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Introduction

Antibody-mediated rejection (ABMR) emerged as the

major clinical challenge and recently was identified as the

most frequent cause for renal allograft failure [1,2].

Donor-specific antibodies (DSAs) play a crucial role in

the development of ABMR. The primary target of DSA is

the endothelium of the microcirculation. Clinical manage-

ment of ABMR is significantly different from T-cell-medi-

ated rejection (TCMR) therefore accurate diagnosis of

ABMR is crucial. The morphological spectrum of ABMR

is heterogeneous and comprises a set of nonspecific mor-

phological lesions which are nevertheless an essential part

of current diagnostic criteria for ABMR along with C4d

deposition in the microcirculation, circulating DSA, and

clinical evidence of graft dysfunction. Chronic ABMR has

been widely recognized in kidney transplants, but needs

yet to be defined in other organ transplants. Despite

being a significant contributor to late graft loss, it is often

missed because of limitations of current diagnostic crite-

ria. In particular, the inability of C4d to detect all pheno-

types of ABMR and the limited specificity of DSA

account for most missed ABMR cases.

The focus of this review is to discuss the spectrum of

alloantibody-mediated phenotypes in allografts and the

limitations of current diagnostic criteria in various organ

transplants. The aim is also to present new concepts for

more precise diagnosis of ABMR.

Acute ABMR in kidney allografts

Prior to the advent of crossmatch testing and effective

immunosuppressive therapy, hyperacute rejection because

of pre-existing DSA (blood group and/or HLA incompati-

bility) was a common and most feared phenotype of

ABMR. Clinically, these patients presented with immediate
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Summary

Antibody-mediated hyperacute rejection was the first rejection phenotype

observed in human organ transplants. This devastating phenotype was elimi-

nated by reliable crossmatch technologies. Since then, the focus was on T-cell-

mediated rejection and de novo donor-specific antibodies were considered an

epiphenomenon of cognate T-cell activation. The immune theory was that con-

trolling the T-cell response would entail elimination of antibody-mediated

rejection (ABMR). With modern immunosuppressive drugs, T-cell-mediated

rejection is essentially treatable. However, this did not prevent ABMR from

emerging as a significant phenotype in all types of organ transplants. It became

obvious that both rejection types require distinct treatment and thus reliable

diagnosis. This is the current challenge. ABMR, depending on stage, grade,

time course, organ type or prior treatment, can present with a wide spectrum

of phenotypes. This review summarizes the current diagnostic consensus for

ABMR, describes unmet needs and challenges in diagnostics, and proposes new

approaches for consideration.
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allograft dysfunction. Histology of hyperacutely rejected

kidneys presents with neutrophils and platelet margin-

ation along the endothelium of the microcirculation, i.e.

the peritubular capillaries (PTC) and the glomeruli. Mi-

crothrombi and hemorrhage with cortical necrosis

develop in most cases [3,4]. However, with the introduc-

tion of sensitive crossmatch techniques, the hyperacute

ABMR phenotype is essentially eliminated.

With the advent of potent T-cell-directed maintenance

immunosuppression, ABMR emerged to play a significant

role in the development of acute and chronic allograft

dysfunction post-transplantation. In this context, two

major phenotypes for acute ABMR need to be discrimi-

nated: phenotype 1 (early/acute) – ABMR developing in

the presensitized, crossmatch positive, but de-sensitized

patient early post-transplantation and phenotype 2 (late/

chronic) – ABMR after de novo DSA developing late

(>12 months) post-transplantation, mostly in relation to

noncompliance [5]. Histologic features of acute anti-HLA

antibody-mediated injury were first described in the early

1990s [6–8] as a triad of allograft dysfunction, neutro-

philic peritubular capillaritis, i.e. microcirculation inflam-

mation (MI), and de novo anti-donor class I HLA

antibodies. Simultaneously, a pivotal study by Feucht et

al. [9] pushed C4d into the limelight by describing a

prognostic association between C4d deposition in peritu-

bular capillaries and inferior graft survival. C4d is a

breakdown product of activated C4, a component of the

classical complement pathway. After activation, it binds

covalently to the endothelium. Thus, the detection of C4d

in the capillary wall lining provides in situ evidence for

DSA acting on the allograft endothelium. The binding of

complement-fixing alloantibody to endothelium causes

(in addition to complement activation) lysis and activa-

tion of the endothelial cells, recruitment, and activation

of leukocytes, which all eventually lead to acute graft tis-

sue injury. In the late 1990s, Collins et al. [10] defined

the relationship among DSA, histology of microcircula-

tion injury, and C4d deposition in the peritubular capil-

laries in the clinical context of allograft dysfunction and

thus acute ABMR.

At the beginning of the Banff process in 1991, ABMR

was only marginally appreciated as the hyperacute pheno-

type with fibrinoid necrosis in large arteries [11]. Because

TCMR was the dominating clinical problem in those days

and a widespread assumption was that ABMR is an epi-

phenomenon of TCMR, no consensus could be generated

to integrate detailed diagnostic criteria for ABMR until

the 2001 Banff meeting. At that meeting the fundamental

Banff diagnostic criteria for acute ABMR in kidney allo-

grafts were defined: (i) histologic evidence of tissue

injury, (ii) immunopathologic evidence of antibody acting

on the microcirculation, i.e. the detection of C4d in peri-

tubular capillaries, and (iii) demonstration of circulating

DSA [12] (Fig. 1). Cases that meet only two of the crite-

ria are considered suspicious for ABMR. At the 9th Banff

conference held in 2007, a scoring system for the peritu-

bular capillaritis and for C4d staining was incorporated

into the Banff classification [13]. It was acknowledged

that C4d staining can be done using immunohistochemis-

try on paraffin sections or immunofluorescence on cryo-

sections. It was also noted that staining on paraffin

sections is less sensitive by about one grade [14]. There-

fore, current Banff consensus is that only cases with dif-

fuse C4d stain on frozen or diffuse or focal stain on

paraffin sections are considered positive.

Potential limitations of histology for diagnosing ABMR

The specificity of ABMR-associated histologic lesions is

limited: glomerulitis can occur in TCMR and very similar

endocapillary hypercellularity can be seen in various types

of recurrent/de novo glomerulonephritis [15,16]. Similarly,

peritubular capillaritis can be seen in early biopsies with

acute tubular necrosis or TCMR [15]. It has also previ-

ously been shown that Banff v1 and v2 lesions, i.e. inti-

mal arteritis that is traditionally attributed to TCMR, can

have an association with ABMR [17,18]. However, it may

well be that a proportion of cases presents with simulta-

neous features of mixed TCMR and ABMR, in particular

in the context of noncompliance. It can be expected that

with under-immunosuppression the T-cell response can

rebound faster and set the stage for ramping up a consec-

utive, overlapping de novo DSA response.

In addition, some of the ABMR lesions are of limited

reproducibility between observers [19,20]. Preliminary

data presented at the 2011 Banff meeting indicate that in

particular glomerulitis scoring is difficult to be repro-

duced [21]. As a consequence collaborative efforts are

currently underway to refine and standardize the criteria

for glomerular lesion scoring in renal allograft biopsies.

Potential limitations of C4d for diagnosing ABMR

Several peculiarities and limitations of the C4d stain as a

biomarker for ABMR were identified. Haas et al. [22] and

Fidler et al. [23] reported C4d deposition along peritubu-

lar capillaries without graft pathology in 25–80% of ABO-

incompatible of renal allografts, but only 4–12% devel-

oped acute ABMR. As a result, the term ‘C4d deposition

without morphologic evidence of active rejection’ was

coined at the Banff 2007 meeting [13]. C4d deposition

was also observed in protocol biopsies from stable grafts

in 2% of ABO-compatible transplants, not always associ-

ated with MI [24]. The long-term implications of C4d

deposition without any morphologic evidence of rejection
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are still under investigation, but data presented at the

most recent Banff meeting (2011) indicated that at least

in ABO-compatible transplants, some of the cases evolve

into ABMR. Early subclinical MI correlates with an

increased risk for later development of transplant glome-

rulopathy (TG). Subsequent development of histologic

changes of chronic ABMR was also found to be associated

with prior persisting subclinical interstitial inflammation

[25], suggesting under-immunosuppression as a risk fac-

tor for the onset of ABMR.

In addition to focal linear C4d staining in PTC, non-

typical C4d staining patterns have been described using

immunohistochemistry in paraffin section: granular C4d

deposits in PTC and staining outside of PTC in glomeruli

and arterioles [26]. Although a close interrelationship

between diffuse and focal linear, and linear endothelial

C4d deposition in glomeruli and arterioles with glomeru-

litis and presensitization was observed, no such associa-

tion was seen with granular/nonlinear C4d staining. But

overall the strongest association with outcome was with

diffuse linear C4d staining in PTC, re-emphasizing cur-

rent Banff consensus for scoring C4d.

It is also well known that significant interlaboratory

and interobserver variability can occur with immunohis-

tochemical stains. Thus, the Banff group organized an

international quality assurance trial with the aim of

assessing the reproducibility of C4d stain on paraffin sec-

tions. Preliminary results from this trial were presented at

the 2011 Banff meeting and indicated that a significant

variability of C4d results between institutions exists. In

addition to methodological issues with the C4d stain true

biological C4d-negativity might occur in the setting of

ABMR as further discussed below. In particular waxing

and weaning of C4d in the microcirculation over time is

a well described phenomenon in sequential biopsies from

patients with ABMR [18,27,28].

Potential limitations of DSA testing for diagnosing

ABMR

Limited sensitivity of antibody testing in the past could

explain case in which C4d staining was seen without DSA

detection in the serum. But today with available highly

sensitive single antigen bead assays (SABs) on the Luminex

Figure 1 Diagnostic criteria for acute antibody-mediated rejection in kidney transplants. [Correction added after online publication 30 March

2012: reference citation numbers have been updated in ‘Immunopathologic evidence’ box]
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platform, the diagnostic value of detecting DSA is limited

as not all patients with de novo DSA develop ABMR [29].

Despite many advantages, limitations are inherent to the

technology. Ambiguity in determining thresholds makes

reporting of low level HLA antibodies difficult [30,31]

and the highest affinity DSA may be bound to the graft

making it harder to detect in serum [32]. The complete-

ness of donor HLA typing dictates the accuracy of DSA

assignment. The Luminex platform can identify DSA to

HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3/4/5,

DQA1, DQB1, DPA1, and DPB1 alleles, yet many of these

are not characterized in long-term transplant recipients.

Interferences also arise in some sera where multiple, non-

standardized methods have been proposed [33,34]. These

problems could translate to false-negative DSA assign-

ments, thus preventing correct diagnosis of ABMR.

The clinical relevance of DSA may depend on the IgG

subclass. Complement-fixing IgG subclasses (IgG3/IgG1)

may be more damaging than noncomplement-fixing sub-

classes (IgG2/IgG4) [35]. The commercially available

Luminex SAB assays do not differentiate between sub-

classes of IgG. However, new reagents can detect C1q-

binding antibodies [36], C4d deposition on beads [37],

and individual IgG subclasses. These Luminex SAB

enhancements may aid in the detection of pathogenic

DSA, thus minimizing false-positive DSAs.

Thus, the challenges in diagnosis, grading and staging

of ABMR are reflected in the fact that diagnostic features

are not specific and dependent on the time point in the

course of the disease, whereas the dynamics of the disease

course show significant individual variability. For exam-

ple, protocol biopsies from sensitized patients with phe-

notype 1 ABMR were frequently C4d-negative despite the

presence of DSA and MI [27,38].

Chronic ABMR in renal allografts

Smoldering or episodic alloantibody-mediated endothelial

injury causes time-dependent structural changes in micro-

vessels (glomeruli, PTC), arteries, and nephron loss

(interstitial fibrosis and tubular atrophy). It is important

to note that the term ‘chronic’ is not related to a certain

time post-transplantation, but indicates morphological

changes of capillary remodeling seen in the allograft

because of antibody-mediated injury, e.g. duplication of

the glomerular basement membrane and/or multilayering

of PTC basement membrane.

A decade after the discovery of C4d as a biomarker,

late graft losses because of antibody and morphological

features of chronic ABMR were recognized [39,40]. Based

on clinical observations, the diagnostic criteria for chronic

ABMR were established by the Banff consensus in 2005

[41], including (i) TG (duplication or ‘double contours’

in glomerular basement membranes in the absence of

immune complexes, cg-score >0), and/or peritubular cap-

illary basement membrane multilayering (PTCML) with

‡5 layers and/or interstitial fibrosis/tubular atrophy, and/

or fibrous intimal thickening in arteries; (ii) diffuse C4d

staining by immunofluorescence or diffuse or focal C4d

by immunohistochemistry in PTC; and (iii) circulating

DSA (Fig. 2). Chronic ABMR injury is dominated by

microcirculation damage, which is seen as reduplication

and/or multilamination of basement membranes of

glomeruli and peritubular capillaries. Much less specific

features of chronic ABMR include arterial fibrous intimal

thickening [42], interstitial fibrosis, tubular atrophy, and

sometimes loss of PTC. Other morphologic findings of

activity that may be seen in chronic ABMR are peritubu-

lar capillaritis, mostly with mononuclear inflammatory

cells [40] and glomerulitis [43]. We observed peritubular

capillaritis and glomerulitis in 70% and 35% of TG biop-

sies, respectively [44].

DSA, especially HLA class II antibodies, are capable of

triggering insidious graft injury and thus represent one of

the major causative factors of late kidney graft dysfunc-

tion and failure. In a leading study by Mauiyyedi et al.

[39], C4d deposition in PTCs was observed in 61% of

chronic rejection biopsies with TG and/or chronic arteri-

opathy, of which the majority had anti-HLA DSA (88%).

Regele et al. [40] described C4d PTC positivity in 34%

kidney allografts with chronic transplant dysfunction, TG,

and PTCML. More interestingly, C4d staining predicted

subsequent development of TG in 9 of 11 cases. Active

antibody-mediated injury, whether there is C4d staining

and/or MI (glomerulitis/peritubular capillaritis), is a har-

binger of chronic ABMR pathology, especially if left

untreated [38,45]. A model in nonhuman primates, sug-

gested four stages in the progression of chronic ABMR,

namely circulating DSA followed by C4d deposition,

development of chronic tissue pathology (TG, fibrosis),

and finally graft dysfunction [46]. We observed that more

than 50% of TG cases were C4d-negative despite the fact

that HLA alloantibodies, mostly class II, were detected in

73% of patients with TG [44]. The Mayo group reported

the overall incidence of TG as 5–10% of crossmatch nega-

tive kidney transplants, but its cumulative incidence

increased over time from 4% at 1 year to 20% at 5 years

using protocol biopsies, suggesting many TG cases are

subclinical [47]. The authors reported an association

between TG and DSA, especially class II antibodies. Fur-

thermore, the incidence of TG at 1 year was much higher

in crossmatch positive kidney transplants than in nonpre-

sensitized grafts (22% vs. 8%) [48], indicating a causal

link between DSA and TG.

Chronic ABMR is a major cause of late kidney trans-

plant failure [1,2,49]. Data from two major transplant
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centers (Mayo Clinic and Edmonton) and the multicenter

DEKAF study independently indicated that most late kid-

ney transplant losses have a specific etiology with ABMR

being the leading cause, whereas idiopathic fibrosis or

drug toxicity were very rarely responsible for renal allo-

graft failure [1,2,50]. If microcirculation lesions and pres-

ence of HLA alloantibodies were used to define ABMR

(regardless of the C4d status), 63% of the late kidney fail-

ures were attributed to antibody-mediated microcircula-

tion injury, of which many were C4d-negative [1].

TG and PTCML tend to occur concomitantly, and both

lesions show basement membrane remodeling, which are

regarded as sequela of endothelial cell injury and repair

[22,27,38,40,51,52]. Initially, Monga et al. [53,54]

described PTCML in renal allografts in association with

TG. Ivanyi et al. [55] reported significant PTCML with

‡5 layers in 28% of allograft biopsies and in 59% of failed

transplant nephrectomy specimens with chronic rejection,

respectively. We observed PTCML in 91% of TG biopsies

[44]. However, PTCML was also increased in late biopsies

without DSA, therefore showing an ambiguous relation-

ship between the microcirculation deterioration lesions of

the glomerulus (double contours, mesangial matrix

increase) and the time-dependent scarring [17,44]. The

precise definition of PTCML is critical when comparing

studies describing associations with PTCML. For instance,

Drachenberg et al. [56] showed that TG was mostly asso-

ciated with severe PTCML (more than six layers), whereas

lesser PTCML was observed in other conditions.

The current concept is that TG is a pathological pat-

tern, rather than a disease, which may be caused by dif-

ferent etiologies: alloantibodies (major etiology)

[38,44,47,48,51,57], autoantibodies [58,59], sequela of

previous thrombotic microangiopathy [60], and HCV

infection [60,61]. In a retrospective study, we did not find

evidence for DSA in 27% of patients with TG and con-

cluded that these cases may be a different disease or a

stage in which DSA/C4d are undetectable [44]. Other

groups also found no correlation between TG and C4d

deposition [62,63]. Akalin et al. [64] showed glomerular

infiltration by CXCR3+ ICOS+ activated T cells in grafts

with TG, but not in fibrosis/atrophy alone, suggesting

ongoing effector T-cell responses to glomerular antigens

can result in TG. It should be noted, however, that these

Figure 2 Diagnostic criteria for chronic active ABMR in kidney transplants. [Correction added after online publication 30 March 2012: reference

citation numbers have been updated in ‘Immunopathologic evidence’ box]
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studies may reflect intragraft effector mechanisms in the

development of TG, i.e. complement, cytokines/chemo-

kines, leuokocytes, increased coagulation/thrombotic

microangiopathy, rather than extracting the underlying

diseases. There is still an unmet need to better understand

the non-ABMR etiologies associated with TG.

New concepts in ABMR

Recognition of C4d-negative active ABMR in kidney

allografts

Evidence 1

ABMR is dominated by microvascular endothelial injury,

which is mediated by complement and leukocytes recruited

via complement split products and/or Fc receptors and/or

platelets. In a retrospective study, we observed that more

than 50% of TG cases with alloantibody were C4d-negative

[44]. This earlier observation suggested that C4d is insensi-

tive for chronic ABMR. We then pursued this finding by

new studies using gene microarray assessment of biopsy tis-

sues. In a large number of kidney transplant biopsies for

clinical indications, the biopsies with high expression of

endothelial transcripts and circulating alloantibody showed

histopathologic lesions of ABMR (such as capillaritis,

glomerulitis, TG, and fibrosis/atrophy), DSA, and poor

outcomes [65]. Surprisingly, many of these chronic-active

ABMR cases were missed by current Banff criteria: Only

40% of kidneys with high endothelial gene expression and

chronic ABMR were diagnosed by C4d positivity. Thus, the

current Banff terminology of chronic-active ABMR (posi-

tive C4d stain as the only sign of activity recognized by

Banff) is challenged by the fact that cases with chronic

damage, i.e. TG, can be molecularly active despite being

negative for C4d stain or can show some of the histologic

(MI) features of acute ABMR. Therefore, the term of active

ABMR might be more appropriate.

In addition to limited sensitivity and reproducibility of

the C4d stain as the potential sources for C4d-negative

ABMR cases, recent evidence suggests that there are a

number of pathways that could lead to complement inde-

pendent antibody-mediated endothelial injury [66]. (i)

DSA can cause endothelial activation in the absence of

complement: release of VWF and externalization of P-se-

lectin on endothelial cells were shown after stimulation

by anti-HLA class I [67]; (ii) activated endothelial cells

express/secrete proinflammatory molecules (i.e. E-selectin,

P-selectin, ICAM-1, VCAM-1, CX3CL1) that increase leu-

kocyte recruitment. Recruited and activated leukocytes

secrete cytokines, which further increase endothelial acti-

vation; (iii) it has been shown that alloantibody indirectly

induces platelet activation and adhesion in vivo, which

then can recruit leukocytes [68]; (iv). leukocytes can

damage endothelium via antibody-dependent cellular

cytotoxicity by NK cells or monocytes/macrophages

through Fc/Fc receptors. Hidalgo et al. [69] showed

increased NK cell transcripts and NK cells within peritu-

bular capillaries in clinical biopsies with C4d-positive or

C4d-negative ABMR, supporting the involvement of NK

cells in the pathogenesis of ABMR, such that DSA bound

to endothelial cells triggers NK cell cytotoxic activity and

release of interferon-gamma through engaging with low

affinity Fc receptors.

Thus, it is obvious that C4d has low sensitivity for

ABMR and many cases of active ABMR have been missed

or misdiagnosed, and therefore not treated. Regarding the

new diagnostic approaches to identify active ABMR, molec-

ular tests (documented DSA and high endothelial or NK

cell gene expression in biopsy tissue) are definitely on the

horizon, but need validation and standardization (i.e.

which transcripts, platform, thresholds) across multiple

centers. Immunohistochemistry would be very helpful, but

it is a difficult task to detect increased expression of endo-

thelial proteins by staining, as many are constitutively

expressed in renal microcirculatory endothelium. We have

recently observed that microcirculation endothelial cycling

is specifically increased in ABMR (C4d positive or negative)

compared with other diseases, and a CD31/Ki-67 double

immunostaining has a specificity of 95% for ABMR (Osa-

san et al., manuscript in preparation) [70].

Evidence 2

A recent protocol study in highly presensitized patients

by Loupy et al. [38] suggested that C4d has also low sen-

sitivity for acute ABMR: 49% of presensitized kidney

transplant patients developed subclinical C4d-negative

ABMR (capillaritis plus glomerulitis plus DSA) (vs. 31%

C4d+ ABMR) at 3-month protocol biopsies, who later

developed higher fibrosis, TG, and lower graft function at

1 year, when compared with presensitized patients with-

out MI. The same group later reported that MI is associ-

ated with adverse outcomes and increased risk of

progression to TG independently of C4d staining [27].

Nevertheless, these results are based on protocol biop-

sies from well functioning kidney grafts. There is still

much debate as to whether or not C4d-negative acute

ABMR truly exists in patients presenting with clinical

problems. This is an open question to be answered by

different transplant programs at the moment. In fact, C4d

staining may have a higher sensitivity for early/acute

ABMR than it has for chronic ABMR.

Evidence 3

A retrospective study by Haas and Mirocha [71] examined

the specificity of early electron microscopic endothelial

changes (glomerular endothelial swelling, subendothelial

widening, and early glomerular basement membrane
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duplication) for ABMR and subsequent development of

overt TG. Of 98 renal allograft biopsies for cause carried

out within 3 months of transplantation with available sero-

logic data, 17 showed C4d-positive acute ABMR and 16

had MI (glomerulitis/capillaritis) and DSA with negative

C4d. Ultrastructural changes were seen in 11 of 17 biopsies

with C4d-positive acute ABMR, 8 of 16 with MI and DSA

but no C4d, and 0 of 65 without histologic changes of

ABMR and/or DSA. Among the patients with DSA and

histologic changes of ABMR, 11 C4d-positive and 7 C4d-

negative, treatment for ABMR after the early biopsy

significantly reduced subsequent development of overt TG.

This study and others [15,27] demonstrate MI in the

presence of DSA as an early sign of active antibody-medi-

ated graft injury and if suppressed by intervention would

potentially avoid future graft dysfunction and failure. As

a response to this unmet need, a respective Banff Work-

ing Group was established at the Banff 2011 meeting with

the aim of assessing the significance of MI and to con-

struct and recommend evidence-based diagnostic criteria

for C4d-negative ABMR [21] (Figs 1 and 2).

Phenotypes of ABMR in heart, pancreas, lung,
and liver transplants

The basic principles for diagnosing ABMR are applicable

to all types of organ transplants: (i) demonstration of cir-

culating DSA; (ii) C4d deposition in the microcirculation

of the allograft; (iii) antibody-mediated tissue pathology;

and (iv) clinical evidence of graft impairment (Fig. 3).

However, these features are not equally represented dur-

ing episodes of ABMR in all types of transplants. This is

presumably because of organ-specific differences in the

microcirculation causing different degrees of resistance to

antibody-mediated injury. Furthermore, because of differ-

ences in the anatomy and the material retrieved by biop-

sies, antibody-mediated pathology features are not equally

reliably appreciable by histology. In addition, in all organs

C4d, the presence of DSA, and respective histologic lesion

are of limited specificity. These limitations and organ-

specific particularities mean that, to date, the available data,

and thus the status of diagnostic consensus classifications,

is quite variable for the different types of organ trans-

Figure 3 A triad of features required for the diagnosis of acute antibody mediated rejection in heart, lung, and pancreas allografts with allograft

dysfunction.
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plants (Table 1). Constant collaborative efforts are under-

way to further refine diagnostic criteria for ABMR in the

various types of organ transplants, of which the current

status is summarized below.

ABMR in heart transplants

The diagnostic criteria for ABMR of heart transplants

went through several refinements and currently include

the following requirements: (i) clinical evidence of graft

dysfunction; (ii) morphological evidence of acute capillary

injury: (a) capillary endothelial swelling or denudation

with congestion, (b) macrophages in capillaries, (c) neu-

trophils in capillaries and (d) interstitial edema and/or

hemorrhage; (iii) immunopathologic evidence for anti-

body effects in the capillaries, (a) IgG, IgM, and/or IgA

plus C3d and/or C4d or C1q demonstrated by immuno-

fluorescence (b) CD68 positivity for macrophages in cap-

illaries (identified using CD31 or CD34 stains), and/or

C4d staining of capillaries (c) fibrin in vessels (optional);

and (iv) serologic evidence of anti-HLA or other anti-

donor antibody at time of biopsy [72,73].

Against the background of the emerging literature in

this area, surveys and multicenter studies done under the

leadership of the International Society of Heart and Lung

Transplantation (ISHLT), the Association of the European

Cardiovascular Pathologists, and the Banff Heart Group,

these fundamental diagnostic criteria were extensively dis-

cussed at a recent ISHLT Consensus Conference [74]. It

became obvious that a significant variance still exists in

how different centers render the diagnosis of ABMR,

interpret DSA findings, and stain and interpret C4d and

other immune-pathological markers [75]. The current

proposal by the ISHLT suggests that the combination of

histopathologic and immunopathologic findings will be

reported as ‘‘pathologic ABMR’’ (pABMR) (‘p’ for

pathology). This was reiterated in light of the decision by

clinicians that ABMR should be a diagnosis rendered by

pathologists, without the requirements of clinical dysfunc-

tion or positive DSA, as currently required. It was empha-

sized that the proposed grading system represents an

initial formulation that is intended to permit the accumu-

lation of data and further refinement of the classification.

The provisional categories for the reporting of ABMR are

summarized in Table 2 [74]. No criteria are yet estab-

lished for chronic ABMR in heart allografts.

ABMR in pancreas transplants

Consensus for diagnosing acute ABMR in pancreas allo-

grafts has recently been established [76]. The updated

Banff Grading Schema emphasizes the need for clinico-

pathologic integration for the diagnosis of ABMR in pan-

creas allografts similar to renal allografts. The criteria for

acute ABMR in a pancreatic allograft include (i) demon-

stration of circulating DSA, (ii) C4d staining in the inter-

acinar capillaries, and (iii) histologic evidence of

microvascular tissue injury (interacinar inflammation/

capillaritis, acinar cell damage, e.g. swelling/necrosis/

apoptosis/dropout, vasculitis and thrombosis). Analogous

Table 1. Current status of diagnostic consensus criteria for various phenotypes of ABMR in the different types of organ transplants.

Kidney Heart Pancreas Lung Liver

Hyperacute ABMR Yes Yes Yes Yes No

Acute ABMR Yes Yes Yes Under development Under development

Chronic ABMR Yes No No No No

C4d-negative ABMR Under development Yes No No No

Table 2. The provisional categories for the reporting of ABMR in heart allografts as proposed by the ISHLT (adapted from [74])

ISHLT class Diagnostic category Description

pABMR 0 Negative for pathologic ABMR Both histologic and immunopathologic studies are negative.

pABMR 1 (H+) Histopathologic ABMR alone Histologic findings present and immunopathologic findings negative.

pABMR 1 (I+) Immunopathologic ABMR alone Histologic findings negative and immunopathologic findings positive.

pABMR 2 Pathologic ABMR Both histologic and immunopathologic findings are present.

pABMR 3 Severe pathologic ABMR This category recognizes the rare cases of severe AMR with

histopathologic findings of interstitial hemorrhage, capillary

fragmentation, mixed inflammatory infiltrates, endothelial

cell pyknosis, and/or karyorrhexis and marked edema. The

reported experience of the group was that these cases are

associated with profound hemodynamic dysfunction and

poor clinical outcomes.
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to kidney transplants, all three of the mentioned compo-

nents should be present to render a diagnosis of ABMR.

In cases where only two components are present, the case

should be labeled suspicious of ABMR. If only one ele-

ment is present the recommendation is to monitor the

patient closely with regular follow-up [76]. Currently

studies are underway to assess the reproducibility of this

new grading schema including the reproducibility of

interpreting the C4d stain. No criteria for chronic ABMR

in pancreas allografts have been established yet.

ABMR in lung transplants

The diagnostic criteria for ABMR in the lung transplants

are still controversial and not yet completely defined

[77]. However, the same principles apply. The presence

of pulmonary intra-alveolar capillaritis and signs of capil-

lary injury are considered most representative of anti-

body-mediated injury to lungs. But again, it is well

known that capillary injury can also be seen in severe

cell-mediated rejection, diffuse alveolar damage, and

infections [78]. Furthermore, C4d and other complement

components were detected in the microcirculation in var-

ious settings besides DSA [79]. Thus, current provisional

ABMR criteria describe four putative stages of the

humoral response to a lung allograft [78]: stage I – latent

(circulating DSA, C4d-negative, no pathology, no graft

dysfunction); stage II – silent (circulating DSA, C4d-posi-

tive, no pathology, no graft dysfunction); stage III – sub-

clinical (circulating DSA, C4d-positive, tissue pathology,

no graft dysfunction); stage IV – clinical (circulating

DSA, C4d-positive, tissue pathology, graft dysfunction). A

few studies indicate a potential relationship between

ABMR and chronic rejection of lung allografts, i.e. the

development of bronchiolitis obliterans syndrome

[77,80].

At the 2011 Banff meeting, the lung session focused on

reviewing available immunology, serology, and pathology

data related to ABMR and revisited the above described

gaps in the understanding of ABMR-related pathology

[21]. The working group concluded to conduct a multi-

center study with an aim to develop internationally

acceptable recommendations for the pathologic diagnosis

of ABMR in lung allografts.

ABMR in liver transplants

No specific consensus criteria yet exist for ABMR in

liver transplants. Compared with kidney, relatively

sparse data are available regarding the significance of

DSA and ABMR. Recent studies describe an association

between DSA and chronic (ductopenic) liver allograft

rejection with inferior outcome [81,82]. Furthermore,

robust associations between DSA and C4d deposition

and increased rates of cellular rejection, and allograft

dysfunction were recently identified [81,83–85]. How-

ever, C4d staining was also found to be positive in

other insults to liver transplants such as cellular rejec-

tion, recurrent disease, or preservation injury [83].

Interestingly at the 2011 Banff meeting, preliminary

data presented suggested that weaning protocols should

be revisited in recipients showing DSA and diffuse

C4d+ staining. In these patients a higher failure rate of

weaning protocols was observed. In addition, C4d posi-

tivity was observed more frequently in patients after

weaning of immunosuppression suggesting that under-

immunsuppression might represent a risk factor for

de novo DSA and ABMR in liver allografts. Thus,

upcoming goals of the Banff liver group include a bet-

ter understanding of the ABMR phenotypes in liver

transplant with the aim to develop consensus guidelines

for interpreting C4d stains [21].

Conclusions

ABMR emerged as a significant disease in all types of

organ transplants. It requires distinct treatment and thus

reliable diagnosis. This represents the current challenge.

ABMR, depending on stage, grade, time course, organ

type or prior treatment, can present with a wide spectrum

of phenotypes. Despite being a significant contributor to

late graft loss, it is often missed because of limited speci-

ficity and sensitivity of current diagnostic criteria. Future

collaborative efforts of the transplant community need to

address this unmet need by pursuing new concepts for

more precise diagnosis of ABMR, which ultimately will

allow for further stratification of patients to personalized

therapeutic interventions.
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