
istically duplicated. Later the glomerular endothelial changes were noted, con-
sisting of loss of fenestrations and increased amount of endothelial cytoplasm
(sometimes called dedifferentiation or activation) [23]. This can be an early

Table 1. Banff 2005 criteria for diagnosis of chronic humoral rejection [9]1

1. Morphology
Lamination of basement membrane glomeruli or PTC
Arterial intimal fibrosis
Interstitial fibrosis/tubular atrophy

1. Immunopathology
C4d in PTC and/or glomeruli or Ig/C3 deposition

3. Serology
Anti-donor HLA or other endothelial antigens

1Three criteria must be met for definitive diagnosis. If only two of the criteria are met, the
diagnosis is considered ‘suspicious for chronic humoral rejection’. Banff recommends the
term ‘chronic, active antibody-mediated rejection’ (CAMR), although some, including this
author, prefer ‘chronic humoral rejection’ (CHR).
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sign of CHR in protocol biopsies [24]. Fenestrations in the glomerular endothe-
lium are dependent on high local levels of VEGF from the podocytes [25],
which may be deficient in CHR. Recent studies have shown that the glomerular
endothelium in transplant glomerulopathy expresses plasmalemmal vesicle-
associated protein-1 [26], molecular markers of an altered endothelial vesicle
physiology. Halloran and colleagues [pers. commun.] have detected incre -
ased expression of endothelial related genes, such as von Willebrand factor in

a b

c d

Fig. 1. Chronic humoral rejection. Renal allograft biopsy from a patient 2.5 years
post-transplant with anti-donor class II HLA antibodies. a Transplant glomerulopathy with
widespread glomerular basement membrane duplication and mononuclear cells in capillaries
(light microscopy, PAS stain). b A glomerular capillary loop at high magnification with mul-
tilamination of the glomerular basement membrane, reactive endothelial cells with loss of
fenestrations and podocyte foot process effacement (electron microscopy). c, d Glomerular
deposition of C4d along the glomerular basement membrane. At high magnification (d) dou-
ble contours of glomerular basement membrane with linear deposits of C4d are seen
(immunohistochemistry, paraffin-embedded tissues stained with polyclonal anti-C4d).
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biopsies with humoral rejection and DSA, whether or not C4d is detected in
peritubular capillaries, in contrast to cell-mediated rejection. This suggests that
either the process can be complement-independent or that the C4d stain is less
sensitive than gene expression in detecting complement fixation in tissue. If
this is confirmed, at some point in the future, gene expression signatures may
be added to the criteria for antibody-mediated rejection.

Transplant glomerulopathy, as defined by GBM duplication, is not a spe-
cific disease, but can be due to at least two causes – CHR and thrombotic
microangiopathy. It is also possible that T cells can mediate this lesion. A sub-
stantial fraction of transplant glomerulopathy is C4d� and clearly related to
antibodies. However, in some series, 60% or more are C4d negative, even
though circulating antibody is detected in 70% [14]. The most consistent corre-
late of transplant glomerulopathy is PTC multilamination (�90%). It is clear
that at least some of the C4d� glomerulopathies are the residue of prior C4d�
episodes. We have seen C4d� transplant glomerulopathy cases that had prior
episodes of acute humoral rejection or CHR [27]. Other C4d� glomerulopathy
cases in our experience are part of a pattern of thrombotic microangiopathy.
A third possibility is that antibody may mediate glomerulopathy without requir-
ing complement fixation, perhaps via Fc receptors or a direct effect on the
endothelium.

Transplant Capillariopathy

The deposition of C4d in the peritubular capillaries drew attention to these
structures, largely ignored in renal transplant pathology. Monga et al. [28] had
shown that peritubular capillary basement membranes often show multilamina-
tion by electron microscopy, a feature that was later linked rather tightly to C4d
deposition by Regele et al. [12]. Bruce Hall and colleagues [29] many years ago
showed that graft rejection was manifested by a loss of peritubular capillaries,
as judged by loss of class II MHC staining. Shimizu and colleagues [30]
showed that the density of peritubular capillaries (CD34� capillaries/mm2) is
highly negatively correlated with renal graft function (fewer capillaries accom-
pany higher the serum creatinine) in late graft biopsies with fibrosis, although
no specific connection between C4d and capillary loss was demonstrable.
While we do not know which comes first, it is easy to speculate that the loss of
vascularity of the kidney contributes to diminished graft function. Our own
studies have confirmed the loss of capillary density in CHR and that this is also
a feature of C4d� transplant glomerulopathy.

The loss of capillaries presents a diagnostic problem, since the extent of
C4d� capillaries is part of the definition of antibody-mediated rejection.
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Quantitative studies showed that 43% of the CD34� capillaries were C4d�,
and the range was 1–89%, with no clear threshold [27]. This is in contrast to
acute humoral rejection in which �50% of the capillaries are usually C4d� and
indeed �50% positive capillaries is generally taken as the diagnostic threshold.
For CHR, the criteria for C4d need to be lowered, to focal (10–50% of PTC,
C4d2) or even perhaps to minimal levels (�10% of PTC). In those cases with
minimal or no PTC C4d, the glomerular staining may be helpful. This requires
staining of paraffin-embedded tissues with polyclonal anti-C4d. Using this
technique, most of the CHR cases show positive glomerular capillaries, some-
times delineating a double contour of the GBM.

Transplant Arteriopathy

Transplant arteriopathy in kidney and hearts has been less consistently
associated with C4d deposition than glomerulopathy in kidneys. The likely
explanation is that antibody plays a less prevalent role in the former than the lat-
ter. Indeed, in mouse studies three independent immunologic pathways to arte-
riopathy have been reported: T cells, NK cells, and antibodies [31]. Proof of
antibody causality was obtained in passive transfer of donor-specific anti-class
I MHC antibodies in immunodeficient mice (RAG1�/�) with heart allografts.
Florid chronic transplant arteriopathy developed over 28–56 days, with pathol-
ogy similar to that in humans [31]. Complement fixation was not required,
since the lesions were triggered by non-complement fixing DSA (IgG1) and in
C3-deficient recipients [32]. Thus, C4d is not a comprehensive indicator to
antibody-mediated effects on the arterial endothelium. In this setting, NK cells
seem to be required, probably via their Fc receptors [32]. In monkey renal trans-
plants, C4d and DSA are strongly correlated with the later development of arte-
riopathy, but so is endarteritis [33]. Thus, both antibody and T-cell-mediated
mechanisms can be pathogenic, a possible explanation of why C4d and DSA,
per se, correlate imperfectly with transplant arteriopathy in humans.

Variants of CHR

In occasional cases with interstitial fibrosis and tubular atrophy with C4d
deposition, transplant glomerulopathy is not identified. The lack of glomeru-
lopathy may be due to sampling, or to selective involvement of the peritubular
capillaries. In any case, even without transplant glomerulopathy, the combina-
tion of interstitial fibrosis and C4d has a worse prognosis that interstitial fibro-
sis alone [34].
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A second variant is transplant glomerulopathy with C4d deposition in the
glomerulus and not in the peritubular capillaries [35]. The interpretation of this
pattern is uncertain. Glomerular C4d in the absence of PTC C4d is probably
also specific for antibody-mediated rejection, provided that immune complex
deposition or anti-GBM antibodies are excluded. Rigorous testing of this state-
ment is needed, particularly whether thrombotic microangiopathy may have
some glomerular C4d without antibodies.

De novo membranous glomerulonephritis is a common form of late post-
transplant glomerular disease, found in 1–9% of renal allograft biopsies [23].
Studies by Thoenes et al. [36] demonstrate that de novo MGN can arise due to
non-MHC antigens in the glomerulus, by showing that renal allografts between
MHC identical rat strains developed de novo MGN in the graft but not the
native kidney. In humans, one case report has described the simultaneous onset
of de novo MGN and DSA [37]. In our experience with 17 cases of de novo
MGN, 41% had C4d deposition in the peritubular capillaries, a much higher
frequency than in other forms of de novo glomerular disease [38]. Peritubular
capillary C4d was not detected in any cases of de novo focal glomerulosclerosis
or IgA nephropathy. Since de novo MGN is known to arise in MHC matched
kidneys [23], it is likely that this also represents a form of humoral rejection to
non-MHC glomerular antigens. The association with C4d may reflect a propen-
sity to form alloantibodies of any type or promotion of an immune response to
glomerular antigens secondary to injury mediated by HLA antibodies. In any
case, this study supports a previously unrecognized relationship between
chronic antibody-mediated rejection and de novo MGN.

Plasma Cells and Local Antibody Production

Several studies have correlated the presence of plasma cells with C4d
deposition and DSA [39]. One confounding factor is that the number of
plasma cells in graft biopsies with dysfunction also correlates with time after
engraftment [40] as does CHR, so it is not clear whether their presence is a
coincidence or related to the graft pathology. One argument for the latter is
that intragraft production of DSA has been demonstrated in a few rejected
renal allografts by Thaunat and Nicoletti [41]. The plasma cells in CHR are
often in the peritubular capillaries, an unusual location for these cells in other
renal diseases and suggesting that they have found a ‘niche’ analogous to their
normal location in bone marrow [23]. Intragraft neolymphoid tissue has been
detected in late graft biopsies and local immune responses may include B-cell
differentiation into alloreactive plasma cells, a point that is under investiga-
tion [41].
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Time Course and Prognosis

CHR develops over months to years with typically a slow evolution. In this
setting it is not surprising that not all features may be seen at any given point,
but rather the pathology is cumulative, at least that which is not reversible, such
as the basement membrane multilamination. The first evidence of this was by
Regele et al. [12] who noted that C4d deposition in early graft biopsies (�12
months after transplantation) was associated with a sevenfold increase in the
risk of later transplant glomerulopathy (46 vs. 6%). However, most cases of
CHR do not have an identifiable previous abrupt episode of AHR; rather they
are of insidious onset. Several studies have shown that CHR and/or transplant
glomerulopathy have a poor prognosis, in one study of protocol biopsies trans-
plant glomerulopathy conferred a sixfold increased risk of graft failure [19].

We have observed a sequence of stages of CHR in monkey renal allografts
in a minority of recipients on a mixed-chimerism tolerance induction protocol,
in which all immunosuppression is withdrawn 1 month after transplantation
[33, 42]. A minority of these recipients develop DSA and later show C4d in pro-
tocol biopsies, followed by interstitial fibrosis and tubular atrophy. These
changes may be seen before graft dysfunction is evident. Thus we have pro-
posed a sequence of CHR (fig. 2). It is quite possible, and indeed a few exam-
ples have been observed, in which the antibody and/or the C4d disappears
during this course. Thus the more irreversible features of CHR may be seen
(glomerulopathy, fibrosis, PTC lamination) in the absence of the more transient
features (C4d, DSA). The monkey studies show a wide variability in the rate of
progression from a few months to a few years. All of the monkeys who survived
at least a year after the appearance of DSA or C4d deposition developed
glomerulopathy, arguing that accommodation to antibodies is not stable. The
rate and the inevitability of the progression no doubt would be influenced by the
therapy, and it should be noted that none of these recipients were treated with
immunosuppressive agents, in contrast to the clinical situation.

Therapy

The optimal therapy for CHR has not been determined. Conventional treat-
ment includes tacrolimus, mycophenolate and sometimes IVIg. Plasmapheresis
is generally reserved for the more aggressive forms with accompanying acute
inflammation. Anti-CD20 has been used, with variable success, and controlled
trials are underway. Among the newer agents for consideration are anti-C5 and
inhibitors of B-cell and plasma cell survival factors, such as TACI-Ig [43].
Further work is needed to develop anti-B-cell and plasma cell therapies that are
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as effective as the current anti-T-cell drugs. It will also be important to address
the puzzling inability of tolerance induction protocols in primates to inhibit B-
cell alloresponses. This will require further knowledge of the regulation of B-
cell function and perhaps more selective T-cell therapies that permit such
regulation to persist.
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Abstract
Numerous retrospective and prospective studies have been conducted to determine the

prevalence and significance on long-term graft survival of de novo post-transplant donor-
specific antibodies (DSA), directed against both HLA and non-HLA molecules. Moreover, it
has been postulated that the development of anti-HLA antibodies may precede the clinical
manifestation of chronic rejection, therefore being considered a predictive marker. In this
context, the detection of C4d deposition in the failing kidney in patients presenting de novo
DSA supports the hypothesis that antibody production and complement deposition could be
involved in the pathogenesis of graft failure. Due to the development of more sensitive meth-
ods to detect alloantibodies, the number of transplanted patients which show the appearance
of DSA at different times following transplantation has increased. Nevertheless, this
increased sensitivity has allowed the identification of circulating donor-specific anti-HLA
antibodies in many patients with otherwise good graft function. Such findings are worthy of
discussion, as it has yet to be determined whether these circulating antibodies can only be
considered an early marker of humoral rejection or whether they could play a protective role.
The possible relevance of the post-transplant appearance of non-DSA should also be men-
tioned. This review will focus primarily on de novo anti-donor HLA antibody responses in
kidney transplant patients and will only briefly deal with anti-non HLA and non-DSA that
will be discussed elsewhere in this issue.

Copyright © 2009 S. Karger AG, Basel

It has now been well documented that, following renal transplantation, a
significant proportion of previously unsensitized patients will elicit a hum -
oral anti-donor immune response [1]. In this context, several species of de novo

Short- and Long-Term Impact of Post-Transplant Antibody Development
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 anti-donor antibodies have been identified in renal allograft recipients. These
include anti-HLA antibodies, anti-endothelial cell antibodies and antibodies
directed towards antigens belonging to the MICA and MICB families.
Furthermore, antibodies directed against self antigens such as vimentin and the
angiotensin II type-1 receptor have also been reported following transplantation.
As anti-non-HLA antibodies and the histological patterns caused by antibodies
in the renal allograft are reviewed in separate articles in this volume, herein only
de novo anti-HLA antibodies and their implications will be discussed.

The de novo Appearance of Anti-HLA Antibodies Is 
Associated with Early Graft Failure

The suggestion that the development of an elicited anti-HLA humoral
immune response following transplantation could be detrimental to the graft
goes back several years. Indeed, since the early 1990s, several retrospective and
prospective studies have identified a correlation between the postoperative pro-
duction of anti-HLA antibodies and reduction of long-term renal allograft sur-
vival [2–4]. In particular, Halloran et al. [2] could show that all patients
developing de novo anti-HLA class I antibodies underwent episodes of acute
rejection compared to only 41% of patients who did not present such antibod-
ies. Furthermore, in this group of patients, more rejection episodes were classi-
fied as severe, and graft loss was also significantly higher compared to the
group of patients without antibodies. Biopsies performed at the time of class I
antibody detection frequently displayed endothelial injury, neutrophil infiltra-
tion in the glomeruli or peritubular capillaries and fibrin deposition in
glomeruli or blood vessels. Subsequently, more comprehensive studies with
increased numbers of patients, more assiduous serum sample collection and
extended follow-up periods of 5 years or longer, reinforced this hypothesis [5,
6]. In particular, using highly sensitive methodologies, Lee et al. [5] showed
that among 14 patients who chronically rejected their graft and did not present
anti-HLA antibodies before transplantation, all developed de novo antibodies in
a period of time ranging from a few months to 5 years after transplantation.
Furthermore, graft failure occurred between 6 months and almost 8 years after
the first detection of anti-HLA antibodies. This observation led to the specula-
tion that anti-HLA antibodies could play a role in the onset of rejection,
although the time at which antibody was first detected could not be clearly cor-
related with graft survival. Surprisingly, the preliminary studies undertaken to
determine the specificity of the elicited humoral immune response indicated
that most elicited anti-HLA antibodies were not directed towards the donor mis-
match but were directed to other, unrelated specificities [5]. Subsequent studies
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from these and other authors confirmed that a renal transplant was often associ-
ated with the de novo production of anti-HLA antibodies of both donor-specific
and non-donor-specific nature [7].

In more recent years, multicenter cooperative studies enrolling large num-
bers of patients [8, 9] or large single-center prospective studies [10] were under-
taken. These confirmed the observation that anti-HLA antibodies strongly
correlated with earlier graft failure. This evidence was collectively reported in the
concept named the ‘Humoral theory of transplantation’ proposed by Paul Terasaki
[1, 11]. A key publication in support of this theory is represented by a multicenter
study where 2,231 transplanted renal allograft patients with a functioning graft
for at least 6 months were tested for anti-HLA antibodies and followed up for a
period of 2 years [9]. In this study it was shown that the frequency of antibodies
detected in the patients’ sera was fairly constant over time, independent of the
time elapsed since transplantation and the type of immunosuppression used. In
this series, approximately 20% of patients resulted positive for the presence of
anti-HLA antibodies, although their graft appeared to be functional. Nonetheless,
the study could demonstrate that the presence of anti-HLA antibodies was predic-
tive of subsequent graft failure during the 2-year follow-up period. The observa-
tion that the presence of anti-HLA antibodies in this series is not necessarily
associated with immediate loss of graft function is in agreement with other stud-
ies [10]. Indeed, anti-HLA antibodies may contribute to the slow damage and inti-
mal thickening of vessel walls that is a hallmark of chronic allograft rejection.

Furthermore, an interesting observation from this study is that once the
patient had survived for more than 6 months following transplantation, the rate
of graft loss was constant throughout the postoperative period, at approximately
5% per year [9]. It is noteworthy that, in a recent update on this study, 81% of
the patients with no detected anti-HLA antibodies in 2002 retained their graft 4
years later, compared to only 58% of patients with anti-HLA antibodies [12].

Donor-Specific and Non-Donor-Specific de novo 
Anti-HLA Antibodies

The effects of anti-HLA antibodies on long-term graft function were further
evaluated to determine the respective roles of de novo donor-specific antibodies
(DSA) and non-DSA on long-term graft survival [7, 13]. In this regard, it was con-
vincingly demonstrated that the de novo production of both DSA and non-DSA is
significantly associated with poor graft survival in contrast to graft survival
observed in those who do not produce antibodies. However, survival was worse if
the elicited anti-HLA antibody response was donor-specific [7]. Furthermore, it
was demonstrated that more than 80% of renal allograft recipients that did not
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elicit DSA after transplantation still had their graft after 15 years, whilst only 18%
of those with DSA retained graft function at the same time point [13].

In another study conducted in 1,229 recipients of kidney grafts, analyzed
over a 5-year period by annual screening using a range of techniques such as
CDC, ELISA and flow cytometry, the presence of either DSA or non-DSA was
shown to correlate with lower graft survival and poor transplant function [10].
In this series, 16.8% of the patients had HLA antibodies after transplantation.
Surprisingly only 5.5% of these patients presented DSA whilst in 11.3% of
cases antibodies were non-DSA. Interestingly, non-DSA appeared earlier (1–5
years post-transplant) than DSA, possibly due to the higher level of immuniza-
tion prior to transplantation in the group of patients with non-DSA [10]. Several
considerations may explain why patients with non-DSA present a higher risk of
early graft loss compared to patients who do not develop anti-HLA antibodies
after transplant. First, it is well known that panel-reactive antibody-positive
patients (even HLA identical siblings) have worse long-term renal allograft sur-
vival, possibly due to the fact that these are, in general, strong immunological
responders. Second, these patients could have low levels of DSA, all bound to
the graft and therefore not detectable in the circulation.

In support of this consideration, a higher frequency of DSA was detected
in the serum following transplantectomy in patients with rejected grafts. Indeed,
DSA could be obtained from eluates derived from rejected kidneys explanted
from DSA-negative patients supporting the hypothesis that DSA were bound to
the graft [14]. Furthermore, in a similar study, Heinemann et al. [15] could
demonstrate that both complement binding and non-complement binding anti-
HLA class I or II DSA adhere to allografts explanted due to rejection.

From the data presented, it appears that there is a growing body of evi-
dence to suggest that de novo DSA constitute a significant risk factor that may
preclude long-term graft survival. In this light, the reduction of immunosup-
pression in stable renal allograft recipients presenting de novo anti-HLA DSA
recently proposed by some, may, in the long run turn out to be detrimental [16].
Furthermore, it should also be remembered that patients with current negative
but historical HLA-positive serum should not be viewed as patients presenting
de novo DSA, but should be treated as immunized patients in all respects, with
a transplant presenting additional risk [reviewed in 17].

Improvement in Antibody Detection Technologies and 
Its Impact in the Clinic

Despite the accepted consensus regarding the relationship between
decreased graft survival and the presence of either pre-formed or de novo anti-
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HLA antibodies, there is a great deal of variability in the frequency and type of
anti-HLA antibodies detected after renal transplantation [17]. This is mainly
due to the use of different techniques to detect antibodies as well as the differ-
ent times of post-transplant blood sample collection.

The detection of anti-HLA antibodies and the analysis of their specificity
have evolved over time from primarily cell-based assays to solid-phase meth-
ods, with most recent efforts making available single HLA-antigen preparations
[18]. Lymphocytotoxicity assays [complement-dependent cytotoxicity (CDC)
and its modifications, CDC with anti-human globulin (CDC-AHG)], whose
clinical significance was first described in 1969 [19], formed the basis of anti-
body detection for many years. These techniques have evolved towards more
sensitive assays that are still referred to as ‘cell-based’ assays but do not encom-
pass the lysis of target lymphocytes [20]. Indeed, in these more recent assays,
the target for the anti-HLA antibodies in patient’s serum is the HLA molecule
expressed on the intact cell surface of lymphocytes. In such assays, the antigen-
antibody interaction is detected via flow cytometry. Subsequently, improve-
ments in HLA antigen purification technologies have allowed the development
of solid-phase assays where the HLA molecules are bound to a solid matrix.
These ‘membrane-independent’ assays include ELISA [21] and flow cytometric
assays using beads coated with HLA antigens [18, 22].

These technological advances have enabled increases in both sensitivity for
weakly binding antibodies and specificity for anti-HLA antibodies. Nevertheless,
all the assays available have their advantages and disadvantages. As far as lympho-
cytotoxicity assays are concerned, they allow the identification of complement
binding antibodies with the target epitope displayed in its natural configuration.
However, these assays lack specificity for HLA molecules and a positive signal
could, in theory, be produced by the binding of non-HLA antibodies to their corre-
sponding targets. Similarly, a false positive signal might be created by the presence
of autoantibodies in the serum. It is noteworthy that some immunomodulatory
therapies (i.e. anti-thymoglobulin, anti-CD3, anti-CD20) applied pre- and post-
transplantation may interfere with the results obtained [23]. Furthermore, such
assays have very limited sensitivity compared with other techniques.

As far as solid-phase methods are concerned, these assays are more sensi-
tive and specific as they utilize purified HLA molecules. Furthermore, they are
not influenced by clinical treatments. Nevertheless, the HLA molecule purifica-
tion and manipulation procedure can cause the loss of functional epitopes with
the consequence of false negative results. On the other hand, the procedure may
result in the denaturation of antigen molecules with the possibility of false pos-
itive results.

In all cases, it is important to underline that all these techniques have been
developed to detect circulating antibodies and that the graft can act as a sponge
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absorbing the majority of DSA, and sequestering them from the circulation.
Therefore, it could be argued that the frequency and concentration of antibodies
with the highest affinities and specificities, and possibly the most relevant anti-
bodies are, at best, underestimated or possibly not detected at all.

The tremendous technological advances in the field over the past few
years, which have resulted in a dramatic improvement in the sensitivity of anti-
HLA antibody assays, have created debate regarding whether new techniques
are too sensitive and if all anti-HLA antibodies detected by cytometric assays
are in fact clinically relevant [24]. Generally, it is commonly accepted that anti-
bodies detected by cell-based assays are more clinically relevant as they detect
HLA molecules in their natural configuration. Another important consideration
regards the clinical relevance of complement activating antibodies such as those
detected by CDC assays and that of non-complement activating antibodies,
such as those detected by flow cytometry and ELISA. In this regard, the clinical
relevance of the latter is still controversial.

For all these reasons and in order to combine the positive aspects of all cur-
rently available techniques, it is the suggestion and common practice in most
advanced laboratories working in this field, to use a combination of cell-based
and solid-phase assays with single antigens to more thoroughly characterize
anti-HLA antibodies. In this regard, it is worth mentioning that a wide range of
kits are available to detect the presence of anti-HLA antibodies. On the con-
trary, no commercially available assays are currently available for the detection
of non-HLA antibodies, except for MICA antibodies. As a consequence, many
laboratories have developed in-house assays and flow cytometry analyses to test
for the presence of anti-endothelial cell and anti-monocyte antibodies, as well
as customized ELISA based on purified antigens. Of course, as has been the
case for anti-HLA antibodies, as data regarding the relevance of non-HLA anti-
bodies is gathered, it is expected that a standardization of such antibody screen-
ing techniques will take place and that these assays will become widely
available.

Characterization and Fine Specificity of de novo 
Anti-HLA Antibodies

With regards to specificity, both de novo anti-HLA class I and II antibod-
ies have been detected following renal transplantation. These antibodies can be
either donor-specific or non-donor-specific and the appearance of antibodies
against either HLA class I or class II molecules has been correlated with
reduced graft survival compared to control subjects without such antibodies [6,
25, 26]. Anti-HLA antibodies may be detected as early as a few days following
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transplantation or after several years and expansion of humoral donor-specific
alloreactivity to more than one mismatched molecule during the post-transplant
period may be useful for the identification of those patients at risk of losing
graft function or rejection [27]. Anti-HLA antibodies are responsible for the
different forms of antibody-mediated histological changes recently described in
the 2007 updates of the Banff classification [28].

Both IgM and IgG anti-HLA antibodies have been detected following
transplantation. However, most attention has been focused on IgG. As a conse-
quence, the possible pathogenic role of de novo IgM anti-HLA antibodies
remains unclear [29–33].

In a 5-year longitudinal study in 225 patients, Worthington et al. [30]
showed that 51% of patients who underwent kidney failure developed de novo
DSA compared to 1.6% of the control patients who retained good graft function
at 5 years. In 60% of transplant patients with kidney failure presenting de novo
anti-HLA antibodies, DSA were observed before graft loss, with antibodies
detected between 33 and 3,708 days prior to graft loss. In the remaining patients
with graft failure, antibodies were detected between 11 and 1,054 days after the
return of the patient to dialysis. De novo DSA-specific for anti-HLA A, B, CW,
DR and DQ mismatched antigens were all strongly predictive of graft failure. It
is of interest that, in half of the patients with anti-HLA class II antibodies, DSA
were directed against HLA DQ antigens in the absence of anti-DR antibodies in
most cases. Furthermore, in a large number of these patients, de novo anti-HLA
class II antibodies were the only elicited antibodies detected at the time of graft
rejection. Similarly, the detection of an elicited anti-DQ antibody response fol-
lowing renal transplantation has also been reported by Ozawa et al. [34]. In this
study undertaken in 81 patients who had lost their renal allograft, de novo anti-
HLA antibodies developed in 54 patients. In 80% of these, de novo antibodies
were donor-specific. Donor-specific anti-DQ antibodies developed in 33% of
the patients whilst another 20% of cases presented non donor specific anti-DQ
antibodies. In addition, it should be noted that an anti-DP antibody response
could be observed in 13% of patients who rejected the graft in the absence of
anti-class DR or DQ antibodies.

Together, these observations suggest that monitoring of the anti-HLA DSA
response for both class I and II antibodies is indispensable in order to have a
real feel for the level of sensitization of an allograft recipient.

Anti-HLA Antibodies: ‘Cause’ or ‘Effect’ of the Rejection Process?

Although complement C4d deposits are recognized to be a histological
marker indispensable for the diagnosis of antibody-mediated acute and chronic
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rejection [36], whether anti-donor antibodies should be considered the trigger-
ing factor that initiates the rejection process, one of its mediators or a result of
the rejection process itself remains to be clarified. In addition, the variable
length of time elapsing from the detection of de novo antibodies and signs of
organ dysfunction [5], does not provide a clear rationale for the analysis of anti-
bodies at regular intervals for diagnostic purposes. In this regard, it is worth
remembering that Lee et al. [5] detected de novo post-transplant antibodies,
several years before the occurrence of graft failure (up to 7 years in 1 case).
These findings indicate that antibodies could exert a delayed damaging effect
and that this function is probably mediated via a complex mechanism of action.
As previously mentioned, it is important to keep in mind that anti-donor alloan-
tibodies detected in the circulation of transplanted patients may be underesti-
mated due to the sensitivity of the assay used. Moreover, the more sensitive
solid-phase detection assays available today are designed to specifically detect
only antibodies directed against HLA molecules. Therefore, the presence of
anti-non-HLA antibodies with clinical relevance may be missed.

C4d Deposition without Morphological Evidence of 
Active Rejection

The significance of long-lasting C4d deposition in the graft microvascula-
ture in the absence of graft dysfunction, frequently observed in particular in the
ABO-incompatible setting, is intriguing [36]. In many of these cases even the
combined presence of circulating antibodies is not associated with deterioration
of graft function at least in the short term. However, as the long-term outcome
may not be benign, this specific condition, previously termed accommodation,
has now been re-labeled as ‘C4d deposition without morphological evidence of
active rejection’ [28].

In vitro observations suggest that the role of anti-HLA antibodies in the
post-transplant period varies according to their concentration in the circulation.
In particular, whilst at high concentrations they bind to and promote graft
destruction, at low concentrations they may promote changes in the graft that
render it less susceptible to immune damage caused by DSA and complement
activation. In such conditions, antibodies do not appear to be detrimental. On
the contrary, they induce endothelial cells to express protective genes such as
heme oxygenase-1 (HO-1), A20, Bcl-2 and Bcl-xL, ultimately rendering cells
more resistant to immune-mediated injury [reviewed in 37]. In this regard, sev-
eral studies have been reported on the effect of the binding of anti-HLA class I
antibodies to the major histocompatibility complex on the surface of human
endothelial cells [38–42]. While saturating concentrations of anti-HLA class I
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antibodies purified from highly sensitized patients cause complement-dependent
apoptosis via caspase-3 activation, interference with the PI3K/Akt signaling
pathway by subsaturating concentrations of anti-HLA class I antibodies confers
endothelial cell resistance towards antibody/complement-mediated lysis. In
particular, a significant increase in the expression of the anti-apoptotic genes
Bcl-xL, Bcl-2 and HO-1 [38–42] and reduction in the expression of the adhe-
sion molecules ICAM-1 and VCAM-1 [41] has been reported.

In vivo, in a group of 7 highly sensitized patients, which had been trans-
planted following anti-HLA antibody removal, anti-donor antibodies returned in 4
patients. Three of these 4 displayed endothelial cell-specific up-regulation of Bcl-
xL and IgG deposition, a picture compatible with the new definition of C4d depo-
sition without morphological evidence of active rejection [38].

At this stage, it appears of fundamental importance to understand the mol-
ecular and immunological mechanisms leading to antibody-mediated expres-
sion of such ‘protective’ molecules in the graft in order to design tailored
strategies to induce such a condition in transplanted patients. For the time
being, however, circulating anti-HLA antibodies will continue to be monitored
and will be considered a marker of antibody-mediated rejection only if they are
detected simultaneously with the evidence of C4d deposition and pathologic
changes consistent with acute or chronic tissue injury in the graft.

Conclusion

In conclusion, the analysis of the data reported in the literature clearly sug-
gests that de novo appearance of anti-HLA antibodies is a risk factor for earlier
graft failure compared to patients without such antibodies. The risk is indepen-
dent of whether the de novo anti-HLA immune response is donor or non-donor-
specific, although patients with DSA present a higher risk. Furthermore, both
class I and class II DSA are equally dangerous and a real estimate of the
acquired anti-HLA sensitization can only be determined if both classes of
allospecific antibodies are studied.

Although some donor-specific anti-HLA antibodies may, in some cases,
possess ‘protective’ properties, the correlation of their presence with graft fail-
ure suggests that these antibodies may be detrimental to the graft. At this stage,
however, only a study aimed at removing de novo anti-HLA antibodies from the
circulation will allow us to determine with certainty whether these antibodies
are really responsible for early rejection, or if they are only an indicator (or
epiphenomenon) of an ongoing immune reaction, progressively destroying the
graft. In the meantime, careful monitoring of anti-donor HLA antibodies
in renal transplantation appears to be essential to refrain from implementing
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treatment minimization protocols in patients presenting the risk of early renal
graft failure.
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Abstract
The major histocompatibility complex (MHC) encodes the HLA class I antigens

expressed on the surface of most nucleated cells and the HLA class II antigens which are
expressed mostly in B lymphocytes, monocytes and dendritic cells. Mismatched HLA anti-
gens are the main source of the immune response that leads to the rejection of allografts. In
some patients however, rejection may occur without a detectable response to donor HLA
antigens. We have been interested in characterizing antibodies that develop in transplant
recipients who do not appear to have antibodies against HLA. For this purpose, we focused
our attention to antigens which are expressed on the surface of endothelial cells and are not
found on peripheral blood lymphocytes. These include the MICA and MICB antigens, which
are encoded by loci in the MHC; certain autoantigens expressed on the endothelium; and a
family of polymorphic antigens expressed on endothelial cells which are distinct from HLA
and elicit production of antibodies that appear also to be associated with graft failure.
Antibodies against MICA have been associated with allograft rejection. MICB antibodies are
only rarely found. The autoantibodies and the endothelial specific alloantibodies are being
characterized in ongoing studies.

Copyright © 2009 S. Karger AG, Basel

We now know that endothelial cells express a number of different antigens
that are not found on lymphocytes. Some of them are polymorphic like MICA
and MICB, some are autoantigens that give rise to antibodies reacting practi-
cally with cells from all subjects tested, others have not yet been well character-
ized but can be detected as polymorphic determinants distinct from other
known endothelial surface products.

Short- and Long-Term Impact of Post-Transplant Antibody Development
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In this review we propose to discuss information that is currently available
on the characterization of these various antigens expressed by endothelial cells
and what is known about their possible role in kidney allograft outcome.

MICA

Major histocompatibility complex (MHC) class I-related chain A (MICA)
antigens are encoded by a locus close to HLA-B, they are structurally similar to
the HLA class I gene products but they do not combine with �2-microglobulin
and do not bind peptides for antigen presentation to T cells [1]. MICA antigens
are expressed on epithelial cells of the gastrointestinal tract, endothelial cells,
fibroblasts and many tumors. They bind to NKG2D, an activating receptor of
NK cells, and other cells and therefore play an important role in innate immu-
nity. These genes have promoter sequences that resemble the promoters of heat
shock protein genes and cellular stress plays an important role in their expres-
sion [2].

MICA is quite polymorphic with around 60 alleles having been described.
This polymorphism, together with expression in transplanted organs, sets the
stage for the possibility of an alloimmune response against MICA. We therefore
began looking for antibodies in the serum of organ transplant recipients using
recombinant versions of the most commonly found MICA alleles and were
promptly rewarded with the finding of antibodies that were detected first with
an ELISA method [3] and more recently using rMICA bound to polystyrene
microspheres (Luminex) [4].

As in the case of HLA, antibodies to MICA are not produced unless the
person undergoes immunization. However, some patients with end-stage renal
disease being prepared for a kidney transplant have been found to have antibod-
ies against MICA. The frequency of sensitization against MICA appears to
increase after transplantation and antibodies against MICA have been found
most frequently in recipients who have rejected an organ allograft [4].

The epitopes on the MICA molecule that determine the specificity of anti-
body binding are being investigated. It is clear that the reactions of some sera
correlate with the presence of certain variable amino acids of MICA. In addi-
tion, two broad groups of reactions with MICA alleles are commonly observed.
The nature of the shared epitopes involved is being investigated by performing
absorption/elution experiments and by the use of hybrid molecules and site-
directed mutagenesis [Y. Zou, Z. Qin, A. Silveus, Y. Fan, P. Stastny: Mapping of
MICA epitopes recognized by human alloantibodies, submitted].

Several studies have been performed to determine whether sensitization
against MICA correlates with transplant outcome after kidney transplantation.



Emerging Issue of MICA Antibodies 101

A number of small preliminary investigations suggested that presence of anti-
bodies against MICA in the serum of kidney transplant recipients might corre-
late with early graft loss [5, 6]. Also, an analysis of acid eluates obtained from
kidneys undergoing immunologic rejection revealed that antibodies against
MICA antigens were bound to such kidneys [4]. These results, together with
evidence that MICA antigens were expressed constitutively on the surface of
endothelial cells [7] and that antibodies against MICA were able to kill cells in
the presence of complement [8], prompted us to embark on a larger study.

We established a plan for using the materials of the Collaborative
Transplant Study (CTS) to analyze a large number of kidney transplant patients
for whom the outcome after transplantation was already known [9]. Sera were
shipped to our laboratory and tested without any knowledge of the clinical
course. The results showed that the presence of antibodies against MICA in
serum obtained prior to transplantation correlated with an increased frequency
of graft loss, and that this was especially true in recipients who had received
kidneys that were well matched for HLA [9]. We studied 1,910 kidney trans-
plant recipients and determined IgG antibodies against MICA*001,
MICA*002, MICA*004, MICA*008 and MICA*009. We used a method based
on the binding of antibodies to recombinant MICA antigens bound to Luminex
beads which was developed in our laboratory. Allograft function was analyzed
at 3, 6 and 12 months after transplantation. Graft survival was compared in
patients with and without antibodies against MICA antigens by means of log-
rank analysis. In addition, a multifactorial Cox regression analysis was per-
formed. Typing of donors for MICA alleles was not available and therefore it
was not determined whether the antibodies were reactive with the MICA anti-
gens of the donors. Antibodies against MICA were found in 217 of the 1,910
patients studied (11.4%). The presence of MICA antibodies was found to be
associated with an increase in kidney-allograft failure, presumed to be due to
rejection. The association between presence of antibodies against MICA and
early graft loss was especially evident in recipients who received well-matched
(0 or 1 HLA-A plus HLA-B plus HLA-DR) and in patients without antibodies
against HLA antigens (PRA � 0) (fig. 1).

In this analysis, 1,626 patients had no detectable antibodies against HLA
antigens (PRA � 0). It was found that 1,449 were not found to have antibodies
against MICA and graft survival at 1 year was 93.4%. Among the PRA � 0
patients, there were 177 recipients who were found to have antibodies against at
least one of the MICA alleles tested. In this group of PRA � 0 and MICA anti-
body-positive patients, the graft survival was 87.4%. The difference between
the two groups was statistically highly significant (fig. 1).

As a sequel to this study, we are now analyzing the specificity of the anti-
bodies against MICA to determine whether they react with the MICA antigens



Stastny/Zou/Fan/Qin/Lavingia 102

of the kidney donors. As in our previous studies, the antibodies are determined
by their binding to recombinant MICA proteins attached to Luminex polystyrene
microspheres. Testing for recipient and donor MICA is determined by sequence-
based typing following methodology we have previously described. This method
provides high-resolution allele level typing and is able to resolve the genotypes
with very few ambiguities [10]. Antibody testing has been performed as previ-
ously described. This study includes close to 200 donor/recipient pairs in whom
specific antibodies against MICA have been found. The patterns of reactivity
have been analyzed and some sera that produced positive results that are not due
to binding to MICA polymorphic antigens have been excluded.

Antibody patterns were obtained with Luminex beads conjugated with 11
different MICA allelic proteins including MICA*001, MICA*002, MICA*004,
MICA*006, MICA*007, MICA*008, MICA*009, MICA*012, MICA*017,
MICA*018 and MICA*019. The patterns were correlated with 13 antigen
groups, each of which was assigned to specific amino acid residues, or combi-
nations of amino acid residues, in the �1, �2 and/or �3 domains of the MICA
molecules (fig. 2). The presence of donor-specific antibodies reactive with
these identified mismatched amino acids will be correlated with the outcome of
kidney transplants from deceased donors. Presence of antibodies against HLA
antigens will also be evaluated. Endpoints will be graft failure at 3 months, 6
months and 1 year after transplantation. The results will not be known until the
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Fig. 1. Graft survival in kidney transplant recipients from deceased donors who had no
antibodies against HLA antigens (PRA � 0). The upper curve represents the survival of
grafts in patients in whom antibodies against MICA were not detected. The lower curve is
that of graft survival in 177 recipients with antibodies against MICA. Serum for testing was
obtained before transplantation in all of these patients.
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code is broken. These studies are performed in the laboratory without knowl-
edge of the identity of the transplant pairs or the eventual outcome of the trans-
plants. Because of the rigorous design and the excellent definition of both the
high-resolution donor MICA antigens and the specificity of the recipient anti-
bodies, we believe that this study will definitively determine whether donor-
specific antibodies against donor MICA alleles are correlated with kidney
allograft failure.

MICB

The MICB genes are located in close vicinity to MICA and the products
are similar in structure, tissue distribution and function. MICB proteins are also
ligands for NKG2D and appear to be produced in response to cellular stress.
MICB antigens are also polymorphic, although somewhat less so than MICA.
MICB appears to be expressed in transplanted kidneys [11] and has been found
on the surface of endothelial cells from umbilical cord veins by flow cytometry
[Y. Fan, Y. Zou, B. Lavingia, P. Stastny: Immune response to MICB in organ
allograft recipients, submitted]. As in the case of MICA, human antibody
against MICB has recently been shown to be able to kill target cells with the aid
of serum complement [Y. Fan, Y. Zou, B. Lavingia, P. Stastny: Immune
response to MICB in organ allograft recipients, submitted].

Antigen
MICA-1
MICA-4
MICA-6
MICA-7
MICA-12
MICA-2-17
MICA-8-19
MICA-1-12-18
MICA-4-6-9
MICA-4-6-9-19
MICA-G1
MICA-G2
MICA-G3

MICA*001 MICA*002 MICA*004 MICA*006 MICA*007 MICA*008 MICA*009 MICA*012 MICA*017 MICA*018 MICA*019

Fig. 2. Patterns of serologic reactions observed with antibodies against MICA anti-
gens. Close to 200 sera obtained from patients awaiting kidney transplantation were ana-
lyzed. Antigen names given in the first column are arbitrary designations for the patterns
observed. Column headings represent the 7 recombinant MICA alleles coupled to Luminex
beads that were used in these experiments. In 5 patterns the serum recognized a single allele;
in 2 patterns 2 MICA alleles were recognized; in 2 other patterns the serum reacted with 3
alleles; 1 pattern involved 4 MICA alleles. G1 and G2 are commonly seen long patterns
reacting with reciprocal MICA alleles. G3 was a long pattern generated by one key amino
acid, reciprocal to MICA-1.
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In order to test for antibodies against MICB, recombinant MICB proteins
were produced, including the alleles MICB*002, MICB*004, MICB*00502
and MICB*008. These antigens were coupled to Luminex microspheres and
used for screening sera from patients awaiting kidney transplantation. To deter-
mine the specificity of antibodies against native MICB antigens, MICB trans-
fectant cells were produced in the HLA class I-negative cell line HMy2.C1R
and tested by flow cytometry. One serum reacted specifically with
MICB*00502 on the beads and also specifically stained the transfectants
expressing the same antigen [Y. Fan, Y. Zou, B. Lavingia, P Stastny: Immune
response to MICB in organ allograft recipients, submitted].

In summary, MICB is similar to MICA in many respects, although some-
what less polymorphic. Specific antibodies against MICB can be found in
human sera and the antigens are also expressed on the surface of endothelial
cells and have been described in kidneys undergoing rejection. Thus far, very
few such antibodies have been found however, suggesting that their frequency
in kidney transplant recipients may be quite low. Because of this, it seems
unlikely that antibodies against MICB would play an important role in the out-
come of kidney transplantation.

Autoantibodies

When we screen transplant recipient sera on a panel of freshly isolated
umbilical vein endothelial cells we see two kinds of patterns. One is a polymor-
phic pattern where some cells are positive and others are non-reactive. Such
antibodies will be discussed in the next paragraph. In addition, there are sera
that appear to react with all the endothelial cells of the panel. The reactions are
often quite strong and virtually all endothelial cells from random donors are
positive. We have hypothesized that such antibodies may be recognizing
autoantigens. Autoantibodies against lymphocytes were described a long time
ago. They occur in patients suffering from autoimmune diseases, especially sys-
temic lupus erythematosus [12]. Autoantibodies against lymphocytes have also
been described in patients not known to have lupus or any other form of autoim-
mune disease. We observed such a case when we obtained a positive T-cell cyto-
toxicity crossmatch against the cells of an HLA-identical sib [12]. Lymphocyte
autoantigens can react with antibodies that cause lymphocytopenia, however
these antigens are not expressed in the kidney and therefore antibodies against
them do not imply any danger to a transplanted kidney.

That may not be true if the autoantigens are expressed in cells of the
endothelium. Recent work in our laboratory suggests that certain specific
autoantigens can be recognized by antibodies in the serum of renal transplant
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patients. Furthermore, it is possible that antibodies similar to those produced in
patients with autoimmune diseases like systemic lupus erythematosus or sys-
temic sclerosis, as well as bone marrow transplant recipients with chronic graft-
versus-host disease and associated scleroderma-like features, may have
functional effects which can result in damage to organ transplants.

Endothelial Antigens

Endothelial specific antibodies were described by us many years ago and
characterized by cytotoxicity reactions which were positive with umbilical cord
endothelial cells and negative with the lymphocytes isolated from the cord
blood obtained from the same donors [13]. Similar antibodies can be detected
by flow cytometry with endothelial cells using recipient sera that had been
absorbed with pooled human platelets and shown to be free of any reactivity
against HLA antigens using the most sensitive Luminex-based assays. These
antibodies are positive with some donors and negative with endothelial cells
from others, demonstrating typical polymorphism characteristic of alloantibod-
ies. The nature of the alloantigens involved is being investigated in our labora-
tory. Our preliminary results indicate that these polymorphic antibodies against
endothelial specific antigens are associated with rejection. Their effect appears
to be independent of the effect of antibodies against HLA antigens, but more
work is needed to conclusively establish that fact.
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Abstract
Patients undergoing renal transplantation frequently have non-donor-specific HLA

antibodies (NDSA). There could be NDSA (e.g. a negative crossmatch in a sensitized
patient), or could be donor-specific HLA antibodies (DSA) (e.g., antibody-incompatible
transplantation). NDSA levels slowly fall in the first month after transplantation, but in some
patients their levels initially rise during a rejection episode with increased synthesis of DSA.
This could be due to antibodies binding with shared epitopes on donor-specific and non-
donor-specific HLA, or due to non-specific immune upregulation. Further investigation of
the levels of NDSA in the context of the levels of DSA and other immunoglobulins will lead
to new insights into the control of DSA responses.

Copyright © 2009 S. Karger AG, Basel

Until the advent of assays using purified HLA antigens [1], HLA-specific
antibody detection employed whole cells, or the purified HLA constituents of
whole cells. Antibodies were therefore detected against an HLA phenotype and
multiple cells were required in order to derive the most significant correlation with
individual components of the HLA type. Because of the strong linkage disequilib-
rium in the HLA system, the results were often and unknowingly erroneous.
Furthermore, early developments of ELISA-based detection were not even capable
of reliably discriminating between HLA class I and class II-specific antibodies [2].

The use of purified HLA proteins coupled to microbeads [3–5] gives an
assay of much greater fidelity, sensitivity and speed. All these three characteris-
tics are of clinical significance. Discrimination between donor-specific anti-

Short- and Long-Term Impact of Post-Transplant Antibody Development
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bodies (DSA) and non-donor-specific antibodies (NDSA) is crucial to the
understanding and management of a humoral rejection response. Increased sen-
sitivity allows earlier detection of a response and a rapid assay allows the mon-
itoring of a response in a timescale that permits effective intervention if
indicated. Bead methods also offer quantitative measurements, a key factor in
the monitoring of a humoral response.

Frequency of detection of DSA and NDSA is dependent not only on the
sensitivity and specificity of the method, but also the case mix. The risk group,
whether acute rejection was present, and the time after transplantation may all
be important. Likewise the range of DSA and NDSA may also be important, for
example many earlier studies did not consider HLA DQ antibodies.

It is also important to consider the original specificity of antibody.
Examples of ‘different’ antibodies that may be directed against HLA molecules
are shown in table 1. Further work using the newer methods of measurement of
antibody levels and purification of HLA antibodies and/or absorption onto
donor cells or purified HLA will be performed in the next few years, and will
further clarify the nature of these HLA antibodies.

De novo Production of Non-Donor-Specific HLA Antibodies

Many renal transplant programmes include a protocol of regular pre-trans-
plant antibody testing, primarily to aid organ selection and allocation but also to
stratify rejection risk for sensitised recipients [6, 7]. HLA-specific antibodies
appearing post-transplant can therefore usually be characterized as either a recall

Table 1. Non-donor-specific HLA antibodies

Antibodies giving rise to false positive crossmatch test
• May be autoreactive; may be positive in cellular crossmatch test but not found on solid 

phase assays, not clinically relevant

‘Natural’ antibodies
• Have been described in untransfused males [see 11], clinical relevance uncertain

Antibodies generated by previous exposure to HLA specificities not present on current donor
• May have no cross-reactivity with HLA specificities on current donor, levels may rise due 

to immune upregulation
• May have cross-reactivity with HLA specificities on current donor, levels may rise due to 

immune upregulation or to antigen-specific stimulation

Antibodies generated by exposure to HLA specificities present on current donor
• May have cross-reactivity with HLA specificities not on the current donor, levels may 

rise due to immune upregulation or to antigen-specific stimulation
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or a primary response. In our current series of over 60 HLA antibody-incompat-
ible transplants, we have not observed a primary antibody response in the first
3 months post-transplant, whether donor-specific or corresponding to HLA
specificities not carried by the donor. All the post-transplant antibody specifici-
ties, identified using microbead assays, had been seen either immediately pre-
transplant or at some previous point in the patients’ serological history.

Care needs to be taken in interpreting the significance of NDSA as in cer-
tain cases these may actually be the same specificities as DSA. Cai et al. [8]
showed very clearly in certain cases that the post-transplant sera react with non-
donor antigens that share epitopes with donor mismatch HLA antigens, i.e. the
donor specificity is defined by epitopes not antigens. These authors similarly
showed other serological reactions corresponded to antigens not sharing epi-
topes with donor mismatches: these are therefore true NDSA (i.e. third-party-
specific antibodies). Such an analysis was only possible from the use of single
antigen reagents (in this case bead assays).

Other evidence of de novo true NDSA developing after transplantation is
provided when these appear before DSA [9, 10]. However, preferential absorp-
tion onto the donor organ might explain the delay in the appearance of DSA in
such cases and as the rejection response develops one might expect the kidney
to eventually become saturated, at which point they would become detectable in
the circulation.

‘Natural’ HLA antibodies may also be found, as recently described [11]. It
is postulated that ‘natural’ antibodies, stimulated by common microbial and
other antigens, may include some with cross-reactivity to epitopes on some HLA
molecules. The clinical significance of such antibodies is yet to be determined.

Despite the caveats above, the appearance of HLA-specific antibodies
after transplantation is well described and these tend to correlate with subse-
quent rejection although the time from first detection of antibody to graft loss
can range from days to decades. The mechanism of rejection associated with
the post-transplant development of HLA-specific antibodies has not been
defined; the antibodies may be directly causing rejection or an early trigger of
an undefined process [12]. Alternatively, post-transplant DSA and NDSA may
be a consequence of a rejection process.

Studies after Antibody-Incompatible Transplantation

Pre-Microbead Studies
Before the microbead method transformed our understanding of changes in

HLA antibody levels, many studies had examined the changes in HLA-specific
antibody levels after transplantation without being able fully to discriminate
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between DSA and those only binding to non-donor HLA. For example, in HLA
antibody-incompatible transplantation (AIT), several studies had examined changes
in antibody levels at various time intervals over the first 3 months. Using methods to
measure panel-reactive antibodies (PRA), which of course would include some
DSA, it was shown that NDSA persisted after transplantation. DSA levels fell after
successful engraftment, and rose if the graft was lost from rejection [13–16].

Microbead Studies of HLA Antibody Levels Early after Antibody-
Incompatible Transplanation
The levels of DSA and NDSA were followed in detail over the first month

after transplantation in our centre. Figure 1 shows data from 44 patients under-
going HLA AIT, the majority of whom received pre-transplant plasmapheresis.
Microbead analysis was performed as previously described [17]. The median
fluorescence intensity for each DSA was totalled to give an overall level of
donor-specific reactivity. NDSA were chosen in each patient so as to include
antibodies produced at comparable levels to DSA, but to avoid known cross-
reactivities. It can be seen that, overall, pre-transplant plasmapheresis removed
DSA and NDSA to a similar degree. Post-transplant, NDSA returned to base-
line levels, and then their levels declined slightly. By contrast, the DSA levels
fell further in the first few days, presumably due to absorption of antibody onto
the graft, then rose at a faster rate to a higher level than NDSA, presumably due
to antigen-specific stimulation of antibody production. This was followed by
donor-specific modulation of HLA antibody production.

Figures 2–4 show DSA and NDSA in individual patients during the first 60
days after transplantation. Each of the patients experienced a reversible rejection
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Fig. 1. Mean levels of DSA and NDSA in 44 patients receiving AIT. Levels are shown
as percentage of immediate pre-treatment result. Transplantation at day 0. Significant differ-
ence between DSA and NDSA levels at days 2–4 (p � 0.01).
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episode after transplantation associated with the rise in DSA levels, though in 2
cases (fig. 2, 4), rejection started in the early phase after transplantation when the
dominant serological finding was donor-specific absorption of antibody by the
graft. Each case shows variation in the NDSA responses after transplantation. At
least one NDSA in each case fell during plasmapheresis, and showed a short-term
rise towards pre-treatment levels after transplantation, and then a slow decline.
Other NDSAs, however, showed a rise to well above pre-treatment levels and then
fall, in patterns that followed the changes in DSAs. The pre-treatment level of
NDSA did not predict what pattern of post-transplant change would be observed.
The patient shown in figure 3 is interesting because a class I NDSA (HLA-A3-
 specific) did not show changes in levels post-transplant, whilst class II NDSAs
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Fig. 2. HLA antibody levels in antibody-incompatible transplant series case 56.
Complement-dependent cytotoxic crossmatch (non-AHG enhanced) was positive at a titre of
1 in 1 on day �7 when plasmapheresis started. Transplantation was on day 0. Rejection
started on day 2 and resolved on day 32. Treatment given included ATG (days 3–23), plasma-
pheresis (days 21, 22), and IVIG (days 25, 28). DSA upper panel, NDSA lower panel. Lower
panel also shows reactivity with HLA A30, a transplant mismatch to which the donor had not
previously generated an antibody response. MFI � Median fluorescence intensity of
microbead assay for HLA antibody level.
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Fig. 3. HLA antibodies levels in antibody-incompatible transplant series case 52. Pre-
treatment crossmatch was complement-dependent cytotoxic negative, flow cytometric posi-
tive on day �5, when plasmapheresis was started. Transplantation was on day 0. Rejection
started on day 9 and resolved on day 14. Treatment was given with OKT3 (days 10–15).
There was no post-transplant plasmapheresis. DSA, upper panel, class I NDSA middle panel,
class II NDSA lower panel, with additionally DR15 self antigen (null reactivity for compari-
son). HLA B7 and B60 do have at least one antibody binding epitope in common, but in
these sera the two corresponding antibodies are clearly distinct as they differ in behaviour.
MFI � Median fluorescence intensity of microbead assay for HLA antibody level.
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corresponding to HLA-DR17 and DRB3*02 rose and fell in the same manner as
class I DSAs. Donor and recipient were HLA DR and DQ identical, with the only
DSAs recognizing HLA B60 and Cw10, which would not normally be regarded as
sharing epitopes with DR17 and DRB3*02. These data from individual patients
are typical of patterns seen in many others in our series, and indicate potentially
complex interactions between DSA, activation of the immune system, and NDSA.

Clinical Significance of Non-Donor-Specific HLA Antibodies

Interestingly post-transplant de novo DSA and NDSA are both associated
with poor outcome. This seems reasonable for the former but how non-specific
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12. Treatment was given with OKT3 (days 6–12) and plasmapheresis (days 10, 11). DSA,
upper panel, NDSA lower panel. MFI � Median fluorescence intensity of microbead assay
for HLA antibody level.
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antibodies predispose to poor outcome is difficult to explain except that the
mechanism is likely to be different from the consequences of specific antibody
recognition of the transplant. The non-donor-specific nature of the antibodies
does implicate a non-specific immunological mechanism such as a general
enhanced state of immune reactivity, such as that seen in younger patients [18].
This could be a measure of prior sensitization or a reflection of under-immuno-
suppression, or a combination of both. The coordinated synthesis of DSA and
NDSA is consistent with observations of a general level of T-cell regulation and
recognition of non-self MHC mediated by CD4 cells specific for self or non-
specific MHC-derived peptides [19, 20].

In our antibody-incompatible transplant series a common feature in about
half of the transplants is an early and rapid rise of both DSA and NDSA. This
typically coincides with rejection which does not respond to further antibody
removal but can be treated successfully with anticellular agents such as OKT3.
In these cases, resolution of rejection is accompanied by modulation of both
DSA and NDSA (fig. 1, 2). Part of the explanation of post-transplant resynthe-
sis may involve the re-establishment of pre-treatment (plasmapheresis) anti-
body levels, but particularly in those cases where post-transplant levels exceed
the pre-treatment levels the response has the hallmark of a non-specific inflam-
matory response. In such a model, NDSA resynthesis would be a marker of a
rejection response but not a cause of the rejection. Coordinated synthesis of
DSA and NDSA implies a non-specific response while a DSA response in the
absence of NDSA would suggest a more specific anti-donor response.
Monitoring with single antigen beads can discriminate between these possibili-
ties and this gives us a qualitative measure of the rejection response. Donor-spe-
cific and third-party T-cell responses have been shown to vary in different liver
transplant recipients possibly because of differences in immunosuppression
efficacy [21]. Bearing in mind that we have shown OKT3 to be effective in
reversing antibody-associated rejection in AIT, DSA and NDSA testing may
have a particular role in guiding immunosuppression.

Further information on the causation of the NDSA response will come
from detailed measurement of changes in the levels on non-HLA antibody lev-
els during rejection and changes in NDSA levels. It has previously been noted
that CMV infection may be associated with a rise in HLA antibody levels [22],
and the reverse may be true. We are currently undertaking detailed measure-
ments of the levels of viral recall antibodies and ABO antibodies in our patients.

It is important to bear in mind that no causal relationship between de novo
DSA or NDSA and rejection has been proven for long-term grafts. While the
association between the two can be very strong, it may be that these are the her-
ald of an emerging pathological cellular rejection or a consequence of the rejec-
tion process. However the correlation of particularly the higher levels of DSA
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with graft failure [23] is a compelling indication of the pathogenicity of DSA in
these circumstances. Interestingly, C4d staining may not be a good predictor of
outcome [24] and is found in both DSA- and NDSA-associated rejection [25].
This is in contrast to the effect of preformed DSA present at the time of trans-
plantation which when at high titre cause hyperacute rejection while even high
titre NDSA have no such effect. Whether late de novo DSA or NDSA are directly
harmful or not, they are clearly important markers of outcome. The ease of use of
the novel bead assays which can give very accurate and precise results in a timely
manner makes them an important tool in post-transplant management.

In summary, NDSA are not directly damaging to renal transplants, in that
patients with a negative crossmatch do not experience hyperacute rejection after
transplantation, even in the presence of high levels of NDSA. In the first month
after transplantation, the levels of NDSA slowly fall, but in some patients their
levels initially rise during a rejection episode with increased synthesis of DSA.
This could be due to antibodies binding with shared epitopes on donor-specific
and non-donor-specific HLA, or due to non-specific immune upregulation.
Further investigation of the levels of NDSA in the context of the levels of DSA
and other immunoglobulins will lead to important insights into the control of
DSA responses.
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Abstract
More than one quarter of renal allograft recipients are susceptible to antibody-mediated

rejection (AMR). There are well-established therapies (plasmapheresis, immunoadsorption,
intravenous immunoglobulin, rituximab, rATG, splenectomy) to overcome AMR in the short
term. However, the usual persistence of donor-specific antibodies (DSA) post-transplanta-
tion rather than to produce an accommodation state is associated to development of trans-
plant glomerulopathy and then to a progressive renal allograft function deterioration. Thus,
novel strategies are needed to prolong graft survival in this setting. First of all, an appropriate
maintenance immunosuppression is needed to avoid the activation of direct and indirect anti-
gen presentation pathways in combination with reliable immunomonitoring methods.
Among new approaches, experimental studies suggest that strategies like anti-C5 mAb
addressed to induce an accommodation state in endothelial cells may be useful.
Costimulation blockade, particularly interference of the CD40-CD154 pathway, would be of
relevance. Interference of CD40 by siRNA technology is able to induce a protective pheno-
type (anti-inflammatory, anti-apoptotic, anti-coagulant) in endothelial cells in conjunction
with fully avoidance of adaptative humoral immunity in the host.

Copyright © 2009 S. Karger AG, Basel

Antibody-mediated rejection (AMR) was identified as the first immunolog-
ical hurdle in human transplantation. In fact, natural occurring xenoatibodies
and anti-ABO antibodies (Ab) were recognized early as an insuperable barrier in
renal transplantation [reviewed in 1]. Thus, clinical transplantation became allo-
transplantation with donor and recipient having the same ABO phenotype.
Moreover, identification of hyperacute rejection in patients showing anti-HLA

Short- and Long-Term Impact of Post-Transplant Antibody Development
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Ab made mandatory to perform a pre-transplant cross-match. Both the apoc-
ryphal belief in pre-transplant cross-match screening to discard active humoral
immune response against the donor and the lack of sensible and reliable markers
for detecting AMR give explanation to the surprising fact that AMR was nearly
neglected in human renal transplantation during years. Actually, rejection
episodes were considered T-cell-mediated and treated accordingly with corticos-
teroids and/or antilymphocyte antibodies. However, there were some unexpected
cases of lack of response to these therapies that resulted in subsequent graft loss.
We do know now that many of those graft losses were due to AMR. Nowadays,
new tools allow more accurate identification of AMR. Firstly, the complement
degradation product C4d proposed as histological marker of humoral-mediated
damage already in 1993 [2] was incorporated to the Banff scoring system in
2003 and, secondly, new techniques of Ab detection allow identification of pre-
viously undetectable levels of donor-specific antibodies (DSA) [3]. Therefore,
acute AMR can be easily diagnosed and smoothes the progress of growing
knowledge about the contribution of DSA in chronic allograft damage. However,
some controversy exists about the pathogenic role of DSA in stable renal allo-
grafts and even some authors postulate that they may be necessary to achieve
accommodation, that is, to achieve graft resistance to immune-mediated injury
[4]. From our point of view, the frontier between T- and B-cell alloimmune
responses is not clearly delineated and the appearance of post-transplant DSA
may represent an insufficient maintenance immunosuppressive state. For
instance, HLA-sensitized patients showed high risk of both T-cell and AMR after
transplantation, suggesting the presence of active effector/memory T and B cells
[5]. In addition, relevant experimental models have demonstrated how the donor-
specific humoral alloimmune response seems to be dependent on the indirect
pathway of antigen presentation in order to allow isotype switching to IgG [6].
Recently, we have observed that nearly 50% of patients have direct or indirect
antigen presentation pathway alloreactivity long term after transplantation and
both pathways are associated with graft dysfunction [7]. So we can speculate
that those patients with long-term active donor-specific T-cell response could
further mount an active B-cell response and develop the so-called chronic AMR.
Thus, the first step to avoid DSA production should probably be to provide an
appropriate control of T-cell alloresponses. Sun et al. [8] reported 11 cases of
early, steroid-resistant, mixed cellular and humoral acute rejection (from border-
line to IIB) that can be successfully treated by strengthening maintenance
immunosuppression, that is, by giving tacrolimus � mycophenolate mofetil
(MMF), without any additional intervention. Nonetheless, the B-cell effector
compartment may also mount an active alloimmune response against the graft
regardless a T-cell effector response [9], thus driven-specific therapeutic
approaches against AMR should be done in some patients.
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Here, we will focus on B-cell alloreactivity and the different therapeutic
approaches described to be taken into account in the clinical practice to over-
come the humoral barrier, as well as new promising immunosuppressive strate-
gies that have shown significant positive results in different experimental
models.

Conventional Approaches to Control Anti-Donor 
Antibody Production Post-Transplantation

Currently more than 30% of all patients awaiting a deceased donor kidney
transplant are sensitized to human leukocyte antigens (HLA). This immuno-
logic state is a very important barrier to both access and success in kidney
transplantation for patients with high levels of Ab against HLA molecules
(panel-reactive Ab or PRA above 80%) awaiting for either a deceased donor
kidney or for those specifically sensitized to their respective living donor graft.
Furthermore, if transplanted, these patients have a significant increased risk of
rejection and reduced graft survival [10]. Therefore, these highly sensitized
patients are destined to remain on the waiting list for a long period of time [10].
Until rather recently, there was no therapeutic attempt in order to deal with this
problematic situation. Several approaches have now been described and all of
them are basically based on two main objectives: antibody removal from
peripheral blood using either plasmapheresis (PP) or immunoadsorption, and
immunomodulation of B-cell alloreactivity by using intravenous immunoglob-
ulin (IVIg) either at high or low doses and the anti-CD20 monoclonal Ab
Rituximab®. Also of note is that other agents such as alemtuzumab and rabbit
anti-thymocyte globulin (rATG) are also being used in order to synergize with
the previous cited strategies. Noteworthy, over the past years, two main strate-
gies have been combined: either high-dose IVIg or PP � low-dose IVIg. In
addition, regardless of all previous protocols, it seems that the maintenance
immunosuppressive therapy should be based on a triple therapy regimen with a
calcineurin inhibitor drug, preferentially tacrolimus, MMF and steroids. These
strategies have shown their efficacy in the short term but chronic exposure to
DSA, even at low levels, may account for chronic renal allograft damage.
Additionally, current immunosuppression does not always avoid the appearance
of de novo DSA.

Techniques for Antibody Removal
The most commonly used method to remove large proteins from plasma is

plasma exchange [10], in which a considerable volume of plasma is replaced by
albumin, colloids and/or fresh-frozen plasma. However, despite its efficacy, the
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plasma exchange has relevant disadvantages, such as risk of infections and loss
of physiological plasma components as coagulation factors, hormones, and
antiviral and antibacterial immunoglobulin G (IgG) and immunoglobulin M
(IgM). The main advantage of this technique is the possibility to remove at the
same time different antibodies such as ABO, HLA and vascular endothelial cell
antibodies. Also, this procedure is the cheapest technique for removing antibod-
ies. A slightly different technique from the classical plasma exchange described
before is the so-called double-filtration PP. In this technique, the plasma ini-
tially separated from whole blood is processed through a plasma fractionator
where substances with molecular weights of 170,000 (IgG) and 1,000,000
(IgM) are filtered out and removed. The remaining plasma is returned to the
patient with a small amount of supplementation fluid, mainly albumin Ringer
solution, as some albumin is also removed. The protein A column
(Immunosorba®) is another tool containing protein A, a component of the bac-
terial membrane of Staphylococcus aureus, which is covalently immobilized to
a Sepharose matrix. Protein A has affinity to the fixed region of immunoglobu-
lin antibodies. Therefore, these columns are used to remove antibodies and
immune complexes from the patient’s plasma and other proteins bound to
immunoglobulins. Because only the immunoglobulin antibodies are adsorbed,
no volume replacement is necessary. The specific adsorption of immunoglobu-
lins without the loss of essential plasma components such as albumin, fibrino-
gen and ATIII give this device an important advantage. It has been used in
protocols for desensitization [11, 12] as well as recurrence of focal segmental
glomerulosclerosis. The main disadvantage is the cost, which is 2–3 times that
for conventional plasma exchange.

Intravenous Immunoglobulin
IVIg have shown several relevant immunomodulatory and immunoregula-

tory effects on different inflammatory and autoimmune disorders, namely
changes of autoantibody and alloantibody levels through induction of anti-idio-
typic circuits [13, 14], abrogation of cytokine gene activation and anticytokine
activity [15], Fc receptor-mediated interactions with antigen-presenting cells to
block T-cell activation, anti-T-cell receptor activity, stimulation of cytokine
receptor antagonists, anti-CD4 activity [14, 16, 17], and inhibition of comple-
ment activity [18]. Also, it has been shown that IVIg induces significant B-cell
apoptosis in vitro through Fc receptor-dependent mechanisms [15]. Moreover,
IVIg have been shown to induce the expression of FcRIIB, an inhibitory recep-
tor on B cells, thus leading to a beneficial effect in inflammatory disorders by
decreasing B-cell activation through interactions with FcIIB. All these mecha-
nisms might be of relevance for modification of allosensitization. Treatment
with IVIg in highly sensitized patients has shown significant improvement
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regarding reduced allosensitization, fewer AMR events and successful long-
term allograft survival both in heart and kidney transplantation [19]. Moreover,
IVIg treatment has been shown to be effective in patients undergoing AMR
[20].

Anti-CD20 Monoclonal Antibody (Rituximab)
Rituximab is a humanized murine monoclonal antibody (IgG1�), directed

against CD20 antigen, a transmembrane protein present during different steps
in the maturation of B lymphocytes. CD20 is expressed early in B-cell
ontogeny, but its expression is absent on plasma cells. Rituximab eliminates
cells by three mechanisms: Ab-dependent cell-mediated cytotoxicity, apoptosis,
and complement-dependent cytotoxicity [21]. Although primary indication for
rituximab is non-Hodgkin’s lymphoma, encouraging results have been observed
in some autoimmune diseases. In renal transplantation, rituximab has also been
proved as an effective and safe therapy for refractory acute humoral rejection
and to prevent acute rejection in highly sensitized patients on the waiting list
[22], being an encouraging new therapy for antibody-mediated pathology with
a safe profile. Furthermore, rituximab therapy has also been shown to be useful
in patients with post-transplant lymphoproliferative disease [23].

Campath-1H (Alemtuzumab) and Rabbit Anti-Thymocyte 
Globulins
Campath-1H is a humanized anti-CD52 mAb. CD52 is a glycosylphos-

phatidylinositol-anchored glyprotein determinant highly expressed on both T
and B cells. Although it has shown its efficacy in vitro, it has been shown in
vivo to paradoxical increase rates of AMR when combined with a non-cal-
cineurin inhibitor drug [24]. Also, it seems that T-cell repopulation in peripheral
blood after depletion would be mainly by memory T cells. Thus, its use in
highly sensitized patients is somewhat controversial.

rATGs are polyclonal antibodies against different lymphocyte surface mol-
ecules. Although it seems that the main immunosuppressive activity is directed
against T cells, rATG has shown an anti-B cell and plasma cell action. In fact,
Zand et al. [25] showed a strong apoptosis induction in vitro against naive, acti-
vated B cells and bone marrow resident plasma cells at clinically relevant con-
centrations. Therefore, rATG could have an interesting role as induction therapy
in highly sensitized patients.

Therapeutical Approaches in the Clinic
The only controlled, randomized clinical trial studying highly sensitized

patients was conducted by the National Institutes of Health (the NIH IG02
study) from 1977 to 2000 [13]. They compared IVIg versus placebo in highly
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sensitized renal transplant recipients. This study showed that IVIg was superior
to placebo in reducing anti-HLA Ab levels and it had a trend to improve allo-
graft survival at 3 years of follow-up. Importantly, the projected mean waiting
time to transplantation was 4.8 years for patients treated with IVIg as compared
with 10.3 years for those who received placebo.

Interestingly, in order to evaluate which patients could benefit from receiv-
ing IVIg, the group of Cedars-Sinai developed the IVIg-PRA/cross-match
(CMX) test to determine if IVIg could inhibit PRA or CMX positivity of
patient’s sera in vitro. This test seems to be helpful in predicting which patients
are likely to benefit from IVIg therapy, though some reluctant explanations
have emerged for the reduction of anti-HLA antibody-mediated cytotoxicity in
vitro such as inhibition of complement activation by the Fc fragment of IgG
molecules in the IVIg preparations [26], or possible contamination of IVIg
products with soluble HLA molecules. However, data from this group [27] con-
trast significantly with these observations. Therefore, in vitro reductions of
PRA or CMX pre-transplantation would allow the patients to receive pre-trans-
plantation high-dose IVIg to enhance their chances for a successful transplant.
Following this test, transplantation may subsequently be done when a negative
or acceptable CMX is achieved. In Cedars-Sinai’s program, an acceptable CMX
is defined as a negative CDC CMX with flow CMX positivity �200 channel
shifts for T and B cells.

The first approach of the Cedars Sinai’s group [28] was to differentiate
between two different transplant populations on the waiting list regarding the
potential effectiveness of IVIg in vitro. When IVIg showed any in vitro inhibi-
tion of the CDC-CMX test, patients receive 2 g/kg IVIg monthly for 4 months
until a negative or acceptable CMX is available. Then, 1 month after transplan-
tation, patients receive a final IVIg dose. With a follow-up ranging from 3 to 5
years, this protocol showed 97 and 87% of patient and graft survival, respec-
tively. The acute rejection rates were 36% and mean serum creatinine was
1.5 � 0.4 mg/dl. On the other hand, patients who do not show any in vitro inhi-
bition of the CDC CMX or PRA levels receive 5 plasma exchange treatments
during the previous 3 weeks before transplantation, followed by a unique IVIg
dose (2 g/kg) with an additional dose of anti-CD20 monoclonal Ab (rituximab
375 mg/m2). Following this protocol, patients received successful transplants
and no acute rejection events have been reported so far [10].

Alternatively, other groups such as the Mayo Clinic [29], have shown a sim-
ilar success in the short term using a preconditioning regimen with 4–5 PP treat-
ment and low-dose of CMV-Ig (100 mg/kg) after each PP both pre- and
post-transplantation. These patients were given anti-IL-2 receptor as induction
therapy and maintained immunosuppression with tacrolimus, MMF and pred-
nisone. In addition, some patients received anti-CD20 and/or had splenectomy if
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considered as high-risk recipients. With a follow-up ranging from 3 to 5 years,
patient and allograft survival were 97 and 80%, respectively. They reported 35%
of acute rejection rates and a mean serum creatinine of 1.6 � 0.6 mg/dl.

While each regimen has shown successful results, comparisons between
them have been difficult because of relevant differences in the patients enrolled,
assays used to define DSA levels and the outcomes studied. Nonetheless, one
single-center study [30] compared the efficacy of a single high dose of IVIg to
two PP/low-dose IVIg-based regimens (PP/low-dose IVIg/anti-CD20 Ab and
PP/low-dose IVIg/anti-CD20 Ab/pre-transplant thymoglobulin) in order to
achieve a negative T-cell CDC CMX in renal transplanted patients with high
levels of DSA. This study showed that multiple PP treatments lead to an
increased achievement of a negative CMX and lower rejection rates after trans-
plantation (80, 37, 34%, respectively). Nonetheless, no regimen showed full
efficacy in preventing humoral rejection.

Likewise, Anglicheau et al. [31] showed the 1-year follow-up results of the
beneficial effects of several post-transplant doses of IVIg in highly sensitized
patients. In this study, 4 doses of 2 g/kg IVIg at days 0, 21, 42 and 63 were
given, together with induction therapy with either thymoglobulin or anti-IL-2
receptor and tacrolimus/cyclosporine, MMF and steroids as maintenance ther-
apy. They showed excellent patient and graft survival (97 and 95%, respec-
tively) and biopsy-proven acute cellular and humoral rejection rates at 12
months of 18 and 10%, respectively. Interestingly, a significant decrease of
PRA, both class I and II, and an acceptable glomerular filtrate rate was
observed 1 year after transplantation (48 � 17 ml/min). However, some con-
cern was raised because a significant increase in allograft glomerulopathy and
interstitial fibrosis/tubular atrophy was observed in protocol biopsies at month
12 after transplantation. Thus, this finding suggests that a progressive undergo-
ing chronic subclinical humoral rejection might take place in these patients,
emphasizing the need of new and more reliable assays for immune monitoring
them.

Recently, an exploratory, open-label, phase 1–2 single-center study [32]
examined another approach for reducing time to desensitization and costs in
highly sensitized patients, combining high-dose IVIg twice and the chimerical
anti-CD20 monoclonal Ab (rituximab) twice pre-transplantation. Interestingly,
they show a significant decrease in the PRA levels after treatment and a signif-
icant reduction of the mean time on the waiting list for receiving a transplant,
both in deceased and living donors. In addition, they show 12-month excellent
graft and patient survival (100 and 94%, respectively) as well as a good allo-
graft function. Unfortunately, no histological assessment with protocol biopsies
was available. Nonetheless, larger and longer trials need to be done to evaluate
the safety and efficacy of this regimen.
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At Bellvitge Hospital, we are currently conducting an immunosuppressive
protocol for highly sensitized patients (table 1). This regimen is mainly focused
on deceased donor transplant patients who display a negative CDC CMX at the
time of transplantation. The regimen is based on one pre-transplant PP treat-
ment and a single dose of IVIg (1 g/kg) pre-transplantation followed by 3 more
doses (also 1 g/kg) on days 2, 4 and 6 post-transplantation. In addition, these
patients receive a T-cell depletion induction therapy with rATG at total accumu-
lative doses of 4.5 mg/kg. The maintenance immunosuppressive regimen is
based on tacrolimus, MMF and prednisone. So far, among the 11 patients with
a follow-up �1 year, we have excellent patient and graft survival with �20% of
acute rejection episodes, all of them steroid-sensitive.

New Concepts, Novel Immunosuppressive Approaches to Control 
Anti-Donor Antibody Production Post-Transplantation

The appearance of DSA has been recently postulated as the first stage of
the antibody-mediated allograft damage. After DSA, there is C4d deposition,
then transplant glomerulopathy, and finally renal failure [33]. In this process
the endothelial cell already plays an important role. Several years ago, Bach et
al. [34] postulated that accommodation is associated with increased expression
of the survival proteins Bcl-2, Bcl-xL, A20, and HO-1, and resistance to
 complement in endothelial cells. In the 1990s, inhibition of complement was

Table 1. Results from the Bellvitge’s protocol for HLA-sensitized patients

Case PRA (%) PRA (%) Tx, n Time after Acute Outcome
peak pre-Tx Tx, months rejection

1 56 51 2 30 Yes Functioning
2 60 20 1 25 No Functioning
3 96 77 2 25 No Functioning
4 93 37 3 10 (dead) No Cardiac death

(10 months)
5 58 18 2 20 No Functioning
6 71 0 3 20 No Functioning
7 77 0 2 20 No Functioning
8 96 74 2 18 No Functioning
9 90 60 2 13 No Functioning
10 51 21 2 12 No Functioning
11 52 23 3 12 Yes Functioning
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considered as an optimal approach to avoid hyperacute xenograft rejection [35].
Thus, kidneys from transgenic pigs expressing human complement regulatory
proteins were resistant to hyperacute rejection [reviewed in 1]. Also, some solu-
ble inhibitors of complement were able to inhibit this process, although none
further developed in the transplantation field. More recently, Rother et al. [36]
reported that C5 blockade by anti-C5 mAb (FDA approved for paroxysmal noc-
turnal hemoglobinuria) associated with conventional immunosuppression
induced long-term survival in presensitized murine recipients and is associated
with allograft expression of some ‘protective accommodation proteins’. C5
blockade seems attractive for intervention since early complement elements are
preserved. Early components of complement are involved in immune complex
solubilization and opsonization of pathogens. Moreover, Csencsits et al. [37]
postulated that C1q is an important contributor to counterbalance cellular and
humoral immune responses during acute rejection.

We have recently assessed the role of CD40 signaling in endothelial cells
by gene expression analysis microarrays [38]. Briefly, we activated endothelial
cells by CD40-CD40L (CD154) pathway (Jurkat D1.1) in controls and in
endothelial cells transfected with siRNA CD40 [39]. Interestingly, CD40-
CD40L activation on endothelial cells regulated 715 genes, 25% upregulated
and 75% downregulated. Among these genes there are adhesion molecules,
antiapoptotic genes, cytokines and chemokines, growth factors, metallopro-
teases, innate immunity genes, transcription factors, complement system genes,
vasomotor genes and hemostasis and coagulation factors. In a next step we have
studied the CD40 siRNA effect in a rat model of humoral rejection.
Interestingly, CD40 siRNA transference into the kidney pre-transplantation
without any additional immunosuppressive therapy prolonged graft survival.
Actually, CD40 blockade entirely prevented the development of histological
features of humoral acute rejection and CD40 siRNA-treated kidneys were lost
due to acute cellular rejection [40]. 

On the other hand, CD40 is constitutively expressed on antigen-presenting
and B cells. The CD154-CD40 interaction is required for effective activation of
both T and B cells. CD40 engagement by its ligand, CD154, stimulates B-cell
proliferation, differentiation, isotype switching, development of germinal cen-
ters, and immunologic memory. In an exciting work, Xu et al. [41] clearly
demonstrated that the CD40-CD40L pathway is crucial for MHC sensitization.
Unlike the ICOS pathways, blockade of this CD40 costimulatory pathway pre-
vented development of anti-MHC antibodies although it did not avoid T-cell-
mediated rejection. The combination of CD40 blockade with T-cell depletion
induced long-term tolerance. Thus, there is increasing evidence for considering
CD40 as a potential therapeutic target to facilitate EC ‘protective gene expres-
sion’ and to inhibit adaptive humoral immunity.
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Abstract
Antibodies and B cells are increasingly recognized as major modulators of allograft

function and survival. Improved immunohistochemical and serologic diagnostic procedures
have been developed to monitor antibody responses against HLA antigens during the last
decade. Acute and chronic allograft rejection can occur in HLA-identical sibling transplants
implicating the importance of immune response against non-HLA targets. Non-HLA anti-
bodies may occur as alloantiboides, yet they seem to be predominantly autoantibodies.
Antigenic targets of non-HLA antibodies described thus far include various minor histocom-
patibility antigens, vascular receptors, adhesion molecules, and intermediate filaments. Non-
HLA antibodies may function as complement- and non-complement-fixing antibodies and
they may induce a wide variety of allograft injuries, reflecting the complexity of their acute
and chronic actions. Refined approaches considering the subtle mechanistic differences in
the individual antibody responses directed against non-HLA antigens may help to define
patients at particular risk for irreversible acute or chronic allograft injuries and improve over-
all outcomes. We attempted to summarize the current state of research, development in diag-
nostic and therapeutic strategies, and to address some emerging problems in the area of
humoral response against non-HLA antigens beyond ABO blood group and MHC class I
chain-related gene A and B (MICA and MICB) antigens in solid organ transplantation.

Copyright © 2009 S. Karger AG, Basel

The first 50 years of transplantation medicine were dominated by under-
standing and modulating the T-cell-mediated immune response that resulted in
significant development of immunosuppressive modalities and in an improved
overall allograft survival. More precise and more sensitive HLA donor-specific

Short- and Long-Term Impact of Post-Transplant Antibody Development
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antibody flow cytometric and solid-phase tests, in parallel with the recognition
of the complement split product C4d as an immunohistochemical marker of
antibody-mediated response in the allograft, directed the transplant commu-
nity’s attention towards antibody-mediated injuries [reviewed in 1].
Modification of histologic classifications [2], clinical and diagnostic recom-
mendation, and multiple therapeutic choices targeted either at modulation of B-
cell response, at antibody removal, or modulation of antibody action [1],
document the productivity in this area. Unfortunately, many of these develop-
ments cannot be easily translated to the field of antibody response against non-
HLA antigens. Putative pathogenic antibodies that are not directed against the
HLA system were considered in recipients who rejected HLA-identical kidneys
more than three decades ago [3]. Relevance of non-HLA-related humoral
immunity was recently confirmed in a large cohort of renal allograft recipients
from the Collaborative Transplant Study (CTS) [4]. However, characterization
of non-HLA antibodies and their detection in terms of standardized diagnostic
tests remains difficult. Another conceptual difficulty is that these antibodies
rarely appear to recognize alloantigens while most are directed against autoanti-
gens. Similar to some autoimmune diseases, non-HLA antibodies may be diag-
nostically useful in certain clinical situations but they do not immediately
represent an effector mechanism. For this reason, it is important to better under-
stand how non-HLA antibodies induce allograft injuries in order to improve
therapeutic approaches.

Targets for Non-HLA Antibodies

The Endothelium
Antibody response against vascular endothelial cells [5, 6] received close

attention because of the endothelium’s critical location between intravascular
and interstitial compartment. Beyond its barrier function, endothelium is
responsible for the regulation of the hemodynamics, angiogenic vascular
remodeling, metabolic, synthetic, anti-inflammatory and antithromobogenic
processes. Prominent vascular abnormalities are the consistent finding during
hyperacute, acute, and chronic renal and cardiac allograft rejection [2, 5].
Anti-endothelial cell antibodies (AECA) are implicated in endothelial injury
of renal and cardiac allografts [5]. In the transplanted lung, the septal capil-
lary endothelium is the antigenic target for AECA [5]. However, till date the
antigens targeted by AECA remain largely unknown and the detection is
clearly hampered by a vascular-bed- and injury-stimulus-dependent hetero-
geneity of endothelial targets [7], what makes most observers skeptical about
their relevance. It is also not clear whether AECA represent a primary mech-
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anism inducing endothelial damage or may arise secondary to the preexisting
endothelial injury or viral infection. Cytomegalovirus can for example induce
polyclonal AECA that recognize targets beyond endothelial antigens. Aside
from ABO blood group antigens and the HLA class I and II antigens,
endothelial cells express minor histocompatibility antigens. However, the sus-
pected existence of a common polymorphic non-HLA antigen system in
endothelial cells could not subsequently be confirmed by biochemical identi-
fication of the relevant antigens. AECA are especially common in renal trans-
plant recipients who are presensitized against a panel of HLA antigens and
seem to recognize endothelial cell antigens that can be induced upon TNF-�
and IFN-� stimulation, underlining a permissive role of endothelial activation
for pathogenicity of AECA [8]. The most significant barrier to the general
acceptance of AECA as causative or modifying agent of various allograft
pathologies will remain the lack of standardized assays to determine their
presence. The major reason for these difficulties is the heterogeneity of the
endothelial antigens and vascular-bed-dependent distribution. Nevertheless,
more precise definition of antigen targets with subsequent development of
assays for AECA is emerging.

Intermediate Filaments – Vimentin
Vimentin is a non-polymorphic intermediate filament protein mainly

expressed in cytosole of mesenchyme-derived cells including endothelial and
vascular smooth muscle cells [9]. While resting leukocytes show cytosolic dis-
tribution of vimentin staining, activated platelets and macrophages, as well as
apoptotic neutrophils and lymphocytes, express vimentin on their surfaces [9].
Cardiac transplant patients who develop anti-vimentin antibodies (AVA) during
first 2 post-transplant years are more likely to develop transplant vasculopathy
[10]. Autoimmunity against vimentin also features self-restricted vimentin-spe-
cific CD8� T cells detected in cardiac transplant patients [11]. In renal trans-
plant patients, autoimmune response to vimentin has been demonstrated to
occur more frequently in association with renal allograft loss. Studies employ-
ing cynomolgous monkey animal models support a causative role for AVA in
chronic cardiac but not in renal allograft vasculopathy or rejection [12]. The
reasons for the organ-restricted manner of AVA response are not clear.
Calcineurin inhibitor-based immunosuppression has no effect on production of
AVA in the experimental setting. Vimentin-immunized/complete Freund’s adju-
vant recipient mice of minor mismatch mouse cardiac allografts develop accel-
erated rejection, that is absent in vimentin-immunized B-cell-deficient IgH
mice, and can be restored by transfer of AVA [13]. High titers of AVA IgM and
IgG could be eluted from rejected mice cardiac allografts, suggesting that AVA
bound to allograft structures [13].
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Vascular Receptors – Angiotensin Type 1 Receptor
Angiotensin type 1 receptor (AT1R) is a seven-transmembrane-spanning

G-protein-coupled receptor comprising an extracellular, glycosylated region
connected to the seven transmembrane �-helices linked by three intracellular
and three extracellular loops [14]. AT1R mediates the majority of physiologic
and pathophysiologic actions of its endogenous ligand, angiotensin II (Ang-II),
including regulation of arterial blood pressure and water-salt balance [14].
Overactivity of the Ang-II-AT1R axis leads to hypertension, cardiac, renal, and
vascular remodeling resulting in substantial morbidity and mortality from vari-
ous cardiovascular conditions [14]. The human gene for AT1R is located on
chromosome 3. Although there are several polymorphisms described for AT1R,
they have not been investigated in the context of alloimmune response. The
most extensively studied A1166C polymorphism is associated with increased
responsiveness to Ang-II and various cardiovascular and renal pathologies.

We recently reported the presence of agonistic antibodies against the Ang-
II type 1 receptor (AT1R-Abs) in 16 recipients of renal allografts who had
severe vascular rejection and malignant hypertension, but who did not have
anti-HLA antibodies [15]. AT1R-Abs bind to and recognize epitopes on the sec-
ond extracellular loop of the AT1R [16]. AT1R-Abs have also been associated
with preeclampsia [16]. Pregnancies complicated by preeclampsia and graft
rejection bear some immunologic similarities. The described epitopes for AT1R-
Abs isolated from transplant patients do not entirely coincide with those
described in preeclampsia. The decision to seek and isolate AT1R-Abs was
instigated by the serendipitous observation that the first patient we studied
developed accelerated vascular rejection refractory to steroids and anti-lympho-
cyte antibody preparations in a ‘zero-mismatch’ kidney. Rapid onset of malig-
nant hypertension with seizures during the rejection process was so reminiscent
of eclamptic crisis in pregnancy, a condition that she had developed two
decades before transplantation that we started to prospectively look for patients
with similar clinical features. Diagnosis of a further 15 patients was based on
severe vascular pathology, absence of donor-specific antibodies, hypertensive
crisis accompanied by seizures in 3 other patients, and lack of response to
steroids or anti-lymphocyte preparations. Detection of AT1R-Ab activity ini-
tially relied on the bioassay that measures the chronotropic responses to AT1R-
IgG-mediated stimulation of cultured cardiomyocytes coupled with
receptor-specific antagonists. The dose-response relationship between AT1R-
Ab concentration and the chronotropic response is linear [16]. The time-con-
suming setting bioassay precluded screening larger patient cohorts at the time
when the initial study was performed. Only patients with suggestive clinical
features and biopsy findings and not all patients with allograft dysfunction were
tested. Removal of AT1R-Abs by plasmapheresis in combination with pharma-
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cologic AT1R blockade improved renal function and graft survival in AT1R-Ab
positive patients. Passive transfer of human IgG containing AT1R-Abs induced
a transmural arteritis similar to human situation and led to increased blood pres-
sure in otherwise non-rejecting and normotensive transplanted animals [15].
These findings provided further evidence that AT1R-Abs may have a causative
role. However, it remains unclear whether or not AT1R-Abs may initiate anti-
body-mediated rejection in a syngeneic context.

Other Identif ied Targets
Endothelial IgM antibodies against non-polymorphic intercellular adhe-

sion molecule-1 (ICAM-1) residues were found in cardiac transplant patients
[17]. Glomerular basement membrane (GBM) duplication, a structural hall-
mark of transplant glomerulopathy, has been considered as a consequence of
antibody response against heparan sulfate proteglycans. Agrin and perlecan are
heparan sulfate proteglycans involved in the maintenance of glomerular filtra-
tion barrier [18]. Renal transplant patients with proteinuria develop IgG anti-
bodies against a side chain of agrin that reacts with GBM extracts. The
anti-agrin antibodies are associated with duplication of the GBM [18].
Incubation of kidney sections with sera derived from transplant glomerulopathy
patients induces linear GBM staining patterns colocalizing with agrin and to
lesser extent with perlecan [18]. In an experimental model of low-allogeneic rat
renal transplantation, anti-GBM donor-specific IgG1-mediated responses rec-
ognize perlecan and collagen types IV and VI.

Etiology of Non-HLA Antibodies

Due to the polymorphic nature of some of defined non-HLA antigens,
the way of sensitization may be similar to those of anti-HLA antibodies.
Another possibility is that antigenic determinants from targets for non-HLA
antibodies, which are protected against the immune attack under physiologic
conditions, may become accessible after injury to the target tissue.
Subsequent liberation and presentation of target antigens to the immune sys-
tem may then induce an autoimmune response that is precipitated in the vari-
ous conditions. For instance, molecular mimicry could trigger the initial
activation of autoreactive T cells and/or induce expansion of the memory T-
cell population. Non-HLA antibody-triggered perpetuation of immune-medi-
ated target tissue damage involving both humoral and cellular
(antigen-specific T cells) is the worst-case scenario. Non-HLA antibodies
may also arise secondary to immune activation or as a result of tapered
immunosuppression as they are frequently detected in the long-term trans-
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plant recipients [19] or in conjunction with other forms of acute rejection.
Transplants are indeed powerful stimulators of antibody production. Immune
responses that are directed against persistent infectious agents, and not
against auto- or alloantigens, can also induce tissue damage and thus possibly
play a role in generation of non-HLA antibodies in general.

Pathogenicity of Non-HLA Antibodies

Donor-specific anti-HLA alloantibodies initiate rejection through comple-
ment-mediated and antibody-dependent cell-mediated cytotoxicity [1]. AVA
seem to fix complement as implicated by the finding of C3d deposition in
mouse model [13]. C3d serves as a pendant for C4d in rodent models. C4d
deposition has been found in arteries of cardiac allografts to cynomolgous mon-
keys with high AVA IgM titers, even in the absence of alloantibodies. Renal
allograft biopsies with severe vascular changes such as fibrinoid necrosis are
C4d-negative in 40–50% of cases, implicating involvement of either non-com-
plement-fixing antibodies or other mediators [20]. Anti-GBM antibodies tar-
geting perlecan may through proteolysis and degradation of perlecan induce
profound changes in its biological activity [21]. Complement-dependent and
complement-independent mechanisms are not mutually exclusive and may be
particularly relevant in different settings and time frames of non-HLA anti-
body-mediated allograft injury [22] (fig. 1).

Non-HLA antibodies may also contribute to short- and long-term struc-
tural changes in the arterial wall or duct epithelia that promote clotting or/and
narrowing. AT1R-Abs may act as an allosteric activator in a similar manner as a
natural ligand for the AT1R, Ang-II. AT1R-Abs derived from preeclamptic
patients enhanced promoter activity of tissue factor, an initiator of extrinsic
coagulation pathway and a target gene for AP-1 and nuclear factor-�B (NF-�B)
in vitro [15]. In parallel, renal transplant biopsy specimens obtained during an
AT1R-Ab-mediated rejection episode revealed intense diffuse tissue factor
staining of epithelial, endothelial and mesangial cells in absence of complement
activation [15]. Tissue factor mediates clotting abnormalities associated with
hyperacute and xenograft rejection, as well as in antiphospholipid antibody syn-
drome [22, 23].

AT1R-Abs exert direct effects on endothelial and vascular smooth muscle
cells via induction of Erk1/2 signal transduction cascade. Incubation of nuclear
extracts of vascular smooth muscle cells with AT1R-Abs activated transcription
factor activator protein 1 (AP-1) downstream from Erk1/2 [15]. AT1R-Ab also
increased DNA binding activity of NF-�B transcription factor and increased
expression of NF-�B proinflammatory target genes such are chemokines MCP-
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1 and RANTES [15]. Anti-ICAM-1 antibodies derived from cardiac transplant
patients also cause activation of Erk-mitogen-activated protein kinase pathway
and likely contribute to the endothelial cell activation via induction of down-
stream proinflammatory signaling pathways [17].

Permissive Factors of Injury

Additional antigenic targets for non-HLA antibodies can be generated on
injured or activated target cells. Cytokine-mediated endothelial cell activation
may act as a danger signal and seem prerequisite for the induction of severe
non-HLA antibody-related phenotypes. Lack or attenuated pathologies in allo-
grafts from living donors despite the presence of AT1R-Abs support this consid-
eration. In addition, the complete lack of pathology in syngeneic transplants
indicates the importance of alloimmunity as a crucial permissive phenomenon
for pathogenicity of AVA [13].

Initial injuries surrounding the organ transplantation process like cytokine
storm during the brain death or inflammation during ischemia and reperfusion
injury may lead to increased expression of target antigens for non-HLA anti-
bodies. The overall reactivity of the target cells to non-HLA antibodies may be
thus increased. In heart transplantation, systemic up-regulation of AT1R could
be found in donors with spontaneous intracerebral hemorrhage what was asso-
ciated with subsequent development of cardiac vasculopathy [24].

Treatment of recipient rats with cyclosporine abolishes anti-GBM
 antibody responses, implicating necessity of acute rejection for generation for

Fig. 1. Non-HLA antibodies may induce various injury phenotypes in allograft heart
and kidneys.
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anti-GBM antibodies [25]. Accordingly, patients with anti-GBM antibodies had
an increased number of previous rejection episodes.

Diagnostic Implications

Currently available assays that measure reactivities against individual
non-HLA antigens are not yet widely used routinely. In the case of AT1R-Abs,
tests in the initial study were performed with a time-consuming bioassay that
precluded larger studies. A cell-based ELISA in collaboration with biotech
partners for detection of AT1R-Abs in serum has been now validated and estab-
lished [26]. The ELISA currently has 100% specificity and 88% sensitivity as
compared to bioassay. Interassay variability is 12% [26]. Pre-transplantation
screening of recipients for AT1R-Abs may help to improve individual risk
assessment and offer patients with AT1R-Abs preemptive specific treatment.
On the other hand, at least early antibody-mediated rejection due to non-HLA
antibodies is rare and seems difficult to predict by currently available assays
including the AT1R-Ab-ELISA [27], the finding which warrants further larger
studies.

Therapeutic Implications

Strategies based on rapid and effective reduction of antibody titers using
plasmapheresis or immunoadsorption known in therapies of HLA antibody-
mediated rejections are applicable in the area of non-HLA antibody-related
pathologies. The influence of polyclonal lymphocyte depletion antibodies, anti-
CD20 antibody and IVIG treatments has not yet been studied in the context of
non-HLA antibodies. Identification of AT1R as an antibody target offers tar-
geted pharmacologic inhibition. The use of anti-renin-angiotensin system drugs
due to the concern of interference with renal allograft perfusion is however still
a matter of controversy in transplant nephrology. According to reported benefi-
cial effects of blockade of RAS on early outcomes of renal transplants, this
view seems to be outdated [28, 29]. None of the patients from the first study
received ACE inhibitors or AT1R blockers prior to the rescue protocol.
Interestingly, AT1R-Ab-positive patients who received continuously AT1R
blockers or ACE inhibitors, together with intensified immunosuppression
(depletional antibody induction, tacrolimus, MMF, and steroids), and who were
recipients of living donor kidneys did not seem prone to develop AT1R-Ab-
related pathology [30]. The issue of compliance to therapy may be important in
studies aiming on long-term effects of non-HLA antibodies. We do not know
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whether or not therapeutic interventions could improve clinical outcomes after
positive testing for individual non-HLA antibodies. Well-designed individual
studies will be necessary to test this hypothesis.

The investigations of infectious or genetic factors that could be responsible
for the differences in individual susceptibilities should be encouraged.

Conclusions

The area of non-HLA antibodies continues to evolve in complexity and the
research on non-HLA antibodies still raises many questions. The correct inter-
pretation of the associative relationships derived from few clinical observa-
tional studies will require studies with well-defined cohorts and more careful
analysis in relation to different immunosuppressive protocols. Non-HLA anti-
bodies are probably not an ultimate instigator of allograft damage in majority of
cases. Severe injuries may develop in organs or recipients at particular risk.
Future studies should be addressed to explain whether or not non-HLA anti-
body-related pathologies represent ‘true rejections’ of transplanted organ or
organ transplant-specific autoimmune phenomena that become overt in the per-
missive allogeneic environment. In the near future, non-HLA antibodies may
also find application as biomarkers of ongoing immune response and herald the
need for more suitable immunosuppression.
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