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Abstract
Antibody mediated rejection is a significant clinical problem encountered in a subset of renal
transplant recipients. This type of rejection has a variable pathogenesis from the presence of donor
specific antibodies with no overt disease to immediate hyperacute rejection and many variations
between. Antibody mediated rejection is more common in human leukocyte antigen sensitized
patients. In general, transplant graft survival after antibody mediated rejection is jeopardized, with
less than 50% graft survival 5 years after this diagnosis. A variety of agents have been utilized
singly and in combinations to treat antibody mediated rejection with differing results and
significant research efforts are being placed on developing new targets for intervention. These
same agents have been used in desensitization protocols with some success. In this review, we
describe the biology of antibody mediated rejection, review the available agents to treat this form
of rejection, and highlight areas of ongoing and future research into this difficult clinical problem.

Scope of the Problem
Renal transplantation is the treatment of choice for end-stage renal disease (ESRD) in
appropriately selected patients, providing both survival and quality of life benefit to renal
transplant recipients. Unfortunately, demands for renal transplantation have vastly
outstripped the supply of organs with more than 90,000 ESRD patients in the United States
on the renal transplant waiting list as of May 2011, but just under 17,000 renal transplants
performed in calendar year 2010, of which roughly two-thirds were derived from deceased
donors and one-third from living donors[1]. Approximately 14,000 individuals (16%)
awaiting a renal transplant are prior organ transplant recipients. Increasing access to renal
transplantation by accepting marginal donor organs, expanding living donation, and
performing paired donor exchange transplants have increased overall transplant numbers but
have not been able to match the demand for transplantation.

Waiting times for renal transplantation have continued to increase, with waits in excess of 6
years common in some regions of the United States, depending upon blood type. Waiting
times are even longer in potential recipients for whom it is difficult to find a compatible
organ match due to human leukocyte antigen (HLA)-specific alloantibodies. Patients
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sensitized to HLA account for about 30% of the kidney wait list. Median waiting time for
renal transplant recipients listed in 2001-2 is 1329 days for those with panel-reactive
antibody (PRA) 0-9%, 1920 days for those with PRA 10-79%, and 3649 days for those with
PRA 80% or greater[1]. Organ Procurement and Transplantation Network (OPTN) data has
shown that any degree of sensitization has a detrimental impact on transplantation rate,
meaning greater likelihood of never being transplanted or being delisted due to co-
morbidities prior to obtaining a transplant in this group[2]. Sensitized patients not only have
diminished access to transplantation but also have been shown to have inferior outcomes
after transplantation, with higher rates of rejection and graft loss than unsensitized patients,
even when compatible organs are utilized [1, 3]. Desensitization protocols have been
developed in a variety of centers with some notable successes but also high rates of
rejection, particularly antibody mediated rejection (AMR)[4-11]. Additionally, renal
transplantation across blood group incompatibility has been accomplished under some
protocols with goal directed therapy to reduce anti-blood group antigen titers, often using
modifications of protocols used for patient desensitization[12].

AMR can occur with a spectrum of clinical manifestations, from hyperacute rejection
leading to immediate graft loss, AMR with acute impairment in renal function, and a more
indolent course of chronic rejection that may not be associated with acute graft dysfunction
but rather a more gradual loss of function over time[13-16]. More than 40% of patients with
AMR go on to develop transplant glomerulopathy regardless of whether initial treatment is
able to reverse the acute renal functional impairment and the development of
glomerulopathy is associated with less than a 50% 5-year graft survival from the time of
identification [15]. AMR may also be associated with concurrent cellular rejection.
Alloantibodies preferentially bind to the peritubular and glomerular capillaries in contrast to
the typical injury pattern of acute cellular rejection (ACR) by T cells which tends to
infiltrate renal tubules and the arterial endothelial layer[17-19]. AMR is associated with
greater acute graft loss than ACR, with 15-20% losing their grafts within a year, despite
typical mainstay immunosuppressive therapies[17]. The gold standard criteria identifying
AMR remains a constellation of features seen on analysis of renal biopsy including C4d
deposition and histological features of inflammation, allograft dysfunction, and serologic
evidence of circulating antibodies to donor HLA or other non-HLA DSA[20]. C4d is a
complement split product of C4b which can form covalent bonds with proteins in the setting
of the complement pathway initiation via antibody binding and association with C1. C4d
does not appear to be pathogenic in and of itself, but rather appears to be a fingerprint of
antibody binding and complement deposition[21].

The presence of donor specific antibody (DSA) in the recipient serum can be assessed by
ELISA or by bead-based fluorometric assays (Luminex or flow cytometry). Despite
significant advances in the ability to detect, specify, and quantify the strength of HLA-
specific and non-HLA DSA, it is not yet clear how effective these methods are at predicting
AMR when assessed pre-transplant or serially over time. It does appear that the presence of
DSA at the time of transplant is an independent risk factor for AMR and that patients who
develop anti-HLA DSA tend to have inferior long term graft survival compared to patients
who do not develop DSA[22-28]. It is apparent that a degree of DSA can be detected in
some recipients without apparent clinical pathology in the transplanted kidney. It is possible
that this DSA with unknown acute significance may have more obvious significance over a
longer observed graft life.

Potential Targets for Therapy
There are multiple steps in the mechanism of AMR that have served as potential
intervention points in known therapies to counteract AMR and that serve as promising
targets for further investigation (Figure 1). A direct approach can be utilized to inhibit or
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delete B cells. This includes metabolic inhibitors of B cell division (mycophenolate mofetil)
or antibody directed depletion on the basis of B cell surface molecules (rituximab). An
additional target to diminishing AMR is to inhibit T cells and by extension, diminish T cell
help to B cells. This approach utilizes inhibitors of T cell division (mycophenolate mofetil
(MMF) and steroids), inhibitors of IL-2 signaling to T cells (calcinuerin inhibitors (CNI)), or
T cell depleting agents such as antithymocyte globulin (ATG). Polyclonal ATG may also
have some B cell depleting effects. A third approach to controlling B cell responses in
transplantation involves the removal or dilution of the B cell effector arm: antibodies.
Antibody removal can be done by plasmapheresis (PP) or immunoadsorption (IA). Graft-
directed antibodies can be diluted by administration of IVIG, which can also have more
direct effects on B cell function through Fc receptors. Recent data has indicated a fourth
target for diminishing antibody responses – targeting the antibody-secreting plasma cell
(PC) with bortezomib, a proteasome inhibitor. This is the first agent available that appears to
directly inhibit the cell considered to be the primary mediator of AMR. Lastly, a fifth target
for therapy has recently been developed which involves the final step in AMR, the fixation
of complement by antibodies that have targeted the graft. Eculizumab is a C5 inhibitor that
diminishes the propagation of complement cascade even after antibodies have bound to the
graft. There are also some therapies that appear to act at multiple steps in the process,
including the nonspecific action of splenectomy, which seems to inhibit the process of B cell
development in a nonspecific fashion.

It should be noted that several fairly desirable pathways to target in the attempt to control B
cell responses are currently not addressed in the arsenal of options to treat AMR. These
include inhibitors to control the development of plasma cells from less mature B cells and
direct inhibitors or depleting agents for plasma cells. This is an important gap in the
treatment algorithm for AMR as plasma cells are durable cells and AMR would likely be
easier to control if the process did not proceed to plasma cell responses before therapy was
initiated. These important steps in B cell development serve as potential targets for future
experimentation and development. In part due to a lack of specific plasma cell effectors,
many treatments for AMR utilize multiple drugs or processes to simultaneously attack
multiple steps in this process in order to control these challenging responses.

Antithymocyte Globulin (ATG)
ATG is a polyclonal antibody preparation derived from rabbits immunized with human
thymic tissue. While it is generally thought that ATG has primarily anti-T cell effects, it also
can inhibit the interaction of CD4+ helper T cells with B cells and thereby diminish B cell
activation. ATG also can have direct B cell antibody derived cytotoxicity and may have
effects on both antibody production of B cells and may be able to induce B cell
apoptosis[29]. ATG is commonly included in treatment algorithms for AMR, especially
when the transplant biopsy identifies mixed features of cellular and antibody-mediated
rejection.

Typical dosing for ATG involves four divided doses of 1.5 mg/kg/day to yield a total
treatment dose of 6 mg/kg. Platelet and white blood cell counts can diminish to a degree that
the divided doses must be spread out to allow for recovery between doses in some cases.
One study utilized lower dose ATG (0.75 – 1.0 mg/kg/d) for 5-10 days along with a mean of
7 treatments of plasmapheresis in seven renal transplant patients diagnosed with AMR[29].
Improvement in graft function was seen in 6 of the 7 patients and the serum creatinine level
at one year in these six patients was not statistically different from their larger group of 60
patients that did not develop AMR. These AMR events were all discovered within the first
month of transplant and it should be noted that only one patient of the seven with AMR was
given ATG for immunosuppression induction at the time of transplantation, potentially
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limiting the applicability of this study to groups that use ATG routinely at the time of
transplantation.

IVIG
IVIG inhibition of the cytotoxic effects of anti-HLA antibody was recognized in the 1990's
[30, 31]. IVIG is currently used in desensitization protocols and for the treatment of AMR. It
is derived from the pooled plasma of thousands of blood donors and is primarily composed
of IgG. There are several proposed mechanisms of action (reviewed in [32]).
Immunoglobulin molecules are well known for their ability to activate complement and
complement is an important mediator of ischemia reperfusion injury. However evidence
suggests that immunoglobulin molecules can also limit antibody-mediated complement
activation in experimental models[33] [34]. IVIG may have the ability to regulate long-term
alloimmune response through interactions with cell mediated immunity by binding to Fc
receptors and preventing binding of alloantibody complexes as well as inducing the
inhibitory FcgRIIb receptor. It is believed that IVIG can regulate innate immune responses
by inhibiting the dendritic cell inflammatory response important to allograft rejection and
the dendritic activation of alloreactive T-cells[35, 36]. IVIG may also have direct effects on
the adaptive immune response through inhibition of T-cell induction of B-cell apoptosis[37].

Two general treatment protocols have been developed utilizing IVIG. The first is the use of
high dose IVIG (2 gm/kg) alone and the second is to combine lower dose IVIG with other
modalities, usually plasmapheresis (PP). High dose IVIG with methylprednisolone was
reported for treating AMR in 1998 by Jordan et al[38]. Subsequently IVIG was tested prior
to transplant in order to inhibit cross match positivity in kidney recipients. The Cedars-Sinai
group performed in vitro IVIG assays to determine if crossmatch positivity could be
inhibited. Those patients with a negative inhibition cross match received 2 g/kg of IVIG
followed by kidney transplantation. Graft survival was 89.1% at 24 months[39]. In a
randomized multicenter placebo-controlled trial conducted by the NIH (the NIH G02 study)
in highly sensitized patients, 4 monthly infusions of IVIG significantly lowered anti-HLA
antibody levels and improved rates of transplantation compared to placebo (35% vs. 17%,
P=0.02) in patients with a PRA>50%. Projected waiting time on the IVIG group was 4.8
years and 10.3 years for placebo. The reduction in PRA was transient and moderate. Acute
rejection episodes were more common in the IVIG group, but 3 year allograft survival rates
were similar between IVIG and placebo[7].

Due to the length of isolated IVIG treatment, and in order to improve effectiveness, the
Cedars-Sinai group conducted an open label phase 1-2 single-center study examining
whether the addition of rituximab to IVIG was effective in reducing anti-HLA antibodies. 2
doses of IVIG (2 g/kg) and 2 doses of rituximab (1 g) were given prior to transplant. The
protocol proved efficacious in reducing mean PRA compared to pretreatment level
(P<0.001) and appeared to reduce the waiting time for transplant. With short term follow-up
the mean graft survival was 94%[5].

Low dose IVIG (100mg/kg) in combination with PP represents an alternative to desensitize
individuals with alloantibody prior to transplant as well as treat AMR. A small retrospective
study compared combined therapy with PP, IVIG, and rituximab to high dose IVIG alone
for AMR. After 36 months, the graft survival for the combined therapy group was 91.7%
compared to 50% in the monotherapy group[40]. Other groups have reported successful
desensitization outcomes with a variety of combined IVIG and PP protocols in the setting of
HLA and anti-agglutinin antibodies [41] [6] [11] [42].

In general, high doses of IVIG are relatively safe. However, serious side effects have been
reported including acute renal dysfunction likely related to high osmotic load, thrombotic
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events with rapid infusions, and aseptic meningitis[43]. Slowing the infusion rate and using
iso-osmolar preparations may reduce the risk of side effects[44]. IVIG has the potential
benefit of replacing antibodies lost during PP.

Plasmapheresis
The goal of plasmapheresis is to remove DSA from the circulation. PP is utilized in
desensitization protocols and for the treatment of AMR following transplant. It is the fastest
method to decrease DSA. There are several different modalities: plasma exchange, double
filtration plasmapheresis, and immunoadsorption plasmapheresis. Plasma exchange is the
most frequent modality applied in the United States and generally involves 1.0-1.5 volume
exchange, using albumin as replacement. Immunoadsorption is a more selective modality
that uses adsorbent membranes for antibody elimination. When utilized for desensitization,
the clinician usually aims to decrease DSA below a threshold before transplant. After
transplant, PP is often continued for a variable period of time.

Often PP is used in combination with other antibody blocking (IVIG), suppression
(rituximab, mycophenolate, calcineurin inhibitors), or depleting (bortezomib) modalities, as
antibody levels have a tendency to rebound if PP therapy is performed in isolation[45]. Few
studies have been published where PP modalities are the sole or primary form of antibody
reducing therapy[46, 47]

The Johns Hopkins’ desensitization protocol consist of every other day PP followed by 100
mg/kg IVIG after each PP session (Figure 2)[48]. The objective is to decrease DSA or iso-
agglutinin titers to a pre-specified level prior to transplant. The number of pre-transplant PP/
IVIG sessions depends on the starting titer. Patients are started on tacrolimus and MMF at
the time PP/IVIG is initiated. PP/IVIG is continued post transplant, with the number of
treatments governed by antibody levels and the clinical course[41, 48].

In a retrospective comparison of different desensitization strategies performed at the Mayo
Clinic, Stegall et al noted that a negative preoperative crossmatch could be achieved in 85%
of patients treated with a combination of PP, low dose IVIG, and rituximab compared to
36% treated with high does IVIG alone. The incidence of AMR was 80% in the IVIG only
group, but 29-37% in the groups treated with three agents[49].

The incidence of side-effects from PP is relatively low ranging from 5-12% and most are
considered mild or moderate in nature. Commonly reported symptoms are due to allergic
reactions that present as rigors and urticaria, symptoms of hypocalcemia such as
parasthesias, and hypovolemia which can manifest as muscle cramps and hypotension. The
incidence and side effects relate to the use of anticoagulants during PP, type of replacement
fluid, and complications related to vascular access. There is a small risk of blood borne
pathogen transmission[50].

Rituximab
Rituximab is a chimeric anti-CD20 monoclonal antibody composed of human IgG1 heavy
chain and kappa light chain constant regions fused with mouse variable regions. A
transmembrane protein, CD20 is expressed on pre-B and mature B-lymphocytes throughout
the antigen independent stage of development until early stages of antigen-dependent B-cell
activation. CD20 is absent from plasma cells. Cells bound by rituximab are eliminated by
traditional antibody-mediated mechanisms; antibody-dependent cell mediated cytotoxicity,
complement dependent cytotoxicity, and cell-mediated apoptosis via CD20.
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Rituximab was originally approved to treat lymphoma and it is also used for rheumatoid
arthritis and other autoimmune disorders[51]. This agent exerts a profound depletion in
circulating B cells as well as a less marked reduction in B cell numbers in spleen and lymph
nodes[52]. A single dose in renal transplant recipients can result in prolonged B cell
depletion, with populations remaining suppressed for 1-2 years[53]. Non-transplant studies
of rituximab demonstrate a delayed recovery of the CD27+ memory B cell population[54].

Ramos et al. have investigated the in-vivo effect of rituximab on B-cell populations in
individuals who underwent splenectomy[55]. Spleens removed for trauma victims and from
transplant recipients who received multiple rounds of pre-transplant PP plus low-dose IVIG
showed similar numbers of naïve B cells (CD20+ and CD79+), plasma cells (CD138+), and
memory B cells (CD27+). However in transplant recipients that underwent splenectomy and
where rituximab was added to the PP/IVIG regimen, the number of naïve B cells was
reduced but no notable difference in the memory or plasma cell populations was seen. As
rituximab is ineffective for reducing plasma cells, the source of DSA, its therapeutic benefit
may be related to modifications of cellular immunity rather than antibody reduction.
Evidence exists that rituximab may impact the important antigen presenting cell activity
provided by antigen specific B-cells to T-cells[56, 57].

Rituximab has been used as induction therapy in patients with HLA antibodies and in the
setting of ABO incompatible kidney transplantation as well as to treat AMR. Becker et al
published the initial report describing the use of rituximab to treat AMR. 27 patients with
refractory rejection were given a single dose of rituximab and a majority also received PP
and ATG. In short term follow-up 24 patients had good graft function, but 3 grafts were
lost[58]. Several other studies have reported results with use of rituximab for AMR. Zarkhin
reported the 1 year outcome of a randomized trial of rituximab compared to thymoglobulin
and/or pulse steroids for acute rejection in 20 pediatric renal recipients. There was some
benefit for recovery of graft function and histology at 1 and 6 months after treatment[59].
There was no change in DSA in either group, although reappearance of C4d deposition was
absent after rituximab, but was observed in 30% of control patients. Similarly Steinmetz et
al. noted that rituximab removed intra-renal B cells in patients with vascular rejection
compared to those who had received conventional immunosuppression[60]. In a
retrospective study of 54 patients with AMR, Kaposztas et al compared 26 patients treated
with PP plus rituximab to 28 patients who underwent PP without rituximab. The 2 year graft
survival for the rituximab group was 90% compared to 60% in the PP cohort[61].

Bortezomib
Bortezomib, a proteasome inhibitor, has recently received attention as a possible agent to
reduce alloantibody levels through its direct effect on plasma cells. Approved by the FDA in
2003 for the treatment of relapsed refractory multiple myeloma, it binds selectively and
reversibly to the 26S proteasome. Proteasomes are located in the cell nucleus and cytoplasm
and are the primary proteolytic mechanism in eukaryotic cells[62]. The 26S proteasome is
part of an enzyme complex that plays a role in degradation of super-numerous, misfolded, or
defective proteins targeted for degradation by ubiquitinylation[63]. Besides damaged
proteins, proteasomes degrade proteins involved in cell cycle regulation, oncogenesis, and
apoptosis [64, 65].

Proteasome inhibition induces apoptotic cell death as a result of activation of the terminal
unfolded protein response[66, 67]. Bortezomib induces apoptosis in various malignant cells,
but the sensitivity of myeloma cells to bortezomib may be related to high synthesis rates of
immunoglobulin associated with accumulation of unfolded proteins and the subsequent
stress in the endoplasmic reticulum[68]. Other mechanisms include modification of cytokine

Levine and Abt Page 6

Semin Immunol. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



signaling pathways through the inhibitor of Kappa B (ikB) and nuclear factor Kappa B (NF-
kB) signal transduction.

Bortezomib is primarily metabolized by cytochrome P450 enzymes. Adverse events include
fatigue, malaise, weakness, nausea, diarrhea, vomiting, peripheral neuropathy,
thrombocytopenia, and neutropenia. Drug related side effects generally can be managed with
dose reduction and supportive care[69].

A few case reports and case series have been published where bortezomib was used to
modify pre-transplant anti-HLA antibodies or as therapy for AMR[70-75]. The impact of
bortezomib in reducing anti-HLA in these studies is difficult to assess as most of the studies
have been complicated by the addition of other therapies to modify alloantibody, including
IVIG, rituximab, and plasmapheresis. Furthermore these studies primarily report short term
follow-up. Long-term studies will be needed to determine the durability of proteasome
inhibition to prevent return of donor specific antibody and the impact on allograft survival
and function.

Only two studies have examined the use of bortezomib as isolated therapy for donor specific
antibody. In one study of 2 sensitized kidney transplant candidates receiving two cycles of
bortezomib administered without further anti-humoral measures, proteasome inhibition did
not affect or only modestly affected allosensitization[76]. In a post-renal transplant study
among four patients with DSA, one cycle of bortezomib as isolated therapy was unable to
reduce DSA titers[77]. While the PC-targeting of bortezomib is a logical approach to treat
AMR, given the mixed results of small studies using bortezomib, properly designed and
controlled studies are clearly needed and caution exercised with the off-label use of this
drug[78].

Eculizumab
Eculizumab (Soliris, Alexion Pharmaceuticals) is a humanized monoclonal antibody against
the C5 complement protein which has been approved by the FDA for treating paroxysmal
nocturnal hemoglobinemia. By preventing C5 cleavage by C5 convertase into C5a and C5b,
formation of the C5b-C9 membrane attack complex is prevented. Complement activation
plays a critical role in the development of AMR after kidney transplantation. As such, the
complement cascade represents a potential target for therapy. A small series presented by
Stegall et al. reported no incidence of AMR in the year following transplant in 3 patients
who underwent desensitization with IVIG and PP with eculizumab after transplant[79]. This
absence of AMR is substantially lower than a historic rate for desensitized recipients,
although this is a small series. A handful of case reports exist which document success
treating AMR with eculizumab[80, 81]. There are several ongoing clinic trials enrolling
transplant candidates or recipients (clinicaltrials.gov). Despite the appeal of treating the
complement cascade, further investigation may be hampered by the cost of this antibody,
one of the most expensive medications in the world.

Potential New Targets
The survival signals that govern PC persistence are currently emerging from the basic
science literature[82-84]. Understanding these signals will be critical to developing
successful therapies to permanently eliminate alloantibodies. A major shortcoming in the
therapies reviewed above (IVIG, rituximab, PP, splenectomy, and eculizumab with the
exception of bortezomib) is their inability to target PCs. PC-directed therapy aims to
eliminate alloantibody-secreting PCs permanently. Berek and colleagues made the recent
discovery that eosinophils are required for the maintenance of PCs[85]. Desensitization
protocols targeting eosinophils have not been investigated and eosinophil-directed
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immunotherapy maybe a potential desensitization strategy. Furthermore, in mice TACI-Ig
decreases PC numbers substantially by sequestering both BLyS and APRIL and could be
translated into a novel desensitization strategy as well[86]. Additionally, PCs reliance on
RANKL, IL-6, CXCR4, and CXCL12 could also be targeted in novel PC directed
therapies[87-92]. Without the targeted elimination of alloantibody-secreting PCs, DSA
cannot be expected to be fully eliminated in the sensitized recipient and will continue to
challenge long-term allograft survival.

Summary
AMR remains a significant clinical problem in a minority of recipients of kidney transplants.
Outcomes after AMR are less than ideal. In part, this is due to the fact that no optimal
treatment modality currently exists to treat AMR and antibody responses, once established,
can be difficult or impossible to extinguish. Thus, nearly all current strategies to address
AMR rely on a mixture of partially effective strategies as outlined above. These combined
approaches are difficult to compare due to the fact that few studies directly compare
different complex approaches to one another but rather generally compare a mixed strategy
with or without an additional agent to determine the added benefit of that agent to the
strategy. While this is a valid approach, it is clear that AMR is in need of protocolized
studies to compare regimens and seek an optimal approach while minimizing toxicity. This
is not an easy task, as AMR is an intrinsically heterogeneous process and it is well-known
that controlling AMR when detected early after transplant before a mature B cell response is
established is more easily accomplished than eliminating late-onset AMR or established
sensitization to HLA antigens. Future studies must be careful to clearly define the type of
AMR that is being treated. In addition, AMR is a rare enough event after transplantation that
it will be difficult to accumulate sufficient patient numbers at a single center level to allow
comparison of different treatment strategies. Multicenter trials will need to be established
but will require standardized cross-institutional diagnoses of AMR..

Interest in post transplant B cell responses and AMR has increased substantially in the past
decade associated with the appreciation of the clinical relevance of this phenomenon. New
agents developed for non-transplant purposes, such as bortezomib and eculizumab have
shown promise in addressing some of the downstream targets in the AMR process and have
been added to a number of desensitization strategies. Future targets of relevance include the
transition from immature B cells to mature B cells and plasma cells and development of
agents with more direct and specific effects on plasma cell numbers or function. With
increased interest and attention to the problem of AMR and sensitization, there is renewed
promise that such approaches may be developed to augment the armamentarium against this
difficult clinical problem.
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Highlights

>Antibody mediated rejection is a significant clinical problem after renal transplant. >We
review the biological basis and pathways of antibody mediated rejection. >We review
available treatments and future directions for therapy. >We review clinical trials results
dealing with antibody mediated rejection.
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Fig. 1.
A schematic pathway of the steps needed to develop AMR after transplantation and the
discrete activities of the various therapeutic modalities against AMR are depicted.
Pathogenic antibodies are depicted in black, IVIG is depicted in gray, and antibody-based
drugs are depicted in white.
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Fig. 2.
The Johns Hopkins PP/IVIG desensitization protocol. The protocol utilizes every other day
plasmapheresis along with low-dose IVIG (100 mg/kg). The number of pre-transplant PP/
IVIG treatments can be predicted from the starting donor reactive antibody titer. Several
post-transplant PP/IVIG treatments are performed by protocol. PP/IVIG treatments are
added as needed to reduce antibody levels to pre-transplant targets or to treat an episode of
antibody mediated rejection. In selective high-risk cases, anti-CD20 is given the night before
the transplant. About 5% of +XM patients will require rescue splenectomy as part of the
treatment for severe AMR. Used with permission[48].
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