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chapter 1

R E N A L  T R A N S P L A N TAT I O N
     
Chronic kidney disease (CKD) is a worldwide public health problem with an estimated prevalence of 
13.4%1. Important risk factors for developing CKD are diabetes and hypertension. Patients suffering from 
CKD can eventually progress to renal failure. Renal failure, or end-stage renal disease (ESRD), is defined 
as having a glomerular filtration rate (GFR) below 15 ml/min/1.73m3. These patients will be in need of renal 
replacement therapy (RRT). The choices at hand for RRT are either dialysis or kidney transplantation. The 
preferred treatment for ESRD is kidney transplantation as this will reduce mortality and also improve 
quality of life compared to patients on dialysis2,3. 

Immunosuppression.
After transplantation, immunosuppressive drugs are needed in order to prevent rejection and loss of 
the renal allograft. In the first months after transplantation high dose of immunosuppressive drugs are 
used, with or without induction therapy, consisting of interleukin-2 receptor blocking or T cell depleting 
antibodies. In the years thereafter, the intensity of maintenance immunosuppressive therapy can be 
reduced as donor-specific hyporesponsiveness develops, a poorly understood immunological process 
that leads to a diminished immune response to the allograft. 

Maintenance immunosuppression puts patients at risk for both common and opportunistic 
infections. In addition, the immunosuppressive therapy used may lead to toxicity and cause serious 
side effects such as new-onset diabetes, dyslipidemia or malignancy. These side effects need to be 
carefully balanced against the risk for rejection. At present, the immunosuppressive treatment of choice 
is a combination of a calcineurin inhibitor (typically tacrolimus) and an antimetabolite (mycophenolate 
mofetil, MMF), with or without glucocorticoids. 

Allograft rejection.
The clinical presentation of acute renal allograft rejection is a sudden deterioration of allograft function, 
generally occurring within the first 6 months after transplantation. Acute rejection has a major 
contribution to early graft loss and is predominantly a T cell mediated type of rejection. This type of 
rejection is therefore called ‘acute T-cell mediated rejection (TCMR)’, also referred to as acute cellular 
rejection, and occurs in about 10-20% (or more) of transplant patients4.
A much less frequent cause of acute rejection is ‘antibody-mediated rejection (ABMR)’. The underlying 
mechanism is based on the presence of antibodies in the serum of the recipient reacting with the donor 
kidney. These antibodies are frequently directed against human leukocyte antigen (HLA) or non-HLA 
expressed on endothelial cells in the renal allograft and are called donor-specific antibodies (DSA). The 
most deleterious DSA will cause a cytotoxic reaction to the graft by their avid ability to bind complement 
and activate complement-dependent and complement-independent mechanisms. 

Prior to transplantation, the donor cells and serum of the recipient are tested by a complement 
dependent cytotoxicity (CDC) assay to avoid transplantation with these detrimental DSA. A positive CDC 
assay is an absolute contra-indication for transplantation as hyper-acute ABMR will ensue, inevitably 
leading to the loss of the graft during or shortly after the transplantation procedure. The presence of DSA 
that are not detected in the CDC can be identified by the Luminex-based anti-HLA antibody assay. These 
antibodies do not cause hyper-acute ABMR but are considered a risk factor for ABMR. Consequently, 
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patients who have encountered an episode of active ABMR are prone for subsequent rejections and the 
development of chronic-active ABMR5-7.

Both types of acute rejection are a severe complication after renal transplantation and can lead to 
allograft dysfunction or have a detrimental effect on long-term renal allograft survival. Acute rejection is 
rare after the first years of transplantation and is usually only observed when there is lack of adherence 
to immunosuppressive medication8. 

Fortunately, in the past decades tremendous progress has been made in improving renal allograft 
survival9. These advances are mostly driven by the improvements made in short-term renal allograft 
survival by, amongst other, improving the treatment of acute rejection9-12. The introduction of calcineurin 
inhibitors, such as Ciclosporin and Tacrolimus, have greatly reduced the risk for acute TCMR and thereby 
have improved first-year graft survival. Refraining from transplantation in the presence of DSA lowers 
the risk for AMBR, further contributing to superior graft survival. 

However, these impressive advancements made within first-year graft survival cannot be translated 
into similar improvements in long-term renal allograft survival. The allograft survival rate beyond the first 
year has only shown small improvements13. These improvements could be a reflection of the ‘trickle 
down’ effect of the progress made in short-term allograft survival. Another, more plausible explanation 
for this trend is the improved management of the transplant process such as progressive shortening of 
cold ischemic time and perfecting of immunosuppressive treatment14.

Given the lack of progress in this area, successful long-term graft maintenance has become one of 
the greatest unmet needs in renal transplantation. In order to sustain the early benefits in the long term, 
it is imperative to redirect the transplant community’s attention from early endpoints towards long-term 
complications leading to late allograft loss13,14. For many years it was believed that calcineurin inhibitor 
nephrotoxicity was to be blamed. However, recent insights indicate that chronic rejection needs to be 
considered as the most important hurdle to overcome. Specifically chronic-active antibody-mediated 
rejection (c-aABMR) has become more and more recognized as a major contributing factor to the 
stagnation of improvement in long-term graft survival15-19.
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A  B R I E F  H I S T O R Y  O F  C H R O N I C - A C T I V E  A N T I B O D Y - M E D I AT E D  R E J E C T I O N

Renal allograft dysfunction due to unique glomerular changes was first described as early as the 1960’s. 
The characteristics glomerular changes were recorded by Busch, Galvanek and Reynolds and labeled 
as ‘rejection transplant glomerulopathy’20. Rejection transplant glomerulopathy specifically differed 
in morphology from other glomerular alterations such as chronic ischemic damage and de novo or 
recurrent glomerulonephritis.

Later, in 1973, Zollinger et al. were the first to start using the term ‘transplant glomerulopathy’ 
which remains widely used to this day. Transplant glomerulopathy (TG) was used to identify a group 
of specific histomorphologic characteristics of the allograft of kidney transplant recipients. The hallmark 
feature being reduplication of the glomerular basement membrane. It wasn’t long before these histologic 
features in combination with ‘kidney transplant nephrotic syndrome’ were associated with chronic 
rejection. However, over the years, the entity TG remained obscure and was inaccurately applied to a wide 
range of unrelated glomerular lesions. It wasn’t until the 80’s that the term transplant glomerulopathy 
regained importance as it was linked to an increased prevalence of transplant dysfunction occurring 
several years post transplantation.      

Later in 1991 TG was incorporated into the Banff Classification of Renal Allograft Pathology as 
part of the nonspecific term ‘Chronic Allograft Nephropathy’. The classification provides international 
nomenclature and criteria for the histologic diagnosis of renal allograft rejection. CAN was created in 
order to reverse the misconception that all late scarring of the renal allograft was due to some form of 
alloimmune injury. The association of TG with chronic rejection faded and other specific causes of TG, 
such as hepatitis C virus (HCV) infection and thrombotic microangiopathy (TMA), were emphasized.

It wasn’t until 2005 that the use of the non-specific term ‘CAN’  was eliminated as it undermined the 
recognition of underlying pathophysiological processes preventing adequate treatment. In addition, 
mounting data regarding TG provided sufficient evidence for a clear association with chronic antibody-
mediated rejection. Transplant glomerulopathy became part of the diagnostic triad of late or chronic 
antibody-mediated rejection as morphologic evidence of chronic, antibody mediated tissue injury.

However, due to this long history, preconceived notions and the continuous modifications in both 
the diagnostic criteria and nomenclature, it has been difficult to establish research continuity and 
reproducibility for this relative recently acknowledged form of rejection21. 
According to the most recent Banff criteria, a renal biopsy must full-fill 3 principle conditions in order to 
diagnose c-aABMR22-24.  All three of the following criteria must be met for diagnosis: 
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Criterion 1.
Morphologic evidence of chronic tissue injury must be present. The renal biopsy needs to include 1 or 
more of the following:
• Transplant glomerulopathy (glomerular basement membrane double contours > 0) if no evidence 

of chronic thrombotic microangiopathy or chronic recurrent/ de novo glomerulonephritis; this 
includes changes evident by electron microscopy alone (cg1a).

• Severe peritubular capillary basement membrane multilayering (requiring electron microscopy)
•  Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima 

favor chronic ABMR if there is no prior history of TCMR, but are not required

Criterion 2.
Evidence of current/recent antibody interaction with vascular endothelium, including 1 or more of the 
following: 
• Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d > 0 by 

IHC on paraffin sections) 
• At least moderate microvascular inflammation ([g + ptc] ≥2) in the absence of recurrent or de novo 

glomerulonephritis, although in the presence of acute TCMR, borderline infiltrate, or infection, ptc ≥ 
2 alone is not sufficient and g must be ≥1

• Increased expression of gene transcripts/classifiers in the biopsy tissue strongly associated with 
ABMR, if thoroughly validated

Criterion 3.
Serologic evidence of donor- specific antibodies (DSA to HLA or other antigens).  If no DSA or non-HLA 
antibodies are detected, C4d staining or expression of molecular transcripts must be present.

(C4d staining or expression of validated transcripts/classifiers as noted above in criterion 2 may substitute for 
DSA; however thorough DSA testing, including testing for non-HLA antibodies if HLA antibody testing is negative, is 
strongly advised whenever criteria 1 and 2 are met.)
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C-aABMR has a clinical presentation of progressive decline in renal allograft function often accompanied 
by proteinuria, several years after transplantation. The declining renal allograft function lags behind the 
histomorphologic changes, causing c-aABMR to often be diagnosed quite late due to delayed biopsy 
indication16,25. Renal biopsy remains the gold standard for the diagnosis of c-aABMR. It is rarely diagnosed 
before 6 months but incidence increased to an estimated 20% 5 years post transplantation (figure 1). 
Furthermore, c-aABMR is known for its poor allograft survival as renal failure occurs approximately 2 
years after the diagnosis. 

Figure 1. This figure is adapted from Halloran et al. Kidney International, 2014. The figure represents the probability of a particular 
histologic diagnosis over time.

The cardinal feature of c-aABMR in the renal biopsy is the presence of TG, as described earlier in this 
chapter as the presence of glomerular basement membrane double contours (Figure 2). The evolution 
of this morphologic lesion is a time-dependent pathology. It is important to distinguish TG from other 
glomerulopathies; both thrombotic micro-angiopathy and recurrent or de novo immune complex 
glomerulopathy can demonstrate similar lesions. Through immunofluorescent evaluation of the 
transplant biopsy and clinical correlation the etiological grounds can be differentiated. 
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TG alongside microvascular inflammation, as denoted by glomerulitis and peritubular capillaritis (figure 
3), are the characteristic histomorphological lesions of c-aABMR. Other non-specific indexes of chronic 
renal damage such as tubular atrophy, interstitial fibrosis, arteriolar hyalinosis and arterial fibrous intimal 
thickening may also be present in the renal biopsy of patients with c-aABMR.  

The manifestation of these lesions are visible in advanced c-aABMR and identifiable by light microscopy. 
Earlier lesions, visible only by electron microscopy, include widening of the subendothelial space, loss 
of endothelial fenestration, endothelial cell swelling and glomerular hypercellularity leading to reduced 
patency of the capillary loops. However, the abnormalities associated with c-aABMR are not limited to 
the glomerular endothelial cells. In approximately 90% of patients with transplant glomerulopathy, 
multilamellation of the peritubular capillary basement membrane is visible by electron microscopy 
indicating a pancapillaritis of the renal allograft. This suggests that c-aABMR is primarily due to 
endothelial damage. The microcirculation, both glomerular and peritubular capillaries, are affected 
by structural remodeling of the endothelial basement membrane. These structural changes are the 
consequence of maladaptive repair subsequent to ongoing endothelial injury.   

Figure 2.  >>
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>>

Figure 3.

Figure 3. PAS-staining of glomerular basement membrane double contours (figure 2) and glomerulitis and peritubular capillaritis 
(figure 3). Images courtesy of Dr. M. Clahsen-van Groningen, Department of Pathology, Erasmus MC, Rotterdam, The Netherlands.



17

Chapter 1

GENERAL INTRODUCTION AND 
OUTLINE OF THE THESIS

PAT H O P H Y S I O L O G I C A L  M E C H A N I S M S  O F  c - a A B M R
  
The proposed pathophysiological mechanism underlying antibody-mediated rejection is the continuous 
activation and injury of the endothelial cells through donor-specific antibodies (DSA). Experimental 
models have shown that activated endothelial cells will initiate the production of transcription factors 
and cytokines, potentiating the further recruitment of pro-inflammatory cells and upregulation of 
HLA molecules. These components of endothelial cell activation mutually interact resulting in local 
inflammation. The recurrent or ongoing inflammation is what will eventually lead to chronic-active 
ABMR5.

The activation of endothelial cells occurs through the complex interplay between adaptive and innate 
immunity in which donor-specific antigens on the renal endothelial cells are recognized by donor-
specific antibodies. These donor-specific antibodies are formed either pre-transplant or de novo post 
transplantation26,27. The interaction of DSA and endothelial cells results in the recruitment of secondary 
effector mechanisms, including macrophages, NK cells and activation of the complement system leading 
to endothelial cell injury. The activation of the complement system through DSA is a key component in 
the ABMR mechanism6,28-30. A specific degradation product of the complement cascade is C4d which is a 
fragment of the complement factor C4. C4d is able to form a stable covalent binding to the endothelial 
surface in peritubular capillaries. Its presence in the peritubular capillaries is seen as a diagnostic marker 
for ABMR as it suggests DSA engagement with the renal microvascular endothelium (figure 4). C4d 
depositions were seen as the first reliable marker of ABMR31. 

Figure 4. C4d staining in peritubular capillaries. Images courtesy of Dr. M. Clahsen-van Groningen, Department of Pathology, Erasmus 
MC, Rotterdam, The Netherlands.



18

chapter 1

However, a significant number of patients do not have C4d-positivity in the peritubular capillaries at time 
of c-aABMR diagnosis32-34. The C4d staining has short comings as the sensitivity of C4d is low, specifically 
in chronic setting, and the depositions are fluctuating in nature6,19,35. It is therefore that in 2013, the Banff 
working group acknowledged the possibility of C4d-negative (c-a)ABMR and incorporated it into the 
new diagnostic criteria. The immunohistopathologic evidence in the form of C4d staining was replaced 
by the criterion: ‘current/recent evidence of antibody interaction with the endothelium’. This may 
include C4d positivity but also moderate microvascular inflammation (MVI) and/or elevated expression 
of gene transcripts indicative of endothelial injury in the renal biopsy. A threshold for MVI was set at 
≥ 2 (glomerulitis + peritubular capillaritis) as it was demonstrated to show strong association with 
pathogenesis-based transcript sets related to ABMR36,37. 

Other theories for C4d negative staining include the possibility of a complement-independent pathway 
for the development of c-aABMR. One possible mechanism is through antibody-dependent cell-
mediated cytotoxicity. Innate immune cells, such as natural killer cells, neutrophils and macrophages, 
bind to the Fc receptor of DSA. This triggers degranulation and release of proteolytic enzymes initiating 
tissue injury and cell death. This process of continuous endothelial cell damage is put forward as an 
essential pathogenic mechanism in subclinical and chronic ABMR38-40. Furthermore, it is also possible 
for the DSA to cause graft injury through direct activation of endothelial cell proliferation (figure 5)28,41-44.

Regardless of the precise underlying mechanism, the recurrent alloantibody-mediated endothelial 
cell injury is considered a key factor in the development of c-aABMR. The sustained microvascular 
inflammation precedes the permanent chronic histomorphologic changes such as the lamination of 
the glomerular basement membrane (TG). Problematic is that the process of ongoing rejection may go 
unnoticed when clinically graft function remains stable6,18,28,45. Eventually, the clinical presentation of 
graft deterioration will manifest itself and damage will be irreversible.
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Figure 5. This figure is adapted from Zhang et al. CJASN, 2018. The figure represent the 3 proposed mechanisms for antibody mediated 
rejection. 
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T H E R A P E U T I C  M A N A G E M E N T  O F  c - a A B M R

Despite extensive research and continuous improvement in understanding the causes and effector 
mechanisms in patient with c-aABMR, no standardized treatment for this condition is available. Adequate 
interpretation of current data remains problematic due to the fact that the terminology for this process 
has changed from transplant glomerulopathy to c-aABMR. In combination with the strict diagnostic 
criteria, it is difficult to establish the current status of therapeutic management of c-aABMR. A major 
problem is the necessity of DSA presence to be able to make the diagnosis of c-aABMR according to the 
most recent Banff criteria. The literature on TG showed that frequently DSA cannot be detected while 
other histopathological criteria for c-aABMR were met. The formerly called “suspicious for c-aABMR” type 
of chronic rejection (DSA negative c-aABMR) is now not included in treatment studies of c-aABMR.

The treatment of c-aABMR remains challenging since irreversible damage has already occurred in the 
allograft with consequently a severely compromised graft function. It has been postulated that prevention 
through the circumvention of transplantation in the presence of antibodies would be most effective. 
Different types of desensitization protocols are put into place for sensitized patients. Unfortunately, 
these are without major significant clinical benefit and a substantial percentage of c-aABMR develops as 
a consequence of de novo DSA formation.

Other suggested pre-emptive measures include monitoring of DSA in order to identify ABMR 
sooner, effective treatment of ABMR and adequate drug compliance18,46. In addition, previous research 
has suggested that increasing or adding immunosuppressive drugs to the maintenance therapy might 
be helpful. The rational being that these patients have insufficient immunosuppressive exposure which 
may lead to rejection through ongoing activation of the immune system. However, no clear evidence 
for this theory has been provided. These recommendations are predominantly based on expert opinion 
rather than randomized control trials or level I evidence.

Regarding the actual treatment of c-aABMR, to date, only 2 randomized control trials have been 
performed. Based on the above postulated pathophysiological mechanisms the treatment of c-aABMR 
would require inhibition of B cell activity leading to a reduction in DSA production. However, the treatment 
with either bortezomib or rituximab has been proven ineffective for c-aABMR47,48. Other, observational 
studies have an overwhelming heterogeneity in treatment protocols. These regimens include varying 
combinations of IVIG, plasmapheresis, steroids, rituximab, bortezomib, eculizumab and several other less 
conventional treatments (figure 6). However, it remains unclear which combination of therapy is both 
effective and safe in these patients. So far, no treatment protocol has been internationally accepted as a 
successful intervention for c-aABMR.

In recent years there has been a limited expansion in therapeutic armamentarium in transplantation. 
However, drug development for indications outside of transplantation (for example rheumatology and 
oncology) has allowed for a potential interesting new agent: tocilizumab, a monoclonal antibody directed 
against the interleukin-6 receptor. Excessive IL-6 production has been associated with a multitude of 
diseases categorized by dysregulated antibody production and autoimmunity49,50. A retrospective study 
has assessed the efficacy of tocilizumab as rescue therapy in c-aABMR patients upon failure to respond 
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to the standard of care treatment51. The data demonstrated a stabilization in graft function and improved 
graft survival in an overwhelming majority of treated patients. This novel approach offers hopeful 
perspective in the treatment of c-aABMR for the future.

Figure 6. This figure is adapted from Loupy et al. NEJM, 2018. The figure represent the different proposed therapeutic approaches to 
antibody mediated rejection. 
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A I M  A N D  O U T L I N E  O F  T H I S  T H E S I S    
  
C-aABMR is a significant long term complication after renal transplantation and poses a serious challenge 
for the transplant community. It is considered a multifactorial process in which both humoral and cellular 
processes are involved. Even though c-aABMR has been described as early as the 1960’s, the exact 
underlying pathogenic mechanisms remain unknown. However, as the knowledge of c-aABMR has 
evolved over time, it has gained importance and understanding in the transplant community. The aim 
of this thesis is to address current challenges in the setting of c-aABMR. It will provide further insights 
into c-aABMR after renal transplantation and will describe both clinical and immunological aspects of 
c-aABMR. 

In order to do so, Chapter 2 will introduce the importance of DSA after transplantation. Currently, the 
presence of DSA is seen as a significant impact factor on graft survival. Therefore the association 
between DSA and graft survival in the general kidney transplant population will be analyzed. Chapter 2 
will additionally provide information on the scale of the problem of ABMR. 

Chapter 3 will continue on the subject of DSA and describe their contribution and role in c-aABMR. The 
serologic presence of DSA is one of the diagnostics cornerstones for the possible presence of ABMR. This 
chapter will address the clinical problem regarding the absence of DSA in patient presenting with both 
clinical and histomorphologic signs of c-aABMR. It is important to assess the validity of the diagnostic 
criteria necessary to identify c-aABMR in order to reach an accurate diagnosis. The influence of DSA on 
renal allograft function, renal allograft survival and renal histomorphology will be discussed in detail. 

Subsequently, Chapter 4 will assess the relation between immunosuppressive variability and the 
development of c-aABMR. As previous studies have identified high intra-patient variability (IPV) as a risk 
factor for poor long-term allograft survival, it raises the question whether there is an association with the 
development of c-aABMR. It is hypothesized that poor drug adherence causes frequent sub-therapeutic-
exposure to immunosuppressive medication, in particular tacrolimus, leading to rejection and early graft 
loss. Establishing such a relation would provide a clear clinical objective. To date, few clear objectives for 
the prevention or early detection of c-aABMR have been recognized. Attempts to do so would primarily 
need to involve a deeper understanding of the underlying immunological mechanisms. 

Therefore, Chapter 5 and 6, will address the immunological aspects surrounding c-aABMR and concentrate 
on a potential future biomarker for early detection. Chapter 5 will focus on identifying specific activated 
immune cells, in the peripheral blood of patients with c-aABMR, which might contribute to the continuous 
inflammatory processes leading to endothelial damage in the renal allograft. The identification of such 
cells would provide further insight into the immunological mechanisms underlying c-aABMR as well as 
the ability to serve as a potential biomarker. Chapter 6 will continue with the identification of immune 
cell infiltrate. The renal allograft biopsies of patients with c-aABMR will be stained for the purpose of 
characterizing different immune cells types and their distribution in the graft. The identification of these 
immune cells will lead to a better understanding of the allograft inflammation in patients with c-aABMR 
at histomorphologic level. The presence of these cells and their location will be correlated to graft survival 
outcomes. 
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Continuing on the path of allograft survival, Chapter 7 will provide further information on this subject by 
elucidating which clinical and histomorphologic characteristics contribute to the inferior allograft survival 
of these patients. The individual Banff lesions and clinical features of c-aABMR will be correlated to 
allograft outcome to determine which patients are at greater risk for early graft loss. The combination of 
these factors have not yet been associated with graft survival in c-aABMR. Stratifying such risk factors 
may contribute to the improvement of outcomes in the future.

Unfortunately there are no internationally acknowledged treatment regimen for c-aABMR. Therefore, 
c-aABMR currently is considered as an untreatable condition. However, many centers do provide some 
type of treatment regimen for these patients. Chapter 8 will describe the potential treatment benefits of 
intravenous immunoglobulins (IVIG) and methylprednisolone (MP) in patients with c-aABMR. The effect 
on renal allograft function and survival will be determined in a cohort of patients in order to establish 
treatment efficacy. 

To conclude this thesis, Chapter 9 and 10 will summarize the obtained results and discuss potential future 
research perspectives regarding c-aABMR.
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A B S T R A C T

Background. The presence of donor-specific antibodies against HLA (DSA) before kidney transplantation 
has been variably associated with decreased long-term graft survival. Data on the relation of pretransplant 
DSA with rejection and cause of graft failure in recipients of donor kidneys are scarce.  
Methods. Patients transplanted between 1995 and 2005 were included and followed until 2016. Donor 
specific antibodies before transplantation were determined retrospectively. For cause renal transplants 
biopsies were reviewed.
Results. Pretransplant DSA were found in 160 cases on a total of 734 transplantations (52% with a 
living donor kidney). In 80.5 % of graft failures a diagnostic renal biopsy was performed. The presence 
of pretransplant DSA (DSApos) increased the risk of graft failure within the first 3 months after 
transplantation (5.2 % vs 9.4%) because of rejection with intragraft thrombosis (p<0.01).  One year after 
transplantation, DSApos recipients had an increased hazard for antibody mediated rejection at 10 year ( 
9% DSAneg vs 15% DSApos, p=0.01) with significant decreased graft survival at 10 year (79% DSAneg vs 
69% DSApos, p=0.02). This could be largely contributed to an increased graft loss because of antibody-
mediated rejection in the DSApos group. The incidence and graft loss because of T cell-mediated rejection 
was not affected by the presence of pre-transplant DSA.
Conclusions. Pretransplant DSA are a risk factor for early graft loss, increase the incidence for humoral 
rejection and graft loss but do not affect the risk for T cell-mediated rejection.
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I N T R O D U C T I O N

The presence of donor-specific antibodies (DSA) against HLA molecules is a risk factor for humoral 
rejection after kidney transplantation. The introduction of the complement dependent cytotoxicity 
(CDC) test has been a major step forward in excluding high-risk donor-acceptor combinations1. The CDC 
recognizes the most harmful DSA, which are able to bind complement and subsequently lyse donor cells 
carrying HLA on their cell surface although non-HLA antibodies may also be a cause of a positive CDC. 
In recent years a number of other assays has become available which are able to recognize antibodies 
against HLA with a much greater level of sensitivity2. The flow cytometry assay using beads coated with 
a single HLA molecule is the most sensitive and now widely used to identify DSA2-4. However, the clinical 
importance  is still a matter of debate as conflicting results are published on the impact on long-term 
graft survival5-8. In addition, some studies show a significant impact on graft survival within the first 
months after transplantation while other studies do not9,10. 

The presence of pretransplant DSA identifies patients which are sensitized to allogeneic HLA e.g. by 
pregnancy, blood transfusions or a previous transplantation. Therefore, pretransplant DSA may identify 
patients with both an increased risk for antibody mediated rejection as well as T cell mediated rejection11. 
To date, a number of publications have shown the increased risk for recipients with pretransplant DSA to 
develop an acute antibody mediated rejection shortly after transplantation and subsequent decreased 
graft survival9,12,13. However, data on long-term biopsy proven rejection and cause of graft failure defined 
by renal biopsy, in relation to pretransplant DSA, are lacking.

Within the Dutch national Profiling Consortium of Antibody Repertoire and Effector functions 
(PROCARE) pretransplant DSA were measured retrospectively in all recipients of a kidney transplant in 
the period 1995-2005 in the Netherlands14,15. This offers a unique data set as clinical decision making and 
immune suppressive medication were not based on knowledge about pretransplant DSA status. 

In this study, the pretransplant DSA data were combined with the clinical and renal histopathological 
data of our transplantation center and the impact of pretransplant DSA on the type of graft rejection and 
cause of graft loss was analyzed.
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M E T H O D S

This study included all 734 kidney transplantations performed between January 1995 and December 
2005 at the Erasmus Medical Center in the Netherlands. The last follow-up date was January 1, 2017. 

The pre-transplantation protocol used PRA assessment and CDC testing. A positive CDC crossmatch 
of the recipient with the potential donor, but not the percentage of PRA, was an absolute contraindication 
for transplantation. In every case of transplantation the CDC crossmatch was negative with current and 
historic peak sera. PRA did not influence the medical policy regarding type of induction therapy or 
subsequent immune suppressive medication used. All transplantations were ABO-compatible.

Bead assay defined DSA were not taken into consideration in the matching procedure within the 
period of patient inclusion. Informed consent for data collection and use of leftover sera was obtained 
from all subjects. Sera used for DSA determination were assessed within the larger cohort of the PROCARE 
study comprising all Dutch kidney transplant centers14. Recipients of a donor kidney gave their informed 
consent to store their clinical data in the NOTR (The Dutch Organ Transplantation Registry). The use of 
clinical data and assessment of donor-specific antibodies in stored serum  samples was approved by 
the Research Ethics Committee for Biobanks and the Medical Ethics Committee of the University Medical 
Center Utrecht.

The baseline and clinical follow-up transplantation data were retrieved from the Netherlands 
Organ Transplant Registry (NOTR), which was over 99% complete for our center at time of this study. 
Graft failure is defined as loss of kidney function when the patient returns to dialysis or receives a re-
transplant. For the analysis of rejection-free survival and rejection-related graft failure the recipients who 
died with a functioning graft (141 patients) were censored at the time of death and patients lost to follow-
up censored at the time of the visit to the out-patient clinic (28 patients, 3.8%). Primary non-function 
of the graft is defined as the persistent need for dialysis after transplantation or the absence of graft 
function in pre-emptively transplanted end-stage renal disease patients. 

Time from transplantation to the first renal biopsy showing rejection was taken to calculate 
rejection free survival. 

The renal biopsies were performed because of progressive loss of graft function and scored in 
accordance with the Banff criteria 2015. Rejection episodes were classified as cellular (T cell mediated 
rejection), humoral (antibody-mediated rejection) or mixed-type rejection. The latter type of rejection 
presented a small group (n=10) and for statistical analysis these cases were combined with the humoral 
rejections. 

A cellular rejection was treated with prednisolone 1000 mg for 3 days and in case of insufficient 
response anti-thymocyte immunoglobulin was given. Humoral rejections were treated with prednisolone 
1000 mg for 3 days with intravenous immunoglobulins (1 gr/kg). Plasmapheresis was rarely performed 
and in case of rapid declining graft function without sufficient response to therapy, anti-thymocyte 
immunoglobulin was given.

Detection and definition of donor-specific HLA antibodies
The presence of HLA antibodies (HLA-Abs) in the pretransplant sera was assessed as described 
previously16. In brief, sera were tested for the presence of HLA class-I and class-II antibodies using 
Lifecodes LifeScreen Deluxe and Lifecodes SAB assay class-I and -II kits (Immucor Transplant 
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Diagnostics, Stamford, CT). The LABScan 100 flow analyzer (One Lambda, Canoga Park, CA) was used for 
data acquisition. The cutoff level was defined according to manufacturer’s instructions. The presence of 
SAB-DSA was assigned by comparing the SAB-HLA-A/B/DR/DQ antibody specificities on serological level 
with the broad level HLA typing of the donor. DSA to HLA-C, HLA-DP and DQA1 were not assessed.

Per individual the number of DSA’s, the maximum MFI of DSA and the cumulative MFI of DSA were 
calculated and used for the relation with transplant outcome.

Statistical analysis
Differences in patient, donor and transplant characteristics between the DSA-positive and -negative 
group were assessed by the Fisher’s exact test for categorical variables and Mann-Whitney U test for 
continuous variables. All p-values were 2-tailed.

Death censored graft loss and incidence of rejection were assessed by Kaplan-Meier analysis with 
log-rank statistics for difference between strata. All data were analyzed for the first 3 months, the first 
year after transplantation and after the first year of transplantation, given the clear differences in clinical 
events early and late after transplantation. 

Univariate Cox proportional hazards analysis was used to identify clinical and demographic 
variables associated with rejection and graft survival. Variables with a p-value of <0.1 were considered for 
further analysis by stepwise forward regression  to calculate hazard ratios and corresponding confidence 
intervals.  PH assumption of variables were tested by visual inspection of log-minuslog graphs and 
further tested by assessment of time-dependency using the Cox regression with time-dependent 
covariate module in SPSS. All variables met the demands of PH unless stated otherwise. Interaction terms 
that met statistical significance (p<0.05) were included in the multivariate model. Normal probability 
plots were made and  presence of significant correlations was assessed. Absence of collinearity in the 
model covariates was formally assessed by calculating the variance inflation factor. Statistical analysis 
was performed with software IBM SPSS statistics 21. 
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R E S U L T S

Baseline characteristics.
The clinical and transplant characteristics of recipients and kidney stratified according to the presence 
of pretransplant DSA (DSApos versus DSAneg recipients) are given in Table 1. Pretransplant DSA were 
present in 160 out of 734 (21.8%)  transplantations performed. The majority of DSApos recipients had 
either anti-HLA class I or  II antibodies (77.5%). The group of DSApos patients had significantly more 
retransplantations (50%).  DSApos recipients received relatively more frequently a deceased donor 
kidney compared to the DSAneg recipients (58.8% vs. 44.1%) and had a significantly different male/
female ratio in both the recipients and kidney donors. The mean total number of HLA mismatches was 
similar for recipients of living or a deceased donor kidney. The average number of DSA’s per individual 
was 1.3 ± 0.08 , the maximum MFI of DSA 7320 ± 4612 and the cumulative MFI of DSA 8206 ± 5092. A 
triple immunosuppressive regimen consisting of steroids, cyclosporine or tacrolimus, and mycophenolate 
mofetil or azathioprine was given initially in the large majority of patients. Only 7.4% of patients received 
induction therapy, virtually all with an IL-2 receptor-blocking antibody. A total of 383 graft failures were 
recorded (50.2% of transplantations in the DSAneg group and 59.4% in the DSApos group, p=0.04). 
Death with functioning graft occurred in 141 patients and in 195 cases out of the 242 death-censored 
graft failures (80.5%) a diagnostic  renal biopsy was performed. Graft failure because of rejection was 
diagnosed in more than half of these cases, with a significantly higher frequency of ABMR-related graft 
failure in the DSApos group (11.9% vs 5.4%, p<0.001). 

Early acute rejection and graft failure in recipients with and without pretransplant DSA.
Death censored graft loss within the first year after transplantation, particular within the first months, 
was significantly higher in the recipients with pretransplant DSA (figure 1A). Also the cumulative hazard of 
ABMR was higher in the DSApos group (Figure 1B). More detailed analysis of early graft failure and acute 
rejection within the first 3 months after kidney transplantation showed an overall incidence of 0.6% of 
graft failure, 18.1% TCMR and 0.7% ABMR (Table 2). Graft failure censored for death with a functioning graft 
at 3 months was higher in the DSApos group (8.1 % vs. 3.8%, p=0.03). This was caused by a significant 
higher incidence of primary non-functioning grafts of which the majority could be attributed to acute 
rejection with severe arteritis. In 7 out of 10 cases from the DSAneg group, but none of the cases of the 
DSApos group, this was accompanied by tubulo-interstitial rejection (p =0.02). Instead, renal biopsies 
in the DSApos group frequently showed intra-arterial thrombi or thrombotic microangiopathy (Table 
2). Only in the DSApos group, 5 cases of intrarenal thrombosis were observed without the presence of 
arteritis or glomerulitis. These findings indicate that circulating pretransplant DSA are a risk factor for the 
development of early severe arteritis and intrarenal arterial thrombosis leading to graft failure. 

The cumulative hazard for TCMR was similar for the DSApos and DSAneg groups (Figure 1C).

Cox regression analysis showed that only the presence of pretransplant DSA  was  highly associated 
with ABMR within the first year after transplantation (Table 3).  Pretransplant DSA, receiving a deceased 
donor kidney and donor age significantly increased the risk for early graft failure (Table 3). The type of 
DSA (anti-HLA I, II or in combination) was not significantly related to ABMR or early graft failure (data not 
shown). 
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Table 1. Clinical characteristics of recipients and kidney donors stratified for pretransplant donor specific antibodies to HLA.

DSAnegs
N=574

DSApos
N=160 p-value

Age recipient ± SEM 46.2 ± 0.6 43.8 ± 1.0 0.064

Age donor ± SEM 47.2 ± 0.6 45.7 ± 1.1 0.19

Donor male sex 67.2 % 40.6 % <0.001

Recipient male sex 43.7 % 57.5 % 0.002

Deceased donor 44.1% 58.8% 0.001

Living donor: related/unrelated 36.9%/19.0% 30.6%/10.6% 0.09

Cold ischaemia time in hours 10.2 ± 0.4 13.8 ± 0.9 0.2

Retransplantation 9.1% 49.7 % <0.001

PRA historic ± SEM 11.2% ± 0.8 43.3% ± 2.8 <0.001

PRA current ± SEM 2.9% ± 0.4 26.2% ± 2.5 <0.001

Total HLA mismatches ( median) 3 3 0.4

DSA  HLA class I only - 35 %

DSA  HLA class II only - 42.5%

DSA HLA class I and II - 22.5%

Induction therapy  yes/no 35/539 17/143 0.055

• Anti-IL-2 receptor antibody 33 17 0.047

• T cell depleting antibody 2 0 >0.99

Initial immune suppresion

• steroids 93.0% 86.3% >0.99

• tacrolimus/ciclosporin 60.3%/38.6% 59.3%/37.5% >0.99

• MMF/azathioprine 69.7%/0.5% 75.6%/0.0% >0.99

• sirolimus 8.4% 7.5% >0.99

• other 4.5% 3.1% >0.99

Follow up time (median years) 11.6 11.2 0.13

Total number of graft loss 288 95 0.040

Death with functioning graft 117 24 0.14

Surgery related graft loss 3 0 >0.99

Cases with diagnostic renal biopsy1 134 (78.4%) 61 (85.9%) 0.21

PRA:panel reactive antibodies, DSA:donor specific antibodies. % of total number of graft losses excluding cases of death with 
functioning graft1
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Figure 1. Kaplan-Meier analysis of graft survival censored for death within the first year after transplantation (A) of recipients with 
or without pretransplantation donor-specific anti-HLA antibodies (DSA). Figure 1B and 1C show the cumulative hazard of antibody 
mediated rejection(ABMR) and T cell mediated rejection (TCMR) for recipients within the first year after transplantation according to 
their status of pretransplant DSA (present or absent). P-values are obtained by log rank test statistics pairwise over strata.
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Table 2.  Characteristics of acute rejection and graft failure within the first 3 months after transplantation for recipients stratified 
for donor specific antibodies for HLA.

 No pretransplant  DSA*

( n=574)
 Pretransplant DSA
( n=160) p-value

Number of TCMR* 102 31 0.64

Number of ABMR* 0 5 0.0005

Total number of graft losses 30 (5.2%) 15 (9.4%) 0.06

Primary non-functioning graft 18 (3.1%) 12 (7.5%) 0.02

Causes of graft loss

death with functioning graft 8 (1.4%) 2 (1.2%) >0.99

vasculitis 10 (1.7%) 5 (3.1%) 0.33

• vasculitis with thrombi in arterioles 1 (0.2%) 3 (1.9%) 0.03

• vasculitis with tubulo-interstitial rejection 7 (1.2%) 0 (0.0%) 0.35

thrombi/TMA* without vasculitis 1/0 (0.2%) 4/1 (3.1%) 0.002

renal vein/artery thrombosis 3/1 (0.7%) 1 (0.6%) >0.99

acute tubular necrosis 2 (0.5%) 1 (0.6%) >0.99

other 3 (0.5%) 1 (0.6%) >0.99

surgery related complications 2 (0.3%) 0 (0.0%) >0.99

*DSA: donor-specific anti-HLA antibodies, TCMR:T cell mediated rejection, ABMR:antibody mediated rejection, TMA: thrombotic 
microangiopathy

Long term risk for rejection in relation to pretransplant DSA.
The presence of pre-existent DSA significantly increased the incidence of ABMR after kidney 
transplantation (Figure 2A) with a cumulative hazard at 10 year of 9% in the DSAneg group vs 15% in the 
DSApos group (p=0.01). The type of DSA (anti-HLA I, II or in combination) was not related to the incidence 
of ABMR (data not shown). In addition, the average number of DSA’s per individual, the maximum MFI of 
DSA and the cumulative MFI of DSA were not related to late rejection.  

Univariate and multivariate analysis showed that the presence of pretransplant DSA was 
significantly associated with ABMR, with a significant interaction between DSA presence and receiving a 
deceased donor kidney (Table 4).

In contrast, the long term incidence of TCMR (patients more than 12 months after transplantation) 
became close to zero 5 years after transplantation. The cumulative hazard of TCMR in the patients groups 
with or without pre-transplant DSA were overlapping (Figure 2B).
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Long term risk for graft failure in relation to pretransplant DSA.

The group of patients with pretransplant DSA had a significantly decreased death censored graft survival 
(Figure 3A). Graft survival at 10 years was 79% in the DSAneg recipients and 69% in the DSApos recipients 
(p=0.02).  The graft loss because of ABMR was significantly increased in den DSApos recipients (p=0.01, 
Figure 3B). After five years post-transplantation, ABMR was diagnosed as the cause for graft failure in 
47% of all for cause renal biopsies performed.

Multivariable analysis showed that age of donor, recipient age and the interaction term for 
pretransplant DSA and donor type  were significantly associated with the long term risk of graft failure 
(Table 5).  The type of DSA (anti-HLA I, II or in combination) was not significantly related to the incidence 
of ABMR-related graft loss (data not shown). In addition, the average number of DSA’s per individual, the 
maximum MFI of DSA and the cumulative MFI of DSA were not related to late rejection and or graft failure 
in accordance with previous publications17,18. 

In contrast, graft failure because of TCMR was most frequent in the first years after transplantation 
but became increasingly rare thereafter and was not influenced by the presence of  pre-transplant DSA 
(Figure 3C). 
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Table 3. Univariate and multivariate Cox regression analysis for graft loss and rejection in the first year after transplantation.

Univariate analysis for graft loss first year
 (45 events)1 p-value hazard ratio 95% CI

Male sex recipient 0.98 1.01 0.56-1.81

Age recipient (per year) 0.57 0.99 0.97-1.02

Age donor (per year) 0.005 1.03 1.01-1.06

Deceased donor kidney <0.001 7.32 3.10-17.3

Previous transplant 0.23 1.51 0.77-2.98

Number of HLA mismatches 0.14 1.15 0.95-1.39

PRA current 0.11 1.63 0.89-2.96

PRA peak serum 0.69 0.88 0.46-1.67

DSA present 0.009 2.22 1.22-4.06

DSA*deceased donor kidney 0.56 1.96 0.21-18.45

Multivariate analysis for graft loss first year

DSA present 0.042 1.88 1.02-3.44

Age donor 0.003 1.04 1.01-1.06

Deceased donor kidney <0.001 6.91 2.91-16.39

Univariate analysis for ABMR within first year
(12 events)

Male sex recipient 0.72 1.24 0.39-3.89

Age recipient (per year) 0.63 1.01 0.97-1.05

Age donor (per year) 0.87 1.00 0.96-1.04

Deceased donor kidney 0.79 1.17 0.38-3.62

Previous transplant 0.49 1.58 0.43-5.84

Number of HLA mismatches 0.23 1.25 0.87-1.78

PRA current 0.48 1.01 0.99-1.03

PRA peak serum 0.37 1.01 0.99-1.03

DSA present 0.001 7.70 2.32-25.57

DSA*deceased donor kidney 0.64 0.57 0.051-6.23

1 numbers of events are graft losses censored for death with functioning graft. Total graft loss within first year is 70. *interaction term 
for variables
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Figure 2. Kaplan-Meier analysis of the cumulative hazard for antibody mediated (ABMR) and T cell mediated rejection (TCMR) after 
the first year after transplantation according to their status of pretransplantation donor-specific anti-HLA antibodies (DSA present or 
absent). P-values are obtained by log rank test statistics pairwise over strata.
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Figure 3. Kaplan-Meier analysis of graft survival censored for death after the first year after transplantation (A). Graft loss because of 
antibody mediated rejection (ABMR) or T cell mediated rejection (TCMR) is shown in 3B and 3C. Separate survival curves are made for 
recipients  with or without pretransplantation donor-specific anti-HLA antibodies (DSA present or absent). P-values are obtained by log 
rank test statistics pairwise over strata. 
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Table 4. Univariate and multivariate Cox regression analysis for ABMR after the first year of transplantation.

Univariate analysis for ABMR after 1 year 
(n=658, 77 events) p-value hazard ratio 95% CI

Male sex recipient 0.82 1.01 0.56-1.81

Age recipient (per year) 0.056 0.98 0.97-1.00

Age donor (per year) 0.63 1,00 0.99-1.02

Deceased donor kidney 0.73 0.92 0.59-1.45

Previous transplant 0.14 1.48 0.87-2.51

Number of HLA mismatches 0.071 0.87 0.75-1.01

PRA current pos 0.081 1.51 0.95-2.41

PRA peak serum pos 0.96 1.02 0.60-1.70

Pretransplant DSA present 0.014 1.83 1.13-2.96

DSA*deceased donor kidney 0.001 2.58 1.51-4.42

Multivariate analysis for ABMR after 1 year

DSA*deceased donor kidney 0.006 4.36 1.51-12.55

*interaction term for variables

Table 5. Univariate and multivariate Cox regression analysis for overall graft loss and ABMR-related graft loss after  the first year 
of transplantation.

graft loss  after first year 
(184 events)

ABMR-related graft loss 
(52 events)

Univariate analysis for graft loss  p-value Hazard ratio 95% CI p-value hazard ratio 95% CI

Male sex recipient 0.99 1.00 0.75-1.34 0.81 1.06 0.62-1.84

Age recipient (per year) 0.009 0.98 0.98-0.99 0.052 0.98 0.91-1.00

Age donor (per year) 0.013 1.01 1.00-1.03 0.13 1.02 0.99-1.036

Deceased donor kidney 0.014 1.43 1.07-1.92 0.37 1.28 0.74-2.20

Previous transplant 0.010 1.56 1.11-2.19 0.024 1.99 1.09-3.63

Number of HLA mismatches 0.94 1.00 0.91-1.10 0.23 0.89 0.75-1.70

PRA current  pos 0.096 1.30 0.95-1.77 0.14 1.52 0.86-2.67

PRA peak serum pos 0.54 0.90 0.65-1.25 0.50 1.25 0.64-2.44

DSA present 0.024 1.45 1.05-2.01 0.011 2.09 1.18-3.71

DSA*deceased donor kidney <0.001 2.12 1.46-3.07 <0.001 3.39 1.83-6.25

Multivariate analysis for graft loss

Age donor (per year) 0.001 1.02 1.01-1.03 - - -

Age recipient (per year) 0.001 0.98 0.97-0.99 0.051 0.98 0.96-1.00

DSA*deceased donor kidney 0.035 2.14 1.06-4.35 0.017 4.94 1.32-18.43

*interaction term for variables
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D I S C U S S I O N

The results of this study show that pretransplant DSA significantly increase the incidence of ABMR and 
ABMR-related graft failure but not of TCMR. 

The short-term consequences of pretransplant DSA after kidney transplantation are an increase 
in severe vasculitis with thrombosis leading to graft loss, in particular in recipients of a deceased donor 
kidney. Our data also indicate that pretransplant DSA can result in intrarenal thrombosis without vasculitis. 
However, we cannot exclude the possibility of sampling error, and  isolated vasculitis lesions may have 
been present. Nevertheless, pretransplant DSA are clearly associated with intragraft thrombosis early 
after transplantation, which obviously contributes to graft loss. Three months after transplantation, the 
combination of vasculitis with multiple thrombi was not observed anymore. Graft loss associated with 
pretransplant DSA was predominantly observed in recipients of a deceased donor kidney. This may be 
caused by increased immunogenicity of the deceased donor kidney expressing more HLA and adhesion 
molecules  on endothelial and tubular cells in combination with an increased vulnerability for severe 
vascular damage19-21.  In line with this concept, Haller et al. recently showed that pretransplant DSA are 
particularly detrimental in patients with delayed graft function22.

Pretransplant DSA were predominantly found in patients, which were sensitized by a previous 
transplantation and therefore more frequently found in recipients of a deceased donor kidney. It is to 
be expected that allosensitization of T cells is also increased in the DSApos patients resulting in patients 
more prone to TCMR after transplantation. However, the incidence of TCMR was not affected by the 
presence of pretransplant DSA in this study and was previously even reported to be decreased12. This 
may be explained by the fact that the direct T cell response to allogeneic HLA antigens is predominantly 
involved in TCMR and not the indirect alloreactive T cell response23. The latter pathway is involved in the 
regulation of a humoral anti-HLA immune response. 

Some publications have reported on the outcome of routine kidney allograft biopsies in patients 
with pre-existent DSA and describe histopathological signs of antibody mediated rejection, specifically 
microvascular inflammation, in over 50% of all kidney allograft biopsies at 12 months12,24.  In addition, 
the presence of ABMR lesions at 1 year after transplantation is a risk factor for allograft loss25. However,  
not all grafts are affected by circulating DSA and when affected have a variable degree of microvascular 
inflammation and progression to graft loss. This indicates that other factors like complement binding 
capacity of the DSA, activation of the clotting system leading to intrarenal thrombotic microangiopathy 
or activation of immune cells, are important contributing factors26. 

After the first year of transplantation, pretransplant DSA significantly increased the risk for ABMR 
and was associated with decreased  overall graft survival. The latter was largely due to an increase in 
ABMR-related graft failure with a significant interaction between pretransplant DSA and deceased donor 
kidney. This is in accordance with a previous publication of the PROCARE study which showed a stronger 
negative effect of pretransplant DSA on deceased donor graft survival15.  The significant interaction 
between pretransplant DSA and a deceased donor kidney on the risk of ABMR and graft failure after 
the first year is of interest. The explanation can only by hypothetical but may indicate that the activated 
endothelium of the deceased kidney transplant has a boosting effect on the (humoral) immune response 
which has a detrimental effect on long-term outcome. 

Of note, this specific interaction was not confirmed in a recent publication from Germany reporting 
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about a large number of kidney transplantations with or without pretransplant DSA27. However, both 
studies indicate that pretransplant DSA are potentially harmful to the graft and should be avoided if 
possible resulting in better graft survival of both deceased and living donor kidneys.

In this study we were unable to identify a relation between the MFI value of the DSA and the risk 
for ABMR or graft loss. Other groups did found a significant relation between a high MFI value and the 
risk for ABMR in recipients receiving a deceased donor kidney.28,29  However, these studies included a 
significant percentage of patients with either a historical or current positive CDC and all patients, including 
the patients considered to be in the low risk-low MFI group, were receiving T cell depletion with a DSA 
lowering strategy (plasmapheresis or immunoabsorption).

The relative contribution of TCMR to graft loss was almost absent beyond 5 years after 
transplantation. These findings are in line with several reports identifying ABMR as a major cause of late 
graft loss30-32.  

A limitation of our study is the lack of information on newly formed DSA after transplantation. Also 
within the period of transplantation few patients received induction therapy and the data are therefore 
difficult to extrapolate to the current practice. However, this also offers an advantage as our findings are 
not obscured or biased by the use of different regimes of induction therapy. Clearly, within the current 
era of transplantation the potential deleterious effect of DSA are recognized and a recipient preferably 
does not receive a kidney in the presence of DSA or receives an intensified induction therapy with at least 
T cell depletion. However, our data also indicate that the majority of patients with pretransplant DSA do 
not have an increased risk for ABMR-related graft loss.

Nevertheless, kidney transplantation  in the presence of DSA should be avoided if possible. The 
increased risk for early graft loss, particularly in case of a deceased donor kidney, should be balanced 
against a possible substantial increase in waiting time.  

Another limitation is that during the study period the clinical practice of taking a diagnostic renal 
biopsy, the definition of humoral rejection and treatment schedules all have changed. These changes 
could not be adequately accounted for and therefore their effect on the results of our study are 
essentially unknown.

In conclusion, the presence of pretransplant DSA increases the risk for ABMR and graft loss but is 
not associated with a changed incidence of TCMR. These findings are important for risk stratification of 
patients awaiting a donor kidney and the use of desensitization protocols.
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A B S T R A C T

Chronic-active antibody mediated rejection (c-aABMR) is defined as histological evidence of chronic 
endothelial injury (cg), also known as transplant glomerulopathy, and either microvascular inflammation 
(MVI) or positivity for C4d. Importantly, the presence of donor specific antibodies (DSA) is currently still 
mandatory for the diagnosis of c-aABMR. This retrospective study of 41 c-aABMR patients investigates 
whether cases suspicious for c-aABMR (DSA negative, n=24) differ from cases of c-aABMR (DSA positive, 
n=17) with respect to renal histology, allograft function and long-term graft survival. All included patients 
had progressive loss of allograft function and were diagnosed by for cause biopsy and scored according 
to the Banff ’15 criteria.

In all DSApos cases, DSA were de novo and the majority was directed against HLA-II being mostly 
anti-HLA-DQ antibodies. There were no statistically significant differences in clinical characteristics, 
decline in allograft function and renal allograft survival in cases with or without DSAs. All cases showed 
chronic histomorphological damage and inflammation, irrespective of the presence of DSA. Renal 
histology and clinical outcome of patients suspicious for c-aABMR (DSAneg) do not significantly differ 
from patients with a diagnosis of c-aABMR (DSApos). We believe that our study adds to the ongoing 
debate regarding the need for DSAs to be present for the diagnosis of c-aABMR. 
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I N T R O D U C T I O N

Chronic active antibody mediated rejection (c-aABMR) is currently defined by the Banff classification by 
1. histologic evidence of chronic tissue injury, 2. evidence of current or recent antibody interaction with 
vascular endothelium, and 3. serologic evidence of donor-specific antibodies (DSA)1-7. In the clinical setting 
however, it is not uncommon for these diagnostic criteria to appear as an incomplete combination. This 
is largely due to the requirement of DSA positivity as DSA cannot be detected in a substantial number 
of patients8-10. 

Cases in which renal histology shows chronic endothelial activation as evidenced by glomerular 
basement membrane duplication, known as transplant glomerulopathy (TG), and C4d positive staining 
and/or significant microvascular inflammation (MVI) with no detectable DSA are considered suspicious 
for c-aABMR 9,11-13. This diagnosis leaves clinicians uncertain about the accuracy of the diagnosis and 
treatment options for these DSA negative cases, as previously reported by Halloran et al14. Furthermore, 
those cases classified as suspicious for c-aABMR are frequently excluded from clinical trials, resulting in 
scarce data about the clinical significance of DSA seropositivity15-18.

In this study, we investigated whether allograft outcome and renal histomorphology differed 
between cases suspicious for c-aABMR (DSAneg) and cases with c-a-ABMR (DSApos). 
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Study population.
We retrospectively included all patients with the histomorphological diagnosis of chronic active antibody 
mediated rejection upon for cause biopsy which was performed after a progressive decline in renal 
allograft function. Patients were identified from the pathology database at our center between January 
2007 and November 2014. 

Patients were excluded if the biopsy was within the first year post transplantation (inaccurate 
information about renal allograft function) or the requirement of a minimum of 5 eGFR measurements 
per year was not met. Patients were divided into 2 groups based on the presence of detectable DSA 
in their serum at time of biopsy. Upon diagnosis, all patients, regardless of DSA status (which was 
unavailable at time of diagnosis), received similar treatment with three doses of 1 gram intravenous 
methylprednisolone (MP) over a 3 day period combined with a single dose of intravenous 
immunoglobulins (IVIG) (1 g/kg body weight) on the second day of treatment. None of the patients had 
plasmapheresis. Renal biopsies were re-evaluated and the individual lesions were scored according 
to the Banff ’15 classification by two independent pathologists7. In case of differences consensus was 
reached. Alternative diagnoses for the histomorphological changes compatible with c-aABMR such as 
hepatitis C virus infection, membranoproliferative glomerulonephritis (MPGN) or (chronic) thrombotic 
microangiopathy (cTMA) were excluded, by immunofluorescence and clinical analysis19-23.C4d was 
evaluated using immunohistochemical staining of 4μm slides of formalin fixed paraffin embedded 
tissue. Immunofluorescent staining was performed with antibodies against IgG, IgM, IgA, C3c, C1q, kappa 
and lambda on snap frozen material according to standard diagnostic procedure in our hospital.

Several individual Banff lesions were combined to asses microvascular inflammation and chronicity 
of the renal parenchyma and vessels. The microvascular inflammation (MVI) score was calculated by 
combining the glomerulitis and peritubular capillaritis score. A MVI score ≥2 was considered moderate 
to severe and a diagnostic criterion for c-aABMR. The chronic inflammation score was calculated as 
(interstitial fibrosis (ci) + tubular atrophy (ct) + total inflammation (ti)) as previously described by Patri 
et al24. 

Renal allograft function.
Change in renal allograft function in time was evaluated by including all estimated glomerular filtration 
rate (eGFR, MDRD) measurements one year prior to diagnosis and one year after diagnosis for both 
patient groups25. A minimum of 5 measurements per year at regular intervals was required to give a 
reliable estimate over time of the decrease in renal allograft function. eGFR measurements influenced 
by antibiotic treatment, i.v. fluids or other potential factors were excluded from the analysis due to 
misleading representation of allograft function. Return to dialysis or re-transplantation was considered 
allograft failure.

Characterization of anti-HLA antibodies.
All patients were transplanted with a CDC negative crossmatch. To determine the definite diagnosis of 
each patient, serum samples at the time of biopsy were re-evaluated and tested for the presence of 
donor-specific antibodies against HLA (DSA). If DSA were found to be present, it was determined whether 
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this concerned de novo DSA. If samples were found to be negative, additional screening was performed 
by analyzing serum samples for DSA in the 2 years prior to diagnosis. 

Patient serum samples were screened for the presence or absence of HLA antibodies using the 
Luminex Screening Assay: Lifecodes Lifescreen Deluxe (LMX) kit, according to the manufacturer’s manual 
(Immunocor Transplant Diagnostics Inc. Stamford, CT, USA). Samples that were considered positive for 
either HLA class I (HLA-A or HLA-B or HLA-C) or HLA class II (HLA-DQ or HLA-DR) antibodies were further 
analyzed with a Luminex Single Antigen assay, using LABscreen HLA class I and class II antigen beads 
(One Lambda Canoga Park, GA, USA).

Statistical analysis.
The characteristics between the DSApos and DSAneg groups were compared using unpaired t test for 
continuous variables, Mann Whitney U test for ordinal variables and Chi-squared or Fisher exact test for 
categorical variables. Similarly, a subgroup analysis between DSAneg C4d+ and DSAneg C4d- patients 
was performed. The histomorphological lesions were analyzed as categorical variables with medians 
and range to provide accurate information on the variety of lesions. Allograft survival, was assessed 
using censored Kaplan-Meier curves and log rank test. Patient follow-up was a minimum of 12 months 
or until allograft failure. Assessment of changes in renal allograft function over time was performed by 
multilevel analysis26. 

For the analysis of influence of histological characteristics on graft survival, the Banff classification 
was divided into 2 categories. The Banff scores 0 and 1 were considered minimal to mild lesions and 
the scores 2 and 3 were considered moderate to severe lesion with the exception of v-lesions and C4d 
staining which were either positive or negative.

All statistical analysis was performed using the R statistical programming environment and SPSS 
software version 21. A P-value of less than 0.05 was considered to represent a statistically significant 
difference. 
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Patient characteristics.
We identified 24 patients with the diagnosis of suspicious for c-aABMR (DSAneg) and 17 with c-aABMR 
(DSApos). The demographic and clinical characteristics for both groups of patients are summarized in 
table 1. 

Table 1. Demographic and Clinical Characteristics.

DSA 
positive 
(n=17)

DSA 
negative
(n=24) p-value

Age, years 49 51 0.64

Gender, n Female
Male

5
12

10
14 0.52

Donor type, n Post Mortal
Living 

5
12

7
17

0.99

Donor age, years 45 50 0.27

Previous Transplantation, n Yes
No

5
12

12
12

0.19

Time to diagnosis, months 80 75 0.76

Total HLA mismatch, mean 3.1 3.4 0.52

PRA current, mean 2.4 4.0 0.55

PRA historical, median 12.1 22.8 0.29

Previous BPAR, n Yes
No

4
13

7
17

0.74

Proteinuria at biopsy, g/L 2.00 0.99 0.15

eGFR at baseline, ml/min/1.73m2 32 30 0.44

Immunosuppressive regimen
(t=0), n

TAC
CsA
MMF
Prednisone
Other

11
1
16
7
1

21
1
21
6
2

Renal Disease Diabetic Nephropathy
Hypertensive Nephropathy
IgA Nephropathy
Hereditary
Congenital
Other

3
3
1
1
3
6

2
4
0
4
2
12

DSA; Donor Specific Antibody; 
PRA, Panel Reactive Antibody; 
BPAR, biopsy proven acute rejection (incl. borderline changes); 
TAC, tacrolimus; CsA, cyclosporine A; MMF, mycophenolate mofetil
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Baseline characteristics did not differ significantly between the 2 groups. The diagnosis was made 
on average 77 months after transplantation (80 months DSApos vs. 75 months DSAneg, p=0.76). There 
was, a noteworthy difference of almost 1 g/L more proteinuria in the DSApos patients, although this was 
not statistically significant (p=0.15). Of interest, no significant differences were found between DSAneg 
C4d+ and DSAneg C4d- patients (data not shown). 

Anti-HLA antibodies.
Seventeen out of the 41 patients were tested positive for circulating DSA at time of biopsy, these cases are 
included in the c-aABMR (DSApos) group. The vast majority of the circulating DSA detected were directed 
against HLA-DQ (78%) (table 2). Except for one patient who had both HLA-DQ and HLA-A antibodies, all 
other patients only had one specificity of circulating DSA. All circulating DSA were found to be de novo 
DSA. The mean fluorescent intensity (MFI) ranged between 2,336 and 25,588 with an average MFI of 
13,477. 

Table 2. Donor specific antibodies and mean fluorescent intensity (MFI) values.

Number of patients MFI values

DQ1 3   5,691
14,875
19,464

DQ2 5 17,758
18,332
19,016
20,474
20,550

DQ3 1* 24,799

DQ4 2   4,899
20,866

DQ7 3   5,352
11,898
25,588

DP3 1   6,443

A2 1 18,996

A9 1*   2,336 

B60 1   3,745

* Patient was positive for both

To assess whether DSAneg patients might have had circulating DSA present prior to diagnosis, 
available serum samples in the 2 years prior to diagnosis of suspicious for c-aABMR were also analyzed 
for the presence of DSA. A total of 13 out of 24 patients had serum samples available in the 2 years prior 
to diagnosis. For 8 out of 13 patients multiple samples were available for testing. One patient tested 
positive for DSA 1 and 2 years prior to diagnosis, whilst being negative at time of biopsy. The MFI of the 
DSA (anti-HLA DQ6) decreased from 16,599 2 years prior to biopsy proven diagnosis to 8,331 1 year prior 
to biopsy. 
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Histopathological comparison of DSApos and DSAneg cases.
All renal biopsies were re-evaluated and the individual lesions were scored according to the Banff 
2015 classification7. Six patients had an insufficient number of non-sclerotic glomeruli in the biopsy 
to fulfill the criteria for the scoring of individual lesions according to the Banff classification and were 
omitted from analysis. A median of 21 glomeruli (18-32) was available per biopsy for the DSApos group 
of which 13% (5%-20%) was globally sclerotic. For the DSAneg group a median of 13 (10-21) glomeruli 
was available of which 8% (2%-17%) was globally sclerotic. Although the total number of glomeruli was 
significantly different (p=0.02) between the groups, this was not the case for the percentage of global 
glomerulosclerosis (p=0.22). 

All renal transplant biopsies (n=41) had glomerular basement membrane double contours. The 
majority of patients in both DSApos and DSAneg cases had severe (cg3) capillary loop involvement. Three 
patients were diagnosed as a cg1a based on electron microscopic imaging (DSApos n=1; DSAneg n=2). 
Additionally, all biopsies had a MVI score of more than 2. The DSApos and DSAneg cases showed vast 
glomerulitis (g3; 86% versus 95%) in combination with moderate to severe peritubular capillaritis (ptc2-3; 
93% versus 86%). C4d staining was unavailable for 1 patients (DSApos, n=1). Eight patients were positive 
upon C4d staining in the DSApos patients (C4d- n=8; unknown n=1), whereas only 9 out of 24 DSAneg 
patients were positive upon C4d staining (C4d- n=15). There were 4 patients (DSApos n=1; DSAneg n=3) 
with a form of tubulitis (t≥1) in combination with arteritis. An additional 7 patients presented with isolated 
v-lesions (DSApos n=4; DSAneg n=3).    

A comparison between the histomorphological characteristics of the DSApos and DSAneg cases 
showed no significant differences in the individual Banff lesions score (table 3). Neither was there a 
difference in histomorphology between DSAneg C4d+ and DSAneg C4d- patients.

Both the DSApos and DSAneg cases showed a substantial “chronic inflammation score” of 5 (1-8) 
and 6(1-9), respectively. Furthermore, there were considerable presence of MVI . The groups showed no 
significant differences in the “chronic inflammation score” or MVI (table 4)24. 

Renal allograft function.
All patients had a progressive decline in renal allograft function at the time of renal biopsy. The average 
eGFR at baseline, approx. 31 ml/min/1.732, was similar in both patient groups (p=0.44). The DSAneg cases 
showed a slightly larger average decrease in allograft function of -11.2 (-5.8 to -16.7) ml/min/1.73m2/
year before diagnosis compared to the DSApos cases who showed a decline of -8.9 (-7.0 to -10.8) ml/
min/1.73m2/year (p=0.06). After diagnosis and treatment with IVIG/MP both groups showed a more 
mitigated loss of allograft function than before diagnosis (p<0.001). The response to treatment was 
similar regardless of DSA status (change in renal allograft loss: DSAneg: -5.5 ml/min/1.73m2/year 
versus DSApos: -5.4 ml/min/1.73m2/year (p=0.93)(fig. 1). Similarly there was no significant difference in 
response to therapy upon comparison of DSAneg C4d+ and DSAneg C4d- patients.

There was no significant difference (log rank; p=0.93) in overall graft survival between DSApos and 
DSAneg cases (12,2 vs 13 years, respectively) (fig. 2). In addition, there was no significant difference in 
survival after diagnosis with an average survival of 4.6 years in the DSApos cases versus 3.7 years in the 
DSAneg cases (log rank; p=0.58) (fig. 3). 

A decrease in graft survival was seen in all cases with high tubular atrophy, interstitial fibrosis and 
total inflammation (log rank; p=0.033 for ct 2-3 versus 0-1; p=0.002 for ci 2-3 versus 0-1; p=0.025 for ti 
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2-3 versus 0-1) (fig. 4a-c). It is not possible to show a correlation between cg score and graft survival. As 
stated previously, only 3 out 41 patients were diagnosed as cg1a based on electron microscopic imaging. 
The remaining patients had a cg score of at least 2.  Finally, the presence or absence of C4d did not 
associate with a difference in graft survival (log rank; p=0.44) (fig. 4d). 

Table 3. Histomorphological lesions according to the Banff ’15 criteria of DSApos and DSAneg cases.

DSA 
positive 
(n=14)

DSA 
negative
 (n=21) p-value

Total glomeruli (n, IQR) 21 (18-32) 13 (10-21) 0.02

Global glomerulosclerosis (%, IQR) 13 (5-20) 8 (2-17) 0.22

Interstitial inflammation (range) 2 (0-3) 2 (0-3) 0.80

Tubulitis (range) 0 (0-3) 0 (0-1) 0.78

Arterial inflammation (range) 0 (0-2) 0 (0-2) 0.58

Glomerulitis (range) 3 (1-3) 3 (2-3) 0.63

Peritubular capillaritis (range) 3 (0-3) 2 (0-3) 0.80

Total inflammation (range) 2 (0-3) 3 (0-3) 0.58

Interstitial fibrosis (range) 1 (0-3) 2 (0-3) 0.45

Tubular atrophy (range) 1 (1-3) 1 (0-3) 0.78

Arterial intimal thickening (range) 2 (0-3) 3 (0-3) 0.73

Transplant glomerulopathy (range) 3 (1-3) 3 (1-3) 0.78

Arterial hyalinosis (range) 2 (0-3) 3 (0-3) 0.80

Mesangial matrix (range) 3 (0-3) 3 (0-3) 0.80

C4d peritubular capillaries (range) 0 (0-3) 0 (0-3) 0.39

Table 4. Chronic histomorphological lesions.

DSA 
positive
(n=14)

DSA 
negative 
(n=21) p-value

Microvascular inflammation score
(g+ptc) (range) 5 (3-6) 5 (3-6) 0.80

Chronic Inflammation score
(ci+ct+ti) (range) 5 (1-8) 6 (1-9) 0.58
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Figure 1. Allograft function of both DSApos and DSAneg patients in the year prior to and the year after c-aABMR diagnosis. Change in 
renal allograft loss: DSAneg: -5.5 ml/min/1.73m2/year versus DSApos: -5.4 ml/min/1.73m2/year (p=0.93). 

Figure 2. Overall graft survival for DSApos versus DSAneg cases.

Figure 3. Graft survival after c-aABMR diagnosis for DSApos versus DSAneg cases.
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Figure 4. Histomorphological lesions (a. tubular atrophy, b. interstitial fibrosis, c. total inflammation and d. C4d in the peritubular 
capillaries) associated with graft survival. 
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D I S C U S S I O N
The contribution of donor specific antibodies to the diagnosis of c-aABMR has become an important topic 
of discussion10,27. The Banff ’15 criteria do not allow for the classifying diagnosis of c-aABMR if there are 
no DSA present. Instead, these cases are diagnosed as suspicious for c-aABMR. Therefor the significance 
of DSA and their contribution to the loss of allograft function and relation to renal histomorphology have 
not yet been fully explored. We found that there are no histological or clinical differences between cases 
with c-aABMR and cases suspicious for c-aABMR.

Most studies have used transplant glomerulopathy (with or without DSA) as the histopathological 
diagnosis and have not described the level of microvascular inflammation and chronic tissue damage 
between cases with or without DSAs. However, in order to comprehend the possible effect of DSAs in the 
setting of c-aABMR, DSAs must be evaluated in the context of the Banff ’15 classification. 

In this study, we report of 17 cases of c-aABMR and 24 cases suspicious for c-aABMR. In the 
c-aABMR group all DSA were de novo and the vast majority of the circulating DSA detected were directed 
against HLA-DQ (78%). These findings are in line with previous publications showing a range of 20-80% 
DSA positivity in TG cases with de novo anti-HLA-DQ antibodies most frequently found13,24,28,29. 

The presence of DSA was not associated with a difference in response to therapy or graft survival. 
The latter finding is in accordance with previous studies that did not show a significant impact of DSA 
on renal allograft survival in transplant patients with evidence for antibody–mediated rejection either 
acute or chronic14,15,18,24. In addition, remarkably similar clinical characteristics and no differences in the 
renal allograft histomorphology were observed between the DSApos and DSAneg cases. Irrespective 
of DSA status, there was substantial chronic histomorphological damage as manifested by glomerular 
basement membrane double contours, chronic inflammation in addition to microvascular inflammation.

Chronic histological damage has previously been identified as one of the most important attributing 
factors to kidney allograft loss irrespective of diagnosis28,30. Patri et al. have previously shown that a 
chronic inflammation score, combining interstitial fibrosis, tubular atrophy and total inflammation is 
associated with long term graft survival in patients with transplant glomerulopathy24. We too have found 
that, regardless of DSA status, cases with moderate to severe interstitial fibrosis, tubular atrophy and 
total inflammation showed significantly worse allograft survival. 

The absence of detectable DSA should not discard the involvement of an antibody mediated process8,13. 
The evolving knowledge regarding DSA in combination with the complexity of HLA antibody assessment 
should prompt cautious interpretation and diagnostic decisions based on DSA in a chronic-active antibody 
mediated rejection process27,31,32. Both the current (in-)ability to detect non-HLA antibodies and the 
possible fixing of DSA to the kidney transplant should be taken into consideration when testing negative 
for DSA. The relative importance of the latter explanation is not unequivocal as a study showed that a 
similar percentage of DSA positivity was found in both eluates of renal allografts and serum samples of 
renal transplant patients33. Furthermore, the moment of DSA assessment is of significant importance 
due to the possible transient nature of (detectable) DSA11,27. With the clinical manifestation often lagging 
behind the histomorphological changes and the fluctuation in DSA positivity, DSA testing might lead to a 
false negative result when tested at a single moment in time. We searched for this possibility, however 
only one patient was found to be DSA negative at time of biopsy but DSA positive 1 and 2 years prior to 
biopsy. 
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Similar evidence has previously been provided for the fluctuating nature of C4d positive staining 
which has led to the development of the C4d-negative category of ABMR4,27. Now, in addition to C4d 
positive staining, a MVI score ≥2 is regarded as evidence of current or recent antibody interaction with 
the vascular endothelium. Gupta et al. demonstrated a strong association between pathogenesis-based 
transcript sets related to ABMR and a MVI score ≥234. These changes in the Banff diagnostic criteria gave 
newfound importance to microvascular inflammation in the diagnosis of ABMR. Halloran et al. recently 
provided supporting evidence for the importance of microcirculation lesions, rather than DSA, in the 
classification of ABMR cases. The progression to kidney failure in the patients was independent of DSA 
status and TG lesions in combination with MVI were molecularly confirmed as ABMR cases even when 
DSA was not detected via current methods14. 

This study has some obvious limitations. As it is of retrospective nature it allows for unknown bias and 
includes a selection of patients with (suspicious for) c-aABMR related to progressive loss of allograft 
function. Our data describes a patient group that has had a for cause biopsy due to a progressive decline 
in renal allograft function over a period of at least 12 months. The severity in capillary loop alterations 
might differ from a population of c-aABMR patients diagnosed based on a protocol biopsy without 
clinical observable graft deterioration. This difference may explain why the vast majority of our patients 
has severe glomerular basement membrane double contours (cg3). Notably, this bias is not related to 
the presence of DSA as this information was unavailable for both clinician and pathologist at time of 
diagnosis. 

Secondly, it includes a relatively small sample size. The study does however, in comparison to 
previous studies, contain complete and detailed information regarding the presence of circulating DSA 
presence at time of biopsy. Unfortunately, this information does not include data on non-HLA antibodies. 
Furthermore, it includes a histologically well-defined, homogenous group of patients with (suspicious 
for) c-aABMR. Additionally, all patients have undergone a standardized treatment regimen irrespective 
of DSA status allowing for accurate comparison of both clinical and histological data.

For the current study we have chosen to use the previous Banff classification (2015), as this 
classification allows for the use of the Banff category 2 ‘suspicious for’ c-aABMR. The use of the most 
updated version of the Banff classification (2017) would have led to the exclusion of a total of 15 patients 
as they would not meet the updated criteria for c-aABMR35. Due to the current alterations a significant 
group of our patients (n=15), both DSA- and C4d-, are left undiagnosed and would have been excluded 
from further analysis. Interestingly, our findings suggest that patients with a biopsy classified as 
“suspicious” for c-aABMR according to the Banff 2015 classification also represent c-aABMR. We believe 
that including these cases in the current study illustrates that C4d and DSA are not necessary in the 
diagnosis of c-aABMR and subsequent graft outcome when cg and MVI are present.

In conclusion, we show that renal histology and clinical outcome of patients with c-aABMR do not 
significantly differ from patients suspicious for c-aABMR. We believe that the data we presented adds 
to the growing body of evidence that the presence of DSA is not a conditio sine qua non to establish the 
diagnosis of c-aABMR when other criteria indicative of chronic tissue injury and current/recent antibody 
interaction with vascular endothelium are met.
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A B S T R A C T

Background. Chronic active antibody mediated rejection (c-aABMR) is a major cause of long-term kidney 
allograft loss. It is hypothesized that frequent sub-therapeutic exposure to immunosuppressive drugs, in 
particular tacrolimus (Tac), is a risk factor for the development of c-aABMR. The intra-patient variability 
(IPV) in Tac exposure may serve as a substitute biomarker for underexposure and/or non-adherence. In 
this study, the association between Tac IPV and the development of c-aABMR was investigated.
Methods. We retrospectively included 59 patients diagnosed with c-aABMR and compared them to 
189 control patients matched for age, year of transplantation and type of kidney donor. The Tac IPV 
was calculated from pre-dose tacrolimus concentrations measured over a 3 year period preceding the 
diagnosis of c-aABMR. The mean Tac predose concentrations (C0), Tac IPV, renal allograft function and 
graft survival were compared between the groups.  
Results. Tac IPV was 24.4% for the cases versus 23.6% for the controls (p=0.47). The mean Tac C0 was 
comparable for the cases (5.8 ng/mL) and control patients (6.1 ng/mL, p=0.08). Only in the c-aABMR 
group a significant decline in both mean Tac C0 and allograft function over the timespan of 3 years was 
observed (p=0.03 and p<0.001). Additionally, in the group of c-aABMR patients a high IPV was associated 
with inferior graft survival (p=0.03). 
Conclusions. A high Tac IPV per se does not predispose to the development of c-aABMR but is associated 
with inferior graft survival once c-aABMR is diagnosed.  
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I N T R O D U C T I O N

Despite a significant improvement in short-term kidney allograft survival in the past decade, long-term 
kidney allograft survival has remained relatively unchanged1. Chronic active antibody mediated rejection 
(c-aABMR) contributes substantially to these disappointing long-term transplantation outcomes2,3. 
c-aABMR is believed to be the result of recurrent endothelial activation by pre-existing or de novo 
anti-HLA antibodies leading to numerous pathological abnormalities4,5. It has been hypothesized that 
the development of c-aABMR is partially attributable to poor adherence or inadequate maintenance 
immunosuppression3,6. 

In most centers, tacrolimus (Tac) is the cornerstone of the maintenance immunosuppressive 
regimen after renal transplantation7. Tac is a drug that requires frequent predose concentration monitoring 
to maintain therapeutic exposure8. It has a narrow therapeutic window and displays considerable 
intra-patient variability (IPV). The Tac IPV is defined as the fluctuation in Tac concentrations within an 
individual patient over a certain period of time9. These fluctuations in Tac exposure may result in periodic 
excessive or insufficient exposure, possibly leading to (nephro)toxicity or acute rejection. Many studies 
have reported an association between a high Tac IPV and inferior graft outcomes10. Patients with more 
variability in Tac exposure were more likely to develop donor-specific anti-HLA antibodies, lose their 
grafts and develop chronic histological lesions3,11-17. In these studies, allograft failure was often defined 
as a composite endpoint which included the diagnosis of c-aABMR3,6,11,12,15,18. However, the association 
between Tac IPV and the development of c-aABMR has never been analyzed separately. In this study, 
the association between Tac IPV and the risk of c-aABMR was investigated. 
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Study population.
For this retrospective case-control study, all kidney transplant recipients transplanted in our center 
between 2000 and 2013 were eligible. The main inclusion criteria was the use of Tac as maintenance 
immunosuppression for both cases and controls. The year 2000 was chosen because then Tac became 
the CNI of choice in our center. 

The standard immunosuppressive regimen did not include induction therapy before the year 
2006-2007. Thereafter, patients received induction therapy with basiliximab and were set on a triple 
immunosuppressive regimen consisting of tacrolimus, mycophenolate mofetil and prednisolone after 
transplantation. In the first year after transplantation prednisolone was slowly tapered to 0 after 3 
months. As per local protocol, the administration of Tac was slowly tapered after the first 6 months and 
Tac C0 were aimed at levels between 5-7 ng/ml. There were no other inclusion criteria regarding the use 
of other (maintenance) immunosuppressive drugs. This retrospective study was reviewed and approved 
by the Institutional Ethics Committee from the Erasmus MC, Rotterdam, The Netherlands. Due to the 
retrospective nature of the study no informed consent was needed.  

Patients diagnosed with histologically-proven (suspicious) c-aABMR were defined as cases. The cases 
were selected from the pathology database at our center and were diagnosed after a for-cause biopsy. 
The diagnosis of c-aABMR was made at time of biopsy by an experienced renal pathologist based on 
the current Banff classification19-21. Patients were excluded if insufficient data was available (see data 
collection).

As a control group we selected kidney transplant recipients that showed no evidence of c-aABMR. 
All patients in the control group have had no clinical suspicion of c-aABMR until point of inclusion. 
Additionally, if present, all previous biopsy results have been screened for signs of (suspicious) c-aABMR. 
Controls were matched for age, year of transplantation, type of kidney donor (deceased versus living) 
and a minimal graft survival which resembled the cases’ time to c-aABMR diagnosis. The matching 
process was performed by coding all patients, both cases and controls, for the aforementioned factors. 
By means of an algorithm patients were found to be a positive match if all 4 factors were alike. The 
matches were selected from the transplantation database of our center. For every single c-aABMR case 
all possible matches were included. 

Data collection.
Demographic and baseline transplantation characteristics were collected for all patients. These 
characteristics were retrieved from the local transplantation database and complete for more than 90%. 
In addition, data on absolute (i.e. nondose-corrected) tacrolimus whole-blood, pre-dose concentrations 
were collected. Only Tac C0 measured after month 6 after transplantation were included, to allow for 
stabilization of drug dosing11,12. Furthermore, only Tac C0 sampled during outpatient clinic visits were 
included to minimize bias from measurements made during hospitalization. 

Tac C0 were collected over a period of 3 years. A minimum of 8 out-patient clinical measurements 
of Tac C0 over a minimal time period of 2 years was necessary per individual for an adequate calculation 
of Tac IPV. 
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The mean Tac C0  exposure over the 3 years was calculated as well as the Tac C0 exposure per year. 
The Tac IPV of the cases was calculated in the 3 year time period prior to c-aABMR diagnosis (endpoint, 
t0). The IPV of the controls was calculated over a similar time period, dependent on the matched cases’ 
time to endpoint (t0). The Tac IPV of interest for each patient was calculated as follows:
 

{[(Xmean – X1) + (Xmean – X2) … + (Xmean – Xn)] ÷  n} ÷ Xmean x 100

Formula 1. Formula used for calculating the intra-patient variability often also referred to as mean absolute deviation 
(MAD)9,11. Xmean is the mean Tac C0 of all available samples in the 3 years prior to c-aABMR diagnosis. X1 represents the 
first available Tac C0 measurement, X2 the second…, and so on.  

Furthermore, estimated glomerular filtration rate (eGFR, MDRD) measurements were collected at routine 
out-patient clinic controls22. Data was collected at the time of endpoint (t0) and 1 (t-1), 2 (t-2), and 3 (t-3) years 
prior to the histological diagnosis of c-aABMR (or matched controls endpoint). Data on allograft function 
was complete up to 90%. 

Outcome.
The association between Tac IPV and the development of c-aABMR was the primary outcome of interest. 
Secondary outcomes were allograft function, the mean Tac C0 exposure and its change over time for 
both the cases and controls. Additionally, the change in mean Tac C0 exposure per year and its relation 
to allograft function was assessed. Potential confounders such as age, sex, time to diagnosis and type of 
transplantation were analyzed as possible contributing factors to high Tac IPV in patients with c-aABMR.
Statistical analysis

The baseline characteristics of both cases and controls are reported using summary statistics 
and frequency tables for continuous and categorical variables. Differences between cases and controls 
were analyzed by the Chi-square test for categorical variables and with independent and paired sample 
t-test test for continuous variables, as appropriate. Additionally,  several clinical characteristics such 
as age, gender, type of transplantation, mismatch and time to c-aABMR diagnosis were analyzed for 
association with Tac IPV in the c-aABMR cases. The groups were divided based on the characteristic and 
IPV percentages were compared by means of independent sample t-test. Linear regression was used to 
examine the correlation between allograft function and mean Tac C0. Overall graft survival was assessed 
by Kaplan-Meier survival analysis with log-rank statistics for difference. The software IBM SPSS statistics 
21 was used to perform the statistical analysis. Variables were considered statistically significant with a 
two-tailed P-value of <0.05.
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Patient characteristics.
Two hundred and forty-eight renal transplant patients were identified for this study and included for 
analysis. Fifty-nine patients were considered cases and the remaining 189 were matched controls. The 
characteristics of cases and controls are displayed in Table 1. The median time from kidney transplantation 
to c-aABMR diagnosis (t0, endpoint) was 6.1 (IQR 3.5-8.3) years. The follow-up for both cases and controls 
was 3 years. Matching was achieved successfully as there were no differences between cases and 
controls with regard to  age at transplantation, donor type and year of transplantation. More importantly, 
no statistically significant differences were found in mean eGFR (48 ml/min/1.73m2 cases vs. 50 ml/
min/1.73m2 controls, p=0.55) and mean Tac C0 (6.1 ng/ml vs. 6.1 ng/ml, p=0.98) at starting point (t-3) which 
was 3 years prior to c-aABMR diagnosis or matched controls endpoint. There was however a significant 
difference in gender with significantly more male patients in the c-aABMR cases. 

Tacrolimus intra-patient variability and mean tacrolimus predose concentrations.
For the calculation of Tac IPV on average 17 (8-33) Tac C0 measurements were available for the cases 
and 15 (8-44) measurements for the controls. The number of available Tac C0 measurements was 
significantly higher for the cases (p=0.01). This slight but significant difference could be explained by the 
increased number of out-patient clinic visits (related to impairment of renal function or the appearance 
of proteinuria) prior to the for-cause biopsy, in the cases. 

The mean Tac IPV was 24.4% (range: 12.0%-48.3%) in the cases and 23.6% (range: 9.7%-46.3%) in 
the controls and showed no statistically significant difference (p=0.47). We were unable to identify any 
specific clinical characteristics, such as age, gender, type of transplantation (living or deceased) and time 
to c-aABMR diagnosis to be associated with a significant difference in IPV (Table 2).  
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Table 1. Demographic and Clinical Characteristics.

Cases (n=59) Controls (n=189) p-value

Age, years, mean (sd) 49 (±13) 52 (±13) 0.23

Gender, n (%) Female
Male

21 (36)
38 (64)

39 (21)
150 (79)

0.02

Donor type, n (%) Deceased donor
Living donor

19 (32)
40 (68)

41 (22)
148 (78)

0.10

Donor age, years, mean (sd) 51 (±12) 51 (±13) 0.71

Previous Transplantation, n (%) Yes
No

12 (20)
47 (80)

24 (13)
165 (87)

0.15

Time of Transplantation, year 2000-2012 2000-2012

Time to diagnosis, years, median (IQR) 6.1 (3.5-8.3) -

Total HLA mismatch,  median (IQR) 3 (2-5) 3 (3-5) 0.70

PRAa current, mean (range) 1.5 (0-8) 3.2 (0-96) 0.44

PRA peak, mean (range) 9.5 (0-62) 6.6 (0-80) 0.49

Previous BPARb, n (%) Yes
No

15 (25)
44 (75)

36 (19)
153 (81)

0.30

eGFR at t-3, ml/min/1.73m2, mean (sd) 48 (±12) 50 (±15) 0.55

Trough-level at t-3, ng/mL, mean (sd) 6.1 (±1.9) 6.1 (±1.7) 0.98

C0 measurements, n, mean (range) 17 (8-33) 15 (8-44) 0.01

Primary kidney disease, n (%) Diabetic Nephropathy
Hypertensive Nephropathy
IgA Nephropathy
Polycystic Kidney Disease
FSGSc

Obstructive Nephropathy
Unknown
Other

8 (13.6)
10 (16.9)
3 (5.1)
10 (16.9)
3 (5.1)
1 (1.7)
3 (5.1)
21 (35.6)

36 (19)
44 (23.3)
12 (6.3)
24 (12.7)
8 (4.2)
7 (3.7)
11 (5.8)
47 (25)

a PRA, Panel Reactive Antibody; 
b BPAR, biopsy proven acute rejection (incl. borderline changes); 
c FSGS, Focal Segmental Glomerulosclerosis

Similarly, there was no significant difference in mean Tac C0 over the total 3 year period (t-3-t0). The cases 
had a mean Tac C0 of 5.8 ng/mL [range: 3.3 ng/mL-8.5 ng/mL] versus a mean Tac C0 of 6.1 ng/mL [range: 
3.6 ng/mL-10.0 ng/mL] for the controls (p=0.08). 

There was however a significantly declining trend noted in mean Tac C0 during the 3 years 
preceding the diagnosis of c-aABMR among cases but not controls (Fig. 1) (p=0.02 for cases versus 
p=0.18 for controls). When mean Tac C0 was analyzed per year, patients who developed c-aABMR had 
a mean Tac C0 of 6.1 ng/mL between t-3-t-2, which fell to 5.8 (t-2-t-1) and 5.4 ng/mL (t-1-t-0) in the years 
thereafter. Controls had a similar mean Tac C0 to the cases between t-3-t-2 (6.1 ng/mL; p=0.98) which in the 
years thereafter showed no decline (6.3 ng/mL (t-2-t-1) and 5.9 ng/mL (t-1-t-0)). The difference in mean Tac 
C0 in the year prior to endpoint (t-1-t-0) between the cases and controls was significant at a P-value of 0.03.
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Table 2. Clinical characteristics associated with IPV in c-aABMR cases.

Clinical characteristic Tac IPV, %, mean (sd) p-value

Age <50yrs (n=29)
>50yrs (n=30)

22.8% (±7.4)
25.9% (±7.4)

0.12

Gender Male (n=38)
Female (n=21)

24.9% (±7.7)
23.5% (±7.2)

0.51

Type of transplantation PM (n=19)
Living (n=40)

24.4% (±5.9)
24.4% (±8.2)

0.99

Mismatch Mismatch<3 (n=31)
Mismatch>3 (n=26)

24.1% (±7.1)
24.8% (±8.3)

0.72

Time to c-aABMR <2250 days (n=30)
>2250 days (n=29)

25.4% (±7.3)
23.3% (±7.7)

0.28

Figure 1. The tacrolimus (Tac) predose concentrations (C0) spread over the 3 years prior to c-aABMR diagnosis/matched controls 
endpoints (t0) for both c-aABMR patients (cases) and controls. Tac C0 (t-3-t-2) was 6.1 (±1.94) ng/mL for both cases and controls. Tac C0 
(t-2-t-1) was 5.8 (±1.59) ng/mL for the cases and 6.3 (±1.60) ng/mL for the controls. Tac C0 (t-1-t-0) was 5.4 (±1.43) ng/mL for the cases and 
5.9 (±1.47) ng/mL for the controls.

Allograft function.
Cases and controls showed a similar allograft function at start of analysis (t-3) of 48 ml/min/1.73m2 and 
50 ml/min/1.73m2, respectively (p=0.55). In the following years the cases had a substantial decline in 
allograft function. The average eGFR of the cases deteriorated from 48 ml/min/1.73m2 3 years before 
the diagnosis of c-aABMR to 45 (t-2), 42 (t-1), and 32 ml/min/1.73m2 (t0; Fig. 2). The controls on the other 
hand had a stable decline in allograft function of only 1 ml/min/1.73m2 per year. The average eGFR of the 
controls decreased from 50 (t-3) to 49 (t-2), to 48 (t-1), and to 47 ml/min/1.73m2 (t0; Fig. 2). The allograft 
function of cases and controls did not differ significantly in the first 2 years of follow up (p=0.55 at t-3 and 
p=0.07 at t-2). However, in the 2 years thereafter the cases had a significantly inferior allograft function 
compared to the controls (p=0.005 at t-1 and p<0.001 at t0).
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Figure 2. Allograft function of both patients with c-aABMR (cases) and controls. *t-3, p=0.55; **t0, p<0.001. 

Linear regression analysis showed a positive association between increasing Tac C0 and a better allograft 
function (by 10 ml/min/1.73m2, β: 0.30; CI: 0.10, 0.49; P =0.003, Fig. 3). This correlation was not present 
for the controls (p=0.49). 

Figure 3. Association between tacrolimus (Tac) predose concentrations (C0) and allograft function for the c-aABMR patients (cases).

Allograft Survival.
To assess the association of intra-patient variability and Tac C0 with overall graft survival, the patients 
were divided dichotomously based on the cohort’s mean IPV and C0. The average IPV of the low IPV 
group (≤24%) was 18.5% and 30.4% for the high IPV group (>24%). Notably, a high IPV was significantly 
associated with inferior graft survival (13.3 years for ≤24% IPV vs. 11.2 for >24% IPV; log rank, p=0.03)
(Fig. 4A). However, this association was only present for the cases. The cases with a low IPV showed an 
average survival of 13.1 years compared to only 9.9 years in cases with a high IPV (log rank, p=0.04; Fig. 
4B). The controls had a survival of 13.4 years (≤24% IPV) versus 11.6 years (>24%)(log rank, p=0.31).

A similar analysis based on below or above average Tac C0 did not show any differences for either 
the case or control group (12.7 years for ≤5.9 ng/mL vs. 12.2 years; log rank, p=0.66)(Fig. 5). 
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Figure  4. Allograft survival; (A) allograft survival based on ≤24% tacrolimus (Tac) intra-patient variability (IPV) vs. >24% Tac IPV of cases 
and controls combined, (B) Allograft survival of c-aABMR cases based on ≤24% Tac IPV vs. >24%.  

Figure 5. Allograft survival based on tacrolimus (Tac) predose concentrations (C0) ≤5.9 ng/mL vs. >5.9 ng/mL of c-aABMR patients 
(cases) and controls combined.

A

B
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D I S C U S S I O N

In this retrospective case-control study we tested the hypothesis that a high IPV of  tacrolimus predose 
concentrations is associated with a higher risk for developing chronic-active antibody mediated rejection 
of the kidney allograft. However, we found that in cases with c-aABMR the IPV for tacrolimus in the years 
prior to the diagnoses was similar to the IPV of matched controls.

Fluctuations in Tac C0 are very common in the first weeks or months after transplantation due to 
numerous causes such as drug-drug interactions, tapering of corticosteroid doses and/or changes in 
gastro-intestinal motility. Typically however, after a couple of weeks or months patients reach a more 
stable situation as the inter-occasion variability decreases. The differences in Tac C0 tend to get smaller 
over time. Fluctuations in Tac C0 in the maintenance phase after transplantation may therefor represent 
suboptimal patient-adherence. The calculated intra-patient variability of Tac C0 is considered a surrogate 
marker for non-adherence9,10,23. 

There are however several methods for the calculation of the fluctuation in Tac C0. One of which is 
the variance (σ2). The variance is used for the quantification of the intrapatient variability by showing the 
data distribution around the mean13,15. Another useful method to determine the Tac IPV is by calculating 
the coefficient of variation (CV) 13,24-28. The CV assesses the degree of variation of Tac C0 measurements. 
We however, have chosen to use the mean absolute deviation (MAD) as a statistical measure for Tac IPV. 
Although the calculation of Tac IPV by means of MAD or CV are quite similar, the MAD is less susceptible 
to outliers. This is because the CV uses the squared deviation from the mean, whereas the MAD uses the 
absolute deviation9,11.

However, as stated above, the time period over which Tac C0 are collected, is of  greater importance 
and should be taken into account when interpreting Tac IPV data. And even though a great variation 
has been reported in literature, on average Tac IPV is between 15% and 30% which is in line with our 
findings11,13,24-28.

Borra et al. were the first to establish an association between high intra-patient variability in Tac 
C0 and the increased risk of developing graft loss11. Similar results have been published since12-15,29-31. 
However, no evidence has been provided for a link between suboptimal Tac patient-adherence in the 
years after transplantation and the risk for late antibody mediated rejection of the renal allograft. 

The current studies tend to rely on broad composite end-points consisting of a range of diagnoses such 
as late acute rejection, transplant glomerulopathy, graft failure and/or death with function11-15. It can be 
expected that considerably different results may be obtained once the composite endpoint is modified, 
as previously shown by the extension study of Borra et al122. They demonstrated a substantially smaller 
effect size of Tac IPV on long-term allograft outcomes after adjustment of the composite endpoint. 
Furthermore a majority of these studies focus on IPV over a brief time span in the first year after 
transplantation while chronic humoral rejection is usually diagnosed at an average of 4-6 years after 
transplantation. 

The remainder of studies on this subject define non-adherence as self-reported drug-
noncompliance, clinical suspicions by the attending physician and/or repeated nonattendance at clinic 
visits or laboratory testing3,14. This information is usually not present in most medical records except 
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when the graft outcome was unfavorable which may create a biased interpretation of the results. 
In this study, IPV in cases and matched controls was similar and could therefore not support the 

hypothesis that a high IPV is associated with an increased risk for the development of chronic active 
antibody mediated rejection. These findings are in line with previous results published by Halloran et 
al. where nonadherence was not significantly associated with late chronic active antibody mediated 
rejection32. Similarly, Vanhove et al. observed that high IPV of Tac predicted chronic allograft damage 
such as tubular atrophy and severe fibrosis but not inflammation or transplant glomerulopathy lesions16.  

Although cases and controls in our study had similar Tac C0 and renal function at starting point, the 
cases showed a significantly declining trend in both Tac C0 and renal function compared to the controls. 
The controls had a mean Tac C0 which varied around 6 ng/mL whereas the cases showed a gradual 
decline reaching Tac C0 of 5.4 ng/mL at endpoint. A similar development was visible in renal function 
where the controls showed an average decline in renal function of 1 ml/min/1.73m2 per year while the 
deterioration in graft function of the cases gradually increased to 10 ml/min/1.73m2 in the year prior to 
c-aABMR diagnosis. The decline in Tac C0 was significantly correlated to the decline in renal allograft 
function for the cases. Most likely, these observations reflect the physicians inclination to taper Tac 
dosage after witnessing a decline in allograft function, in an attempt to avoid presumed tacrolimus-
related nephrotoxicity. Unfortunately, the entries made in the medical records were not sufficiently 
informative to support this conclusion with data.     

Of interest is the significant association of an inferior graft survival for the c-aABMR patients with a 
high IPV versus those with a low IPV. This association was not found for the controls. This intriguing 
finding is in line with previous research suggesting poorer graft survival for patients with high IPV’s11-15. 
The explanation can only be speculative but it suggests that not the risk for development of c-aABMR is 
IPV-related but rather the subsequent severity of the ongoing humoral rejection.  Adequate maintenance 
of Tac C0 seems to provide a better control of the chronic antibody mediated rejection which carries in 
general a poor prognosis for graft survival. 

Our study does have several limitations. First, the causes of IPV cannot be determined due to the 
retrospective nature of the study. Even though multiple factors are known to contribute to a high IPV, 
nonadherence is considered a dominant cause10,16.  Secondly, external validation might not be possible 
while it is a single center study and may not reflect the transplant population of other centers and their 
immunosuppressive regimen. However, the Tac C0 were in range with what is considered common 
practice (6.1 ng/mL and 5.8 ng/mL).

In conclusion, we demonstrated that a high intra-patient variability of tacrolimus long-term after 
kidney transplantation is not associated with the occurrence of chronic antibody mediated rejection but 
unfavorably affects graft survival in patients with c-aABMR. 
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A B S T R A C T

Chronic-active antibody mediated rejection (c-aABMR) contributes significantly to late renal allograft 
failure. The antibodies directed against donor-derived antigens, e.g. anti-HLA antibodies, cause 
inflammation at the level of the microvascular endothelium. This is characterized by signs of local 
activation of the complement system and accumulation of immune cells within the capillaries. Non-
invasive biomarkers of c-aABMR are currently not available but could be valuable for early detection. 
We therefore analyzed the activation profiles of circulating T and B cells, NK cells and monocytes in the 
peripheral blood of 25 kidney transplant recipients with c-aABMR and compared them to 25 matched 
recipients to evaluate whether they could serve as a potential biomarker. 

No significant differences were found in the total percentage and distribution of NK cells, B cells 
and T cells between the c-aABMRpos and c-aABMRneg cases. There was however a higher percentage 
of monocytes present in c-aABMRpos cases (p<0.05). Additionally, differences were found in activation 
status of circulating monocytes, NK cells and γδ T cells, mainly concerning the activation marker CD16. 
Although statistically significant, these differences were not sufficient for use as a biomarker of c-aABMR.
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I N T R O D U C T I O N

Chronic-active antibody-mediated rejection (c-aABMR) is a significant long-term complication after 
kidney transplantation. It causes severe graft injury and c-aABMR is now recognized as one of the major 
barriers for long term renal allograft survival1-4. 

The histomorphological lesions of c-aABMR develop over time and are associated with recurrent 
and episodic endothelial activation caused by antibodies recognizing donor-specific antigens on the renal 
endothelial cells. The subsequent inflammation is specifically found at the level of the microcirculation4-7. 
Pre-transplant donor specific antibodies against HLA (DSA) and de novo DSA, which develop after 
transplantation, play an important role in the development of c-aABMR8. However, in a substantial 
number of cases DSA cannot be detected in the serum at time of diagnosis9-12. 

The antibodies on the endothelial cells are targeted by leukocytes bearing Fc-γ receptors. In turn, 
the Fc-receptor-mediated activated cells can produce pro-inflammatory cytokines such as interferon-
gamma (IFN-γ) and upregulated expression of levels IFN-γ in the graft and serum have been described 
during ABMR13,14. In combination with a variable degree of local complement activation, the activation 
of immune cells results in endothelial injury. The persistent endothelial injury leads to structural 
histomorphological changes of the glomeruli with loss of fenestration and duplication/multilamination of 
the basement membranes; more specifically known as transplant glomerulopathy (TG)6,15-18. 

All circulating immune cells bearing Fc-receptors can potentially be activated by endothelial cells in 
c-aABMR, however, in particular innate immune cells such as monocytes and NK cells are typically 
present in the glomerular and peritubular capillaries14,19 .

In addition, specific T cell subsets have been recognized as potentially important immune 
modulators in rejection. For instance, cytomegalovirus-responsive (CMV) γδ T cells are possible effector 
cells in antibody mediated rejection and Baeten et al., identified increased numbers of CD8+CD28− 
effector lymphocytes in patients with chronic graft rejection20,21. 

Non-invasive biomarkers of c-aABMR are currently not available but could be valuable for early 
detection and subsequent treatment. Whether the continuous activation of immune cells can be detected 
in the circulation of patients with c-aABMR and may serve as a potential biomarker, is unknown. In this 
study we investigated monocytes, NK cells, B cells and T cells with their subsets in combination with 
a variety of activation markers expressed on these cells (HLA-DR, CD25, CD38 and CD71) in relation to 
c-aABMR.
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M E T H O D S

Study population.
This case-control study included 25 cases of kidney transplant recipients diagnosed with chronic active 
antibody-mediated rejection (c-aABMRpos) and 25 matched controls (c-aABMRneg). Blood samples 
were collected at time of diagnosis between June 2016 and November 2017 at the Erasmus University 
Medical Center (Rotterdam, The Netherlands). 

The c-aABMRneg cases were matched for age, gender and time after transplantation and had a 
for-cause renal biopsy which showed no evidence of rejection. All renal biopsies were for-cause and 
evaluated by an experienced renal pathologist based on the then current Banff classification22,23. 

Kidney transplant recipients gave written informed consent and the study was approved by the 
Medical Ethical Committee of the Erasmus MC (MEC-2017-115). The study was conducted in accordance 
with the Declaration of Helsinki and the Declaration of Istanbul. 

Data collection and isolation of serum and peripheral blood mononuclear cells (PBMCs).
Demographic and baseline transplantation characteristics were collected for all patients at time of for-
cause biopsy. Blood was drawn from the kidney transplant recipients prior to the for-cause biopsy. 
Peripheral blood mononuclear cells (PBMCs) were isolated from heparinized blood samples by using 
Ficoll-Paque Plus (GE healthcare, Uppsala, Sweden)24. The isolated PBMCs were washed, frozen at 10x106/
vial in RPMI-1640 with Glutamax (GibcoBRL) supplemented with 100 IU/mL penicillin/streptomycin and 
10% heat-inactivated pooled human serum and 10% dimethyl sulphoxide (Sigma Aldrich, Darmstadt, 
Germany) in liquid nitrogen until further use. One vial of PBMCs was thawed in RPMI-1640 (Gibco BRL) 
containing penicillin/streptomycin and DNase (Sigma Aldrich), washed, the cells counted and viability 
assessed using trypan blue. 

Serum was collected upon centrifuging the coagulation tube for 10 minutes at 3000 rpm and stored 
at 1 mL/ampoule at -80oC for determination of DSA.

Characterization PBMCs by flow cytometry.
PBMCs were characterized for proportions of different populations as well as their activation state using 
flow cytometry. The activation state was evaluated by analyzing frequencies and median fluorescence 
intensity of human leukocyte antigen-DR (HLA-DR)-, CD25-, CD38- or CD71-expressing cells. HLA-DR is 
expressed on B cells, monocytes, activated T cells and activated NK cells. CD25 is the α-chain of the IL-2 
receptor and its expression is also increased upon activation of T cells and B cells. CD38 is a glycoprotein 
involved in cell adhesion, signal transduction and calcium signaling and expressed on T cells, B cells, 
monocytes and NK cells. CD71 is the transferrin receptor involved in iron transport from transferrin into 
cells by endocytosis and its expression is increased upon activation on T and B cells.

PBMCs were divided over 5 different polystyrene FACS tubes (Becton Dickinson, BD; Erembodegem, 
Belgium) and stained using different antibody panels. Below a brief description of the panels is given. 
Detailed information with respect to the different antibodies within each panel is provided within 
Supplemental Table 1. 
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In panel 1, percentages of monocyte subsets and NK cells are determined as well as their activation 
state. Using the combination of CD14 and CD16, classical (CD14++CD16-), intermediate (CD14+CD16+) and non-
classical (CD14+CD16++) monocytes were identified within PBMCs as described by Ziegler-Heitbrock et al.25. 
The NK cells are identified as negative for CD3 and CD19 and positive for CD56 either co-expressing CD16 
or not26.

In panel 2, percentages of B cell subsets are determined as described by Kaminski et al. as well as 
their activation state27. B cells are identified as CD19+ and using the combination of IgD and CD27, naïve 
B cells (CD27-IgD+) can be dissected from non-class switched (CD27+IgD+), class-switched (CD27+IgD-) and 
double negative (DN, CD27-IgD-) memory B cells. Plasma blast can be identified within the circulation by 
combining expression of CD27 and CD38 (CD27++CD38++) and transitional B cells by high expression of 
both CD24 as well as CD38. 

In panel 3 we evaluate percentages of T cells expressing Vδ1 and Vδ2 T cell receptor (TCR) as 
well as their activation state. As these cells have been implicated in antibody-mediated rejection in 
kidney transplant recipients and also can express CD16, we also determined percentages and median 
fluorescence intensity (MFI) of CD16 (Fc gamma III receptor)21. Gamma delta T cells are identified as CD3+ 
and positive for either Vδ1 or Vδ2. Within the circulation predominantly Vδ2+Vδ1 γδ- T cells are observed28. 

In panel 4, we measure frequencies of CD4+ and CD8+ T cells (expressing the alpha beta TCR) as well 
as their activation state and in panel 5, we characterize the different CD4+ and CD8+ T cell subsets in more 
detail by evaluating their differentiation status. The differentiation status was based on the study by 
Sallusto et al., as described in detail previously by Betjes et al.29,30. Briefly, expression of CD45RO (marker 
for memory T cells) and CCR7 (a chemokine receptor which facilitates T cells to home to secondary 
lymphoid organs) was used to determine naive (CD45RO-CCR7+) and different memory T-cell populations. 
Different memory T-cell subsets were defined as central memory (CM) T cells (CD45RO+CCR7+ T cells), 
effector memory (EM) T cells (CD45RO+CCR7– T cells) and EMRA T cells (highly differentiated CD45RA+CCR7– 
effector memory T cells). Furthermore, we have determined frequencies of more differentiated T cells 
based on the loss of the co-stimulatory molecule CD28 on the cell surface of these cells. 

Upon staining the cells for 30 minutes at room temperature with the different antibody cocktails, 
the samples were washed using BD FACSflow (BD), measured on the FACSCanto II (BD; 3 laser, 8 color 
configuration 4:2:2) and analyzed using Kaluza software version 1.3 (Beckman Coulter BV., Woerden, 
The Netherlands) generating a linear value for median fluorescence intensity of the different activation 
markers. Multiplying this value by 256 makes it comparable to those obtained by other flow cytometry 
analysis software. To be able to dissect the different populations of cells and analyze their activation 
state, we aimed to acquire at least 50.000 PBMCs. A typical example of flow cytometric analyses and 
gating strategy for the different cells is given in Supplemental Figure 1 A-D and in Supplemental Figure 
2 A-F the gating of the different activation markers for particular cell population is given. Fluorescence 
minus one (FMO) controls were used to determine positivity for each activation marker. Data of all 
activation markers are depicted in Supplemental Tables 2-6. 
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Statistical analysis.
Normally distributed data are expressed as mean +/- SD, non-normally distributed data as median 
(IQR). The total cell populations and their distribution were expressed as median percentages (IQR). The 
activation state was evaluated by analyzing frequencies of cells positive for an activation marker and 
the median fluorescence intensity (MFI) of the positive fraction as a marker for expression level of the 
activation marker. All frequencies are expressed as median percentages (IQR) and the MFI’s as median 
values (IQR). 

The statistical analyses were performed using Graphpad Prism 6 and SPSS software version 24. 
Statistical significance was calculated by Fisher’s exact test, Mann-Whitney-U test and two-way ANOVA. 
A p-value of less than 0.05 was considered statistically significant. 
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R E S U L T S

Baseline characteristics.
A detailed description of demographics and clinical characteristics of the study population is given in 
Table 1. The majority of patients were male (70%) with a median age of 52 and transplanted with a 
kidney from a living donor (82%). Most patients received tacrolimus and mycophenolate mofetil (94% 
and 86%) as their immunosuppressive therapy. The biopsies were taken at a median of 4.2 years after 
transplantation (c-aABMRpos 4.2 yrs versus c-aABMRneg 4.1 yrs; p=0.92). The majority of c-aABMRneg 
cases had signs of chronic damage attributed to CNI toxicity in their biopsy.

The CMV serostatus of the patients is of interest as CMV primo infection and latency are associated 
with increased numbers of differentiated CD4+ and CD8+ T cells31. However, no differences were found in 
CMV mismatch (p=0.72). A total of 10 patients had a CMV mismatch in which the donor was CMV positive 
and the acceptor CMV negative (n=6 for cases, n=4 for controls). Of those 10 mismatch patients, three 
cases and two controls had undergone seroconversion after transplantation. 

Table 1. Clinical and demographic characteristics (at time of for cause biopsy). 

Total (50)
c-aABMRpos
cases (n=25)

c-aABMRneg
cases (n=25) p-value

Women, n (%) 15 (30) 8 (32) 7 (28) 0.76

Age of patient, yr, median (IQR) 52 (39-66) 53 (44-66) 51 (35-68) 0.85

Living donor, n (%) 41 (82) 21 (84) 20 (80) 0.71

Prior kidney transplant, n (%) 10 (20) 6 (24) 4 (16) 0.48

Donor age, yr, median (IQR) 51 (43-61) 52 (46-62) 48 (40-48) 0.21

PRA current, median (IQR) 0 (0-5) 2 (0-8) 0 (0-0) 0.17

Donor Specific Antibodies, n (%) - 12 (48) -

HLA mismatch, median (IQR) 3 (2-4) 3 (2-5) 3 (1-4) 0.85

Maintenance immunosuppression, n (%)
• Tacrolimus/cyclosporine
• mTOR inhibitor 
• Steroids 
• Mycophenolate mofetil 
• Other

47 (94)
1 (2)
24 (48)
43 (86)
3 (6)

23 (92)
0 (0)
11 (44)
24 (96)
0 (0)

24 (96)
1 (4)
13 (52)
19 (76)
3 (12)

0.55
0.31
0.57
0.04
0.08

Maintenance immunosuppression, n (%)
• Triple immunosuppression
• Double immunosuppression

18 (36)
32 (64)

8 (32)
17 (68)

10 (40)
15 (60)

0.56

Primary kidney disease, n (%)
• Diabetic nephropathy
• Hypertensive nephropathy
• Polycystic kidney disease
• Primary glomerulopathy
• Other
• Unknown

9 (18)
5 (10)
7 (14)
13 (26)
15 (30)
1 (2)

5 (20)
1 (4)
5 (20)
5 (20)
9 (36)
0 (0)

4 (16)
4 (16)
2 (8)
8 (32)
6 (24)
1 (4)

0.36

Time to for cause biopsy, yr, median (IQR) 4.2 (3.0-10.6) 4.2 (2.9-11.6) 4.1 (3.0-11.0) 0.92

Graft function (ml/min), median (IQR) 33 (28-44) 33 (27-43) 36 (29-49) 0.55
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Monocytes and NK cells.
The total percentage of monocytes was significantly higher in the c-aABMRpos cases (19.5%; 10.8-30.5%) 
compared to the c-aABMRneg cases (14.4%; 8.2-21.4%) (p<0.05) even though the distribution of classical 
(CD14++CD16-), intermediate (CD14+CD16+) and non-classical (CD14+CD16++) monocytes was similar. However, 
the c-aABMRpos cases showed a significantly higher percentage of monocytes expressing the activation 
marker CD38 compared to the c-aABMRneg cases (c-aABMRpos 99.3% versus c-aABMRneg 98.4%; 
p=0.04) (figure 1a-c). Upon analysis DSA presence in the c-aABMRpos cases was not associated with the 
significant differences.

Figure 1. a. Total percentage of monocytes in c-aABMRpos and c-aABMRneg cases; b. Distribution of monocyte subsets; c. CD38 
expression on monocytes

Similar to the data on monocytes, the percentage of NK cells in c-aABMR cases tended to be higher 
(17.5%; 6.8-22.1%) compared to the c-aABMRneg cases (10.7%; 3.4-19.6%) although statistical significance 
was not reached (p=0.14) and NK cell subsets distribution was similar (p=0.51). However, NK cells of 
c-aABMRpos cases showed a significantly higher expression of CD16 (Fcγ III receptor) and CD38 (p<0.01 
and p=0.02) based on MFI. The median CD16 MFI of NK cells of c-aABMRpos cases was 56965 (33734-
68403) and for NK cells of c-aABMRneg cases 34345 (16878-40092). For CD38 MFI these values were 
6403 (5206-7336) and 5079 (4040-6240), respectively (figure 2a-d). The significant changes found in 
the expression profile of NK cells showed no association with DSA presence in the c-aABMRpos cases.
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Figure 2. a. Total percentage of NK cells in c-aABMRpos and c-aABMRneg cases; b. Distribution of NK cell subsets; c. CD16 expression 
on NK cells; d. CD38 expression on NK cells.

B cells.
The overall percentage of B cells was similar for c-aABMRpos cases and c-aABMRneg cases (p=0.68; 
c-aABMRpos 2.7% (1.4-7.0%); c-aABMRneg 4.2% (1.6-5.5%)), as was the distribution of B cell subsets 
(p=0.95). Of interest was the tendency for higher expression of the activation marker HLA-DR on B cells 
in patients with c-aABMR (p=0.09) (figure 3a-c). The median MFI of HLA-DR for B cells of c-aABMRpos 
cases was 2202 (1967-2728) and for c-aABMRneg cases 2132 (1750-2698). 
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Figure 3. a. Total percentage of B cells in c-aABMRpos and c-aABMRneg cases; b. Distribution of B cell subsets; c. HLA-DR expression 
on B cells.
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T cells.
The total percentage of T cells (CD3+ cells) was 69.9% (58.5-79.4%) for the c-aABMRpos cases and 68.1% 
(55.7-80.3%) for the c-aABMRneg cases which did not differ significantly (p=0.65). Neither was there 
a difference in frequencies of CD4+ (p=0.79) and CD8+ T cells (p=0.77) (figure 4a-b). Furthermore, no 
significant difference in expression of activation markers (HLA-DR, CD38, CD71 and CD25) were found for 
CD3+, CD4+ and CD8+ T cells. 

Additionally, we analyzed in detail the differentiation status of the CD4+ and CD8+ T cell subsets. 
However, similar percentages were found for naïve, CM, EM, EMRA and CD28null subsets within CD4+ and 
CD8+ T cells in c-aABMRpos and c-aABMRneg cases (figure 4c-d). 

Figure 4. a. Total percentage of CD3+ T cells in c-aABMRpos and c-aABMRneg cases; b. Distribution of CD4+ and CD8+ T cells; c. 
Distribution of CD4+ T cell subsets; d. Distribution of CD8+ T cell subsets.

γδ T cells.
The frequency of γδ T cells did not differ significantly between c-aABMRpos and c-aABMRneg cases 
(p=0.88; c-aABMRpos 2.4% (1.3-4.7%); c-aABMRneg 2.2% (1.5-5.8%)). The ratio of Vδ1 and Vδ2 subsets 
also did not differ significantly when comparing cases to controls (p=0.40) (figure 5a-b). Upon evaluation 
of the activation markers, the expression of HLA-DR was significantly higher in the c-aABMRneg cases 
(p=0.02; MFI c-aABMRpos 637 (590-708); MFI c-aABMRneg 712 (641-824)), as well as the expression of 
CD16 (p=0.02; MFI c-aABMRpos 837 (684-1280); MFI c-aABMRneg 1277 (955-2381)) (figure 5c-d). 
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Figure 5. a. Total percentage of γδ T cells in c-aABMRpos and c-aABMRneg cases b. Distribution of γδ T cell subsets in CD3+ T cells; c. 
HLA-DR expression on γδ T cells; d. CD16 expression on γδ T cells.
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D I S C U S S I O N

Chronic active antibody mediated rejection is an important cause of late renal allograft failure1,2. With 
little knowledge on prevention, the underlying pathomechanisms as well as the absence of an effective 
treatment, c-aABMR remains a clinical challenge32. Unfortunately, until present, the gold standard for the 
diagnosis of c-aABMR remains renal biopsy due to the absence of adequate biomarkers. In this study we 
provide the first in-depth analysis into the different leukocyte subsets and their activation markers in the 
peripheral blood of patients with c-aABMR in comparison to matched controls. 

We found similar distribution in c-aABMRpos cases and c-aABMRneg cases for NK cells, B cells, T 
cells and their specific subsets. However, subtle differences were present in the overall percentage of 
monocytes and expression of activation markers with generally a more activated profile of circulating 
monocytes and NK cells in patients with c-aABMR. 

Monocyte subset distribution has been implicated as a potential biomarker for acute rejection in renal 
transplant recipients19, but no data are present on the relation with development of either acute or 
chronic ABMR. The results of this study did not find differences in frequency of classical, intermediate 
and non-classical monocytes but did show a higher overall percentage of monocytes in patients with 
c-aABMR. CD38 expression was significantly higher in cases of c-aABMR but this seemed to be related to 
several unexplained outliers in the c-aABMRneg group and MFI of the CD38 expression was comparable 
in both groups.

Similar to the monocytes, the median percentage of NK cells tended to be higher in the c-aABMR 
cases with increased expression of the activation markers CD16 and CD38. It has been hypothesized 
by several groups that effector mechanisms other than complement can be activated through DSA 33,34. 
An ABMR model was proposed in which the contribution of NK cells at endothelial level is mediated by 
CD16 engagement to DSA35. Damage is inflicted through antibody-dependent cell-mediated cytotoxicity 
(ADCC) mediated by Fc receptors on the cell surface that bind IgG antibodies (CD16)14,21,36. The interaction 
through the low affinity FcR type III (CD16) is crucial as it stimulates regulation of proliferation, migration 
of other leukocytes and endothelial cytotoxicity by releasing granule content and pro-inflammatory 
CD16-inducible cytokines. The increased expression of CD16 would confirm this possible underlying 
pathophysiological mechanism leading to c-aABMR13,35,37,38. 

Activated T cells may also be a source of IFN-γ production in c-aABMR but we found no differences 
in the percentage of circulating T cells, differentiation and activation status. Therefore, in line with 
previously published models our data are not in support of a major pathophysiological role for T cells 
in c-aABMR13,39,40. 

Of interest in this respect is the observation that a specific subset of T cells namely Vδ2neg γδ T cells 
also express CD16 and their ADCC function is triggered after interaction with cell bound antibodies. These 
cells are suspected to play a role in acute ABMR as γδ T cells were found in peritubular capillaries during 
ABMR and their peripheral blood expansion may be considered a poor prognostic factor for allograft 
function21. Of interest, the number of these cells in the peripheral blood is related to the CMV serostatus 
as CMV infection causes activation and expansion of CD16+ γδ T cells.

However, the data from this study do not show significant differences between the number and 
subset distribution of γδ T cells between c-aABMRpos and c-aABMRneg cases. In addition, no difference 
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with respect to frequency of CMV-seropositive kidney transplant recipients was observed between the 
two groups Remarkable was the significantly lower expression of CD16 and HLA-DR in the c-aABMRneg 
cases. As previously postulated by van den Bosch et al., it is possible that these cells have migrated to the 
inflamed graft rather than remained in the circulation19. 

Furthermore, we found no differences in the percentage of B cells, their differentiation status and 
activation markers. These findings are similar to those of Hidalgo et al. who established a DSA selective 
transcript algorithm and found no B cell transcripts in renal biopsies with ABMR14. Previously, it was 
demonstrated that the expression of B cell associated transcripts (BAT) are features of scarring and 
injury. BAT are associated with time post-transplantation and have no relation to ABMR or DSA41. 

Until present, the majority of studies have focused on the histological characterization and transcriptomes 
of specific cells in early rejection. Although there are several studies that have analyzed peripheral blood 
in search of potential predictive markers, most have investigated pre-transplant samples rather than 
samples at time of rejection19,42,43. This is the first study to, in detail, describe the circulating immune cells 
and their activation and differentiation markers at time of c-aABMR diagnosis. In spite of the limited 
numbers of included patients, this study contains a clearly defined group of c-aABMR patients with a 
time-, age- and gender-matched control group.

C O N C L U S I O N

In conclusion, our current results demonstrate differences in the numbers and activation status of 
circulating monocytes, NK cells and γδ T cells in the peripheral blood of c-aABMRpos and c-aABMRneg 
patients. Taken together, the data are consistent with activation of cells that bear the Fc receptor CD16 
and fit within the hypothesis that interaction with antibodies on renal endothelial cells leave a footprint 
in the circulating CD16pos immune cell populations. However, these are subtle differences and are not 
fit to serve as biomarkers. Nevertheless, the data are of interest and indicate an important role for CD16 
positive innate immune cells in the pathogenesis of c-aABMR.
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Supplemental Table 1. Composition of the different antibody panels.

Panel 1. Monocytes/NK cells.

Fluorochrome Marker Titer (µL) Company Clone

BV510
BV421
APC
PE-Cy7
FITC
FITC
PerCPCy5.5
APC-Cy7
PE

HLA-DR
CD38
CD71
CD25
CD3
CD19
CD56
CD14
CD16

1
1
1
1
10
5
1
0.5
0.5

Biolegend, London UK
BD, Erembodegem, Belgium
ThermoFisher Scientific, Bleijswijk, The Netherlands
BD
BD
BD
Biolegend
BD, Erembodegem, Belgium
Biolegend

L243
HIT2
OKT9
2A3
SK7
4G7
HCD56
MjP9
3G8

Panel 2. B cells.

BV510
BV421
APC
PE-Cy7
AF488
APC-Cy7
PE

HLA-DR
CD38
CD71
CD19
CD24
IgD
CD27

1
1
1
0.5
0.25
0.5
0.25

Biolegend
BD
ThermoFisher Scientific
Biolegend
Biolegend
Biolegend
Biolegend

L243
HIT2
OKT9
HIB19
ML5
IA6-2
O323

Panel 3. γδ T cells.

BV510
BV421
APC
PE-Cy7
FITC
PerCP
PE
APC-Cy7

HLA-DR
CD38
CD71
CD25
Vd1
CD3
Vd2
CD16

1
1
1
1
5
5
0.5
0.25

Biolegend
BD
ThermoFisher Scientific
BD
Miltenyi Biotec, Bergisch Gladbach, Germany
BD
BD
Biolegend

L243
HIT2
OKT9
2A3
REA173
SK7
B6
3G8

Panel 4. αβ T cells.

BV510
BV421
APC
PE-Cy7
FITC
PerCP
PE

HLA-DR
CD38
CD71
CD25
CD3
CD8
CD4

1
1
1
1
10
5
0.2

Biolegend
BD
Invitrogen (Ebioscience)
BD
BD
BD
BD

L243
HIT2
OKT9
2A3
SK7
SK1
RPA-T4

Panel 5. αβ T cells.

APC
PE-Cy7
FITC
PerCP
APC-Cy7
PE

CD45RO
CCR7
CD3
CD4
CD8
CD28

1
2
10
5
0.5
5

BD
BD Pharm
BD
BD
Biolegend
BD

UCHL-1
3D12
SK7
SK3
SK1
L293

All stainings in 100 mL cell-suspension;  Abbreviations:  BV, Brilliant Violet;  APC; AlloPhycoCyan;  PE, PhycoErythrin;  FITC, Fluorescein 
IsoThioCyanate;  PerCP, Peridinin Chlorophyll Protein;  AF488, Alexa Fluor 488
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Supplemental Figure 1. Typical example of flow cytometric analyses and gating strategy for the different cells.
PBMCs were stained using 5 different antibody panels and a typical gating strategy and identification of the different cell populations 
within the circulation is given for monocytes (A, left), NK cells (A, right), B cells (B), ‐‐ T cells (C), CD4+ (D, left panel) and CD8+ (D, right 
panel) T cells.
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Supplemental Figure 2. Typical example of flow cytometric analyses and gating strategy of the different activation markers.
The various activation markers (from left to right: HLA-DR, CD25, CD38, CD71) were evaluated for monocytes (A), NK (B), B (C), ‐‐ (V‐1+ 
and V‐2+) (D), CD4+ (E) and CD8+ (F) T cells and percentages as well as median fluorescence intensity of the expressing cells were 
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determined using fluorescence minus one (FMO) controls. The first plot reveals the FMO-control for each activation marker whereas the 
second plot reveals a typical staining of that activation marker within a certain population
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Supplemental Table 2. Monocyte activation markers.

    c-aABMRpos (n=25) c-aABMRneg (n=25)  

    median IQ range median IQ range P-value*

HLA-DR % 98.82 97.86-99.42 98.59 96.26-99.29 0.36

MFI 2872 2328-4321 3064 2533-4003 0.66

CD38 % 99.34 98.56-99.72 98.41 95.41-99.49 0.04

MFI 7916 6483-8719 7493 7078-8694 0.98

CD71 % 1.41 0.55-3.79 1.85 0.79-4.24 0.33

MFI 1270 1053-1974 1352 952-3401 0.73

CD25 % 0.10 0.04-0.3 0.12 0.07-0.60 0.30

MFI 1659 1254-1942 1544 1162-1775 0.34

CD16 % 21.82 17.22-37.20 19.82 11.44-41.82 0.55

MFI 1805 1449-2851 1940 1468-2582 0.95

MFI=median fluorescence Intensity

Supplemental Table 3. NK cell activation markers.

    c-aABMRpos (n=25) c-aABMRneg (n=25)  

    median IQ range median IQ range P-value

HLA-DR % 7.85 5.10-9.80 6.15 5.49-10.69 0.79

MFI 2442 2074-3604 2834 1752-3858 0.89

CD38 % 92.15 88.38-96.10 91.34 84.86-95.56 0.47

MFI 6403 5206-7336 5079 4040-6240 0.02

CD71 % 0.63 0.39-1.02 0.83 0.58-1.60 0.18

MFI 1167 951-1276 1201 8667-2547 0.80

CD25 % 2.21 0.95-4.66 3.39 1.57-20.16 0.05

MFI 1856 1418-2481 1882 1473-3164 0.55

CD16 % 87.10 80.43-91.52 86.40 64.62-92.36 0.29

MFI 56965 33734-68403 34345 16878-40092 0.01

MFI=median fluorescence Intensity
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Supplemental Table 4. B cell activation markers.

    c-aABMRpos (n=25) c-aABMRneg (n=24)  

    median IQ range median IQ range P-value

HLA-DR % 97.82 96.20-98.63 97.30 94.97-98.65 0.37

MFI 6129 5204-7917 5356 4353-6623 0.09

CD38 % 62.97 55.54-80.21 68.68 58.85-79.98 0.47

MFI 2202 1967-2728 2132 1750-2698 0.61

CD71 % 19.84 14.77-25.61 18.15 10.58-22.78 0.23

MFI 1923 1542-2255 1887 1724-2348 0.41

MFI=median fluorescence Intensity

Supplemental Table 5a. CD3+ T cell activation markers.

  c-aABMRpos (n=25) c-aABMRneg (n=24)  

    median IQ range median IQ range P-value

HLA-DR % 4.99 2.89-11.87 6.20 3.15-10.10 0.50

MFI 699 605-977 806 684-1119 0.11

CD38 % 41.97 29.47-53.99 38.06 32.68-52.12 0.74

MFI 1464 1144-1768 1546 1303-1684 0.76

CD71 % 2.54 1.28-3.20 2.07 1.26-3.40 0.92

MFI 535 480-933 581 502-1032 0.55

CD25 % 18.53 11.17-24.49 14.99 8.0-23.38 0.47

MFI 1165 974-1852 1249 1136-1683 0.45

MFI=median fluorescence Intensity

Supplemental Table 5b. CD4+ T cell activation markers.

  c-aABMRpos (n=25) c-aABMRneg (n=24)  

    median IQ range median IQ range P-value

HLA-DR % 4.52 2.43-6.82 5.81 2.91-8.26 0.18

MFI 709 652-942 865 701-1062 0.15

CD38 % 48.61 34.78-57.01 46.45 39.00-55.91 0.74

MFI 1549 1256-1873 1532 1434-1747 0.81

CD71 % 1.76 1.20-2.35 1.88 1.22-.3.63 0.64

MFI 719 604-900 723 572-995 0.93

CD25 % 25.03 17.20-33.46 20.59 11.89-29.60 0.30

MFI 1219 1080-1882 1322 1196-1725 0.43

MFI=median fluorescence Intensity
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Supplemental Table 5c. CD8+ T cell activation markers.

CD8+   c-aABMRpos (n=25) c-aABMRneg (n=24)  

    median IQ range median IQ range P-value*

HLA-DR % 6.91 4.18-13.18 6.90 4.11-13.31 0.95

MFI 658 565-840 718 649-840 0.13

CD38 % 31.24 17.20-42.97 24.25 12.70-34.69 0.22

MFI 1137 946-1673 1228 975-1361 1.00

CD71 % 3.43 0.94-4.61 2.52 0.76-3.93 0.45

MFI 517 460-821 531 460-872 0.67

CD25 % 6.33 3.80-8.64 4.32 1.86-6.85 0.17

MFI 878 742-1402 1023 881-1301 0.16

MFI=median fluorescence Intensity

Supplemental Table 6. γδT cell activation markers.

    c-aABMRpos (n=25) c-aABMRneg (n=25)  

    median IQ range median IQ range P-value

HLA-DR % 9.57 6.47-16.95 9.12 5.59-16.89 0.80

MFI 637 590-708 712 641-824 0.02

CD38 % 28.34 13.95-48.54 24.54 15.85-43.75 0.83

MFI 1434 1290-1624 1457 1188-1847 0.69

CD71 % 3.51 1.13-5.97 2.73 1.03-4.56 0.50

MFI 637 609-1156 719 677-920 0.28

CD25 % 3.13 1.85-6.00 3.93 1.56-6.58 0.82

MFI 1644 1350-2100 1528 1390-1888 0.40

CD16* % 21.46 8.32-30.74 23.22 7.14-42.60 0.93

MFI 837 684-1280 1277 955-2381 0.02

MFI=median fluorescence Intensity. *n=19 for both groups



102

CHAPTER
6

Sablik KA1, Jordanova ES2, Pocorni N2, Clahsen-van Groningen MC3*,
Betjes MGH1*.

1) Department of Nephrology and Transplantation,
Erasmus Medical Center, Rotterdam, The Netherlands.
2) Department of Gynecology, Center for Gynecologic oncology,
Amsterdam UMC, location VUmc, Amsterdam, The Netherlands.
3) Department of Pathology,
Erasmus Medical Center, Rotterdam, The Netherlands.

*These authors contributed equally to this manuscript.



103

Sablik KA1, Jordanova ES2, Pocorni N2, Clahsen-van Groningen MC3*,
Betjes MGH1*.

1) Department of Nephrology and Transplantation,
Erasmus Medical Center, Rotterdam, The Netherlands.
2) Department of Gynecology, Center for Gynecologic oncology,
Amsterdam UMC, location VUmc, Amsterdam, The Netherlands.
3) Department of Pathology,
Erasmus Medical Center, Rotterdam, The Netherlands.

*These authors contributed equally to this manuscript.

IMMUNE CELL INFILTRATE IN CHRONIC-ACTIVE 
ANTIBODY MEDIATED REJECTION

hapter 6



104

chapter 6

A B S T R A C T

Background. Little is known about immune cell infiltrate type in the kidney allograft of patients with 
chronic-active antibody-mediated rejection (c-aABMR). 
Methods. In this study multiplex immunofluorescent staining was performed on 20 cases of biopsy-
proven c-aABMR. T cell subsets (CD3, CD8, Foxp3 and granzyme B), macrophages (CD68 and CD163), B 
cells (CD20) and NK cells (CD57) were identified and counted in the glomeruli (cells/glomerulus) and the 
tubulointerstitial (TI) compartment (cells/HPF).
Results. In the glomerulus  T cells and macrophages were the dominant cell types with a mean 5.5 
CD3+ cells/glomerulus and 4 CD68+ cells/glomerulus. The majority of T cells was CD8+ (62%) and most 
macrophages were CD68+CD163+ (68%).
The TI compartment showed a mean of 116 CD3+ cells/HPF, of which 54% were CD8+. Macrophage count 
was 21.5 cells/HPF with 39% CD68+CD163+. CD20+ cells were sporadically present in glomeruli, whereas B 
cell aggregates in the TI compartment were frequently observed. NK cells were rarely identified.
Remarkably, increased numbers of CD3+FoxP3+ cells in the TI compartment were associated with 
decreased graft survival (p=0.004). 
Conclusions. Renal allograft biopsies showing c-aABMR show a predominance of infiltrating CD8+ T cells 
and increased numbers of interstitial FoxP3+ T cells are associated with inferior allograft survival.
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I N T R O D U C T I O N

The renal biopsies of patients with chronic-active antibody-mediated rejection (c-aABMR) have defining 
histomorphological lesions1. These characteristic lesions include double contours of the glomerular 
basement membrane (transplant glomeropathy) and/or severe peritubular capillary basement 
membrane multi-layering. Additionally, evidence of current or recent antibody interaction with the 
vascular endothelium is provided by either linear C4d staining in peritubular capillaries or moderate 
microvascular inflammation ([g+ptc]≥2)2. The presence of donor-specific antibodies underlies c-aABMR 
but the influx of inflammatory cells and rate of loss of renal function may vary substantially. 

Previously, different studies have reported on the inflammatory cell types involved in renal 
allograft rejection. Hidalgo et al., provided evidence for a possible effector role for natural killer (NK) cells 
in endothelial injury during ABMR3. In addition, ABMR is associated with both glomerular and interstitial 
monocyte infiltration4-7. Mengel et al., showed the importance of inflammatory infiltrates in protocol 
biopsies as they were independently associated with allograft survival, regardless of their location8. 
Furthermore, activated cytotoxic T cells are known to play an important role in the inflammatory activity 
and destruction of allograft tissue9. The increased presence of cytotoxic granules such as granzyme B 
have been associated with acute rejection10-12. Similarly, FoxP3+ T cells (T regulator cells, Tregs) have been 
identified as potential crucial players in inflammatory disease and allograft rejection13-15. 

However, the majority of studies have focused on acute rejection (both TCMR and ABMR) and there 
is currently a lack of data on the presence and clinical relevance of inflammatory cells in renal allografts 
of patients with c-aABMR.

 In the current study we used multiplex immunofluorescent (IF) staining to assess the inflammatory 
cell composition in the renal allograft biopsy of patients with c-aABMR. We report on the presence of 
various T cell subtypes, B cells, NK cells and myeloid cells in both glomeruli and the tubulointerstitial (TI) 
compartment. In addition, the association between location and quantity of the different inflammatory 
cells with allograft survival was analyzed.
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M E T H O D S

Study population and material.
Twenty patients with biopsy-proven c-aABMR between 2010 and 2014 were included in this retrospective 
study. Sufficient formalin-fixed paraffin-embedded (FFPE) material after diagnostic process was needed 
to be included for further analysis. Renal transplant biopsies were all for cause and deemed necessary 
by the treating nephrologist due to a unexplained decline in renal allograft function with or without new 
onset proteinuria. All stained slides were re-evaluated and scored by two blinded pathologists according 
to the Banff ’15 criteria16. Donor specific antibodies (DSA) were retrospectively assessed for all patients. 
The study was approved by the Medical Ethical Committee of the Erasmus MC (MEC-2019-0308).

Staining.
For routine diagnostic analysis, 3µm sections were cut from FFPE tissue and stained by H&E, PAS-
diastase and Jones according to standardized diagnostic protocol at the department of pathology at the 
Erasmus Medical Center. Immunofluorescence staining was performed on snap-frozen tissue sections 
(IgG, IgA, IgM, C3, C1q, kappa and lambda) to exclude immune complex mediated disease.

Additional quadruple multiplex IF staining was performed on 4µm FFPE sections. Multiplex IF 
staining was performed using the antibody combination of CD3, CD8 and granzyme B for CD4+ T cells, 
CD8+ cytotoxic T cells both with or without granzyme B presence (Fig.1). Secondly, CD20 was used as a 
B cell marker and for the identification of macrophages the pan macrophage marker CD68 was used 
in combination with CD163 to distinguish the M2 macrophage subtype (profibrotic) (Fig.2). Lastly, a 
combination of CD3, FoxP3 and CD57 was used to identify CD3+FoxP3+ regulatory T cells and NK cells 
(Fig.3). DAPI (DAPI = 4′,6-diamidino-2-phenylindole) was used in all stainings to visualize the nuclei. 
Multiplex IF was performed as previously described by Punt et al17. In brief, after deparaffinization, EDTA 
(pH9) antigen retrieval was performed in a microwave. Next, three different combinations of primary 
antibodies were applied to the slides. The first mixture consisted of the antibodies anti-CD3 (rabbit 
polyclonal, ab828; Abcam), anti-CD8 (mouse monoclonal IgG2b, 4B11; Novocastra), and anti-Granzyme 
B (mouse monoclonal IgG2a, GRB-7, DAKO) . The second mixture consisted of the antibodies anti-CD3 
(rabbit polyclonal, ab828; Abcam), anti-FoxP3 (mouse monoclonal IgG1, 236A/E7, Abcam), and anti-CD57 
(mouse monoclonal IgM, HNK-1; developed in Leiden University Medical Center). And the third mixture 
comprised the antibodies anti-CD20 ( mouse-IgG2a, L2G, Ventana), anti-CD163 (rabbit, ab100909, Abcam), 
and anti-CD68 (mouse-IgG1, 123C3, Ventana). The first combination was visualized using a combination 
of fluorescent antibody conjugates (Molecular Probes, ThermoFisher): goat anti-rabbit IgG-Alexa Fluor 
546, goat anti-mouse IgG2b-Alexa Fluor 647 and goat anti-mouse IgG2a-Alexa Fluor 488. The second 
combination was visualized using: goat anti-rabbit IgG-Alexa Fluor 546, goat anti-mouse IgG1-Alexa 
Fluor 647, goat anti-mouse IgM-Alexa Fluor 488. The third combination was visualized using: goat anti-
mouse IgG2a-Alexa Fluor 546, anti-rabbit IgG-Alexa Fluor 647, and goat anti-mouse IgG1-Alexa Fluor 
488. The panels were optimized using normal human tonsil and normal renal cortical tissue. 
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Detection and analysis.
Images of the slides were taken for further analysis on a confocal Laser Scanning Microscope in multitrack 
setting (Zeiss LSM700; Zeiss; Jena; Germany). A LCI Plan-Neofluar 25x/0.8 Imm Korr DIC objective (Zeiss) 
was used. 

Figure 1. Multiplex IF staining image of the antibody combination CD3, CD8 and granzyme B. Image a. shows in red CD3; image b. shows 
in white the DAPI; image c. shows in blue CD8; image d. shows in green Granzyme B; image e. is a combination of CD3, CD8, Granzyme 
B and DAPI. 
The arrow marks a CD3+CD8+GranzymeB+ cell representing a CD8+ cytotoxic T cell. The circle encloses a CD3+GranzymeB+ cell 
representing a CD4+ cytotoxic T cell. The square encloses a CD3+CD8+ cell representing a CD8+ T cell.

Figure 2. Multiplex IF staining image of the antibody combination CD20, CD68 and CD163. Image a. shows in red CD20; image b. shows 
in white the DAPI; image c. shows in blue CD163; image d. shows in green CD68; image e. is a combination of CD20, CD68, CD163 and 
DAPI. 
The arrow marks a CD68+ cell representing a single positive CD68 macrophage. The circle encloses a CD20+ cell representing a B cell. 
The square encloses a CD68+CD163+ cell representing a double positive M2 macrophage subtype.
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Figure 3. Multiplex IF staining image of the antibody combination CD3, CD57 and FoxP3. Image a. shows in red CD3; image b. shows in 
white the DAPI; image c. shows in blue FoxP3; image d. shows in green CD57; image e. is a combination of CD3, CD57, FoxP3 and DAPI. 
The circle encloses a CD3+CD57+ cell representing a CD3+CD57+ cytotoxic T cells. The square encloses a CD3+FoxP3+ cell representing a 
FoxP3+ T regulatory cell.

If possible, tissue sections were scanned in their entirety. For the glomerular cell counts all available 
glomeruli per silver-stained tissue were included. The glomerular compartment cell counts were 
represented as the average number of whole cells per glomeruli. Tubulo-interstitial compartment cell 
counts were represented as the average number of whole cells per high-power field (HPF, 40x). A blinded 
and random selection of 3 HPF was analyzed for the TI compartment cell counts. All cells were counted 
using the Zen 2.3 SP1 software.

Statistical analysis.
Normally distributed data are expressed as mean +/- SD, non-normally distributed data as median (IQR). 
All statistical analysis were performed using Graphpad Prism 6 and SPSS software version 24. Statistical 
significance was calculated using unpaired t test for continuous variables, Mann Whitney U test for 
ordinal variables and Chi-squared or Fisher exact test for categorical variables. A P-value of less than 
0.05 was considered statistically significant. 

Graft survival curves, starting at time of c-aABMR diagnosis, were censored for death with 
functioning graft and analyzed by Kaplan Meier with log-rank test. For the analysis of association of 
inflammatory cells with allograft survival, both the glomerular and TI compartment cell count were 
divided dichotomously based on the mean cell count. 
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Baseline characteristics.
Clinical and histological characteristics of the included patients are shown in Table 1 and Figure 4. The 
mean age of the patients was 54 years at the time of transplant biopsy. Mean time point of biopsy post-
transplantation was 3.6 years. Patients were predominantly treated with an immunosuppressive regimen 
using a combination of calcineurin inhibitors (mainly tacrolimus, 80%) and mycophenolate mofetil (90%). 
Mean follow up was 3.4 year (range 0.7-8.3 year) or until graft failure (either re-transplantation or return 
to dialysis). Two patients died with a functioning graft during follow up.

Forty-five percent of patients were DSA positive at time of biopsy, 50% showed linear positive C4d 
staining of the peritubular capillaries and all biopsies showed microvascular inflammation. Furthermore, 
all patients had severe double contours of the glomerular basement membrane (cg) present in their 
biopsy with moderate to severe chronic damage (interstitial fibrosis and tubular atrophy, IFTA). 

Table 1. Main clinical features at time of c-aABMR diagnosis.

  N=20

Recipients age, yrs (IQR) 54 (44-63)

Male, n (%) 14 (70)

Donor age, yrs (IQR) 52 (40-59)

Prior transplantation, n (%) 7 (35)

Living donation, n (%) 13 (65)

HLA mismatch, median (IQR) 3 (2-4)

Time post transplantation, yrs (IQR) 3.6 (1.8-7.5)

eGFR, ml/min/1.73m2 (IQR) 29 (24-38)

Proteinuria, g/L (IQR) 0.75

DSA positive, n (%) 9 (45)*

HLA class I 2

HLA class II 8

C4d positive, n (%) 10 (50)

Renal Disease, n (%) Diabetic nephropathy 5 (25)

Hypertensive nephropathy 2 (10)

Reflux nephropathy 2 (10)

Chronic pyelonephritis 2 (10)

Cystic kidney disease 2 (10)

Other 7 (35)

Immunosuppressive therapy, n (%) Tacrolimus 16 (80)

MMF 18 (90)

Corticosteroids 9 (45)

Other 1 (5)

* One patient had both HLA class I and HLA class II DSA present.
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Figure 4. Distribution of Banff lesions at time of c-aABMR diagnosis. 

CD3+, CD8+, Granzyme B+ T cells.
First, we analyzed the number of glomerular T cell (CD3+ T cells), CD8+ T cells (CD3+CD8+ T cells), CD4+ T cells 
(CD3+CD8- T cells), CD8+granzymeB+ T cells and CD4+granzymeB+ T cells by quadruple immunostaining. 
Figure 5 shows the distribution as well as the mean number of inflammatory cells per glomerulus per 
biopsy. A mean total of 5.5 CD3+ cells were present per glomerulus with a range of 0.8 to 9.6 CD3+ cells. 
CD8+ T cells were predominant making up 61.7% of CD3+ T cells with a mean of 3.4 cells per glomerulus. 
A minority of CD8+ T cells (46%) and CD4+ T cell (23%) showed cytotoxic potential as measured by co-
expression of granzymeB. Inflammatory cell counts were then performed for the TI compartment (Fig.6). 
Although substantial variations were observed in the number of infiltrating cells amongst the biopsies, 
large areas of CD3+ T cells were abundantly present within the TI compartment. The TI showed a mean 
CD3+ cell count of 116.2 per HPF. The majority of CD3+ T cells present in the TI represented CD8+ T cells 
(53.9%) with an average cell count of 62.6 per HPF followed by CD4+ T cells (46.2%) with 53.6 positive cells 
per HPF. In contrast to the glomeruli, there were hardly any CD8+ granzymeB+ T cells (7% of total CD3+ T 
cells, 8.2 cells per HPF) and CD4+ granzymeB+ T cells (1.5% of total CD3+ T cells, 1.7 cells per HPF) present. 

No significant association was found for the presence of CD3+ T cells and the T cell subsets in the 
glomeruli and TI compartment with regard to allograft survival or DSA presence. 

Figure 5. Distribution of mean number of inflammatory immune cells per glomerulus per biopsy.
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Figure 6. Distribution of mean number of inflammatory immune cells per HPF per biopsy.

CD3+, FoxP3+ T cells and CD57+ NK cells.
The second quadruple multiplex IF staining identified CD57+ NK cells (CD3-), CD3+FoxP3+ regulatory T cells 
and CD3+CD57+ T cells. 

The glomeruli showed low counts of CD57+ and CD3+CD57+ cells in this multiplex IF staining (Fig.5). 
Almost 40% of biopsies showed no presence of CD57+ or CD3+FoxP3+ cells in the glomeruli. The remaining 
biopsies showed a mean of 0.67 CD57+, 0.56 CD3+CD57+ and 0.32 FoxP3+ cells per glomerulus. CD3+CD57+ 
cytotoxic T cells accounted for 6.7% of CD3+ cells in the glomerulus.

The TI compartment however, showed a much higher presence of CD3+FoxP3+ T cells with an 
average of 11.5 cells per HPF. These cells accounted for 8.5% of the CD3+ cells. A clear distinction into 2 
groups was noticeable within the biopsies for CD3+FoxP3+ T cells (high versus low mean cell count). Fifty 
percent of biopsies had a high mean cell count of 19.6 positive cells per HPF versus a low mean cell count 
of 3.4 positive cells per HPF. The increased presence of CD3+FoxP3+ T cells was significantly associated 
with a decreased allograft survival (Fig.7a). Patients with high CD3+FoxP3+ T cell rates had a graft survival 
of 2,1 year versus 5,3 year in the patients with low FoxP3 presence (p=0.004).

Similar to what was observed for the glomeruli, the CD57+ cell count in the TI was low with a mean of 
1.7 cells per HPF and CD3+CD57+ T cells accounted for only 0.8% of CD3+ cells in this compartment.

CD68+, CD163+ macrophages and CD20+ B cells.
The third multiplex IF staining panel included markers for macrophages (CD68+), M2 macrophages 
(CD68+CD163+) and B cells (CD20+). 

CD20+ cells were sporadically present in glomeruli with a mean number of 0.16 positive cells 
per glomerulus. Interestingly, 45% of biopsies hardly contained any B cells in the glomeruli. The 
macrophages (CD68+ cells) represented mean number of almost 4 cells per glomerulus. The majority 
(68%) was CD68+CD163+ with a mean positive cell count of 2.3 per glomerulus. A scattered distribution of 
macrophages was visible with ranges of 0 to 6 positive cells per glomerulus. No significant association 
with graft function or DSA presence was found for macrophage or B cell presence in the glomeruli (data 
not shown).

In contrast to the glomeruli, the TI compartment showed a higher percentage of CD68+ cells 
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(61%) with a mean positive cell count of 13.2 per HPF. CD68+CD163+ macrophages accounted for 39% of 
macrophages with a mean of 8.4 positive cells per HPF. The presence of total CD68+ and CD68+CD163+ 
macrophages in the TI compartment showed a near significant inverse association with graft survival 
(p=0.08). (Fig.7b). 

Furthermore, a mean number of 36.8 positive CD20 cells was counted in the tubulointerstitium. 
However, as with the CD3+FoxP3+ T cells, a clear distribution into 2 groups was visible. Forty-five percent 
of biopsies were found to present CD20+ cells in nodular formation with a mean of 74.5 CD20 positive 
cells per HPF. The remaining biopsies reached a mean of 3.4 CD20+ cells per HPF. The distribution in B cell 
was not significantly associated with graft survival (p=0.13). However, patients with increased numbers 
of B cells in the TI compartment had the tendency to have DSA present in the serum at time of biopsy. 
However, this was not statistically significant (p=0.078).

Figure 7. a. Renal allograft survival after c-aABMR diagnosis in relation to CD3+ FoxP3+ cell presence in the tubulo-interstitial 
compartment; b. Renal allograft survival after c-aABMR diagnosis in relation to overall macrophage (CD68+ and CD163+) presence in the 
tubulo-interstitial compartment.
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D I S C U S S I O N

No detailed description on inflammatory cells in renal allograft biopsies showing c-aABMR is currently 
available. Through multiplex IF staining, we evaluated inflammatory cell presence in glomeruli and TI 
compartment and related their presence to renal allograft survival. Our study is the first detailed report 
on the localization and immunophenotypic composition of inflammatory cells in c-aABMR of the renal 
allograft. Most notably T cells and macrophages were observed within the glomeruli and/or in the TI 
compartment. Of interest is the increased presence of FoxP3+ T cells in the TI compartment which is 
significantly associated with inferior allograft survival.

Renal biopsies showing c-aABMR demonstrated vast areas of inflammatory cells denoting the presence 
of an ongoing immune mediated process. Substantial numbers of T cells and macrophages were present 
in the glomeruli and TI compartment. 

The glomerular compartment predominantly comprised of CD8+ cytotoxic T cells (granzyme B+ 
and CD57+) and M2 macrophages (CD68+ and CD163+), but there was a relatively low amount of single 
positive CD57+ NK cells in the glomeruli. Previous reports have provided evidence for the presence of NK 
cell transcriptomes marking NK cells as an important player in the pathogenesis of c-aABMR3,18,19. Our 
study using multiplex IF staining could not confirm the presence of these cells as only a small number 
of NK cells were present in allografts within the setting of c-aABMR. However, Parkes et al. previously 
demonstrated that over 50% of increased transcripts in CD16a activated NK cells are also increased in 
activated CD8+ T cells. The NK cells and T cells shared transcripts for effector cytokines, chemokines 
and other molecules related to effector cell function18. Of interest, was the presence of CD3+CD57+ T cells 
in the glomeruli. Several biopsies showed infiltrates of CD3+CD57+ T cells and their presence accounted 
for 6.7% of CD3+ cells in the glomerulus. Although these cells have not been further phenotyped, they 
might indicate the presence of terminally-differentiated effector CD8+CD57+ cytotoxic T cell, possessing 
NK cell-like properties. These cells are known to have strong cytotoxic potential with high expression 
of both granzyme B and perforin. The expression of these cytolytic molecules is considerably higher in 
CD8+CD57+ T cells than in their CD57- counterpart20. This type of T cell is presumed to increase in frequency 
with chronic immune activation as well as during normal aging21-23. In addition, Björkström et al. proposed 
that in the setting of chronic immune activation terminal CD8+ T cells can acquire the ability to express 
FcγRIIIΑ (CD16)24. CD16 expressed on CD8+ T cells functioned independently from the T cell receptor and 
was able to generate effector cytokine production as well as degranulation. CD16 function has been well 
studied on NK cells and is best characterized for its role in antibody-dependent cellular cytotoxicity25. 
The presence of these cells in combination with the high percentage of GranzymeB+ T cells found in the 
glomeruli suggest possible severe cytotoxic damaging effects in the glomerular compartment26,27. 

The glomerular compartment also contained high numbers of macrophages with widespread distribution 
in number of CD68+ cells per glomerulus. This finding is in accordance with previous literature in which 
macrophages were significantly associated with clinical rejection and severity, regardless of type 
of rejection5-7. Although not statistically significant, the increased presence of macrophages in the TI 
compartment showed a possible association with graft survival. Additionally, it was van den Bosch et al. 
who provided evidence for increased glomerular infiltration with CD68+CD163+ macrophages in c-aABMR 
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compared to ABMR and TCMR6. In accordance with this finding, CD68+CD163+ macrophages were the 
predominant subset in the glomeruli (68%), contrary to the TI compartment (39%).

T cells and macrophages were also the main inflammatory cells in the TI compartment but with a 
different immunophenotypic distribution. The predominant T cells were either CD4+ or CD8+ T cells and 
of interest was the observation that in contrast to the glomeruli, relatively few CD8+ T cells expressed 
granzyme and/or CD57. The areas of the TI compartment with diffuse cellular infiltrates could suggest 
a possible contributing role for T cells in c-aABMR. Previously, Mengel et al. identified the importance of 
inflammatory cell infiltrates in protocol biopsies, specifically in areas of interstitial fibrosis (IF) and tubular 
atrophy (TA)8. These areas are now classified as i-IFTA/t-IFTA and have also been incorporated into the 
latest Banff meeting report2. Although we did not find an association for T cell infiltrates with (inferior) 
graft survival, further study is needed to assess if i-IFTA and t-IFTA play an important role in the outcome 
of graft with c-aABMR.

Of interest in the TI compartment are the CD3+FoxP3+ cells. We demonstrated that patients with 
increased FoxP3+ T regulatory cells (Tregs) in the TI compartment had inferior renal allograft survival 
compared to those with few Tregs in the TI compartment. Initially, FoxP3 was identified as the transcription 
molecule required for T regulatory cell development28. Its presence in certain autoimmune diseases 
suggests an important role in immune tolerance29,30. Similarly, several studies regarding transplantation 
have shown upregulation of FoxP3 during episodes of acute rejection15,31,32. However, the significance of 
FoxP3+ T cell presence remains uncertain as these studies have shown conflicting data on the relation with 
graft survival15,33-35. For instance, Veronese et al. and Yapici et al. found a correlation between decreased 
graft survival and an increased density of Foxp3 expressing cells in acute rejection35,36. 

Our data showing increased presence of FoxP3+ T regulatory cells in c-aABMR might be interpreted 
as an end-result of widespread T cell activation, rather than the cause of poor allograft survival34. This is 
in accordance with Bunnag et al., who presented FoxP3 presence as a time-dependent feature reflecting 
chronic inflammation and showed association with IFTA, rather than FoxP3 as an independent predictor 
of outcome34.

In addition, the association with inferior graft survival might be related to the potential of these 
FoxP3+ T cell to easily differentiate into IL-17 producing T helper 17 (Th17) cells, as previously demonstrated 
in other autoimmune mediated inflammatory diseases37. Under normal circumstances the transcription 
of FoxP3 in T cells is mainly induced by transformation growth factor-β (TGF-β). However, under pro-
inflammatory conditions involving IL-6, believed to be present in renal allografts during rejection, T 
cells from a regulatory pathway can be adapted to an inflammatory pathway resulting in Th1738,39. Th17 
possess highly pro-inflammatory capacities rather than immune-regulatory functions. 

This is the first study of this nature, describing inflammatory cell presence in glomeruli and the TI 
compartment of patients with c-aABMR. However, it does have a small number of samples. The presented 
data are of great interest and provide further insight into the possible pathogenesis of c-aABMR.

In conclusion, the predominant renal infiltrating immune cells in renal biopsies of c-aABMR are 
CD8+ T cells and M2 type macrophages in both the glomeruli and the TI compartment. Interestingly, in 
c-aABMR increased numbers of FoxP3 expressing T cells are significantly associated with poor renal 
allograft survival.
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A B S T R A C T

Aims. Chronic-active antibody mediated rejection (c-aABMR) is a major cause of kidney graft loss. 
Currently, little is known about the relation between histopathologic parameters and renal allograft 
survival.
Methods. Between 2008 and 2014, 41 patients with a progressive decrease in renal function were 
diagnosed with c-aABMR according to Banff 2015 and followed up for at least 3 years. Clinical and renal 
biopsy characteristics were analyzed for association with graft survival.
During follow-up 26 cases lost their graft because of c-aABMR at a median follow up of 40 months after 
diagnosis.

Cases with v-lesions in their biopsy had a significant higher loss of eGFR prior to diagnosis. The total 
inflammation score (r=-0.45 p=0.007) and the severity of interstitial fibrosis (r= -0.38 p=0.023) were 
related to the eGFR at time of biopsy. 

Univariate regression analysis showed that eGFR at time of biopsy, total inflammation, interstitial 
fibrosis and the sum chronicity score were significantly related to the risk for graft failure during follow-
up. In a multivariate analysis only the severity of interstitial fibrosis remained associated with decreased 
graft survival (HR 1.9 per score point, 95% CI 1.2-2.8, p=0.004)
Conclusion. Severity of renal interstitial fibrosis and not inflammation predicts graft survival in cases of 
c-aABMR.
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I N T R O D U C T I O N

Although short-term results of kidney transplantation have improved significantly in the last decades, 
long-term renal allograft survival has shown little improvement1,2. Therefore, the causes that pose a 
barrier to long-term renal allograft survival need to be addressed in order to further the progress in 
maximizing the lifespan of transplanted kidneys3-5. 

A very important barrier, that has only been fully recognized in recent years, is chronic-active 
antibody-mediated rejection (c-aABMR). The clinical hallmark of c-aABMR is progressive loss of allograft 
function with nephrotic range proteinuria. Chronic-aABMR is now regarded as one of the most important 
contributors to late renal allograft failure6,7. The prognosis of c-aABMR is very poor with most patients 
reaching graft failure within 2-3 years after diagnosis7-11. Treatment of c-aABMR has become a major 
unmet need in transplant nephrology as there are currently no established effective treatment protocols 
available12-14. 

Surprisingly, it is largely unknown whether factors such as renal histomorphology or clinical 
parameters are associated with renal allograft survival in patients with c-aABMR. Identification of  these 
key parameters could be of relevance for stratification of patients in future clinical trials or to decide 
whether or not to treat a patient with c-aABMR of the kidney allograft.   

Previous studies have indicated that cases with a higher degree of microvascular inflammation 
may be associated with a better response to therapy and that a compound chronicity score in 
cases of transplant glomerulopathy predisposes for poorer allograft survival15,16. However, these 
results were not obtained in clearly Banff-defined cohorts of c-aABMR patients receiving an 
identical therapeutic intervention. In this study, the relation between histomorphologic lesions 
according to Banff 2015 criteria and graft survival were analyzed in a well-defined group of 
patients with c-aABMR with a minimum follow up of 3 years or until graft failure was reached. 
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Study population.
We retrospectively included 41 renal transplant patients who had a biopsy proven diagnosis of c-aABMR 
between October 2008 and December 2014. No selection was made for inclusion in this study other 
than having a histologically proven diagnosis of c-aABMR. Time of last follow-up was December 2017. 
All patients underwent a for cause biopsy at least 1 year post transplantation due to a progressive 
decline in renal function. Renal biopsies were scored according to the Banff ’15 criteria17 by 2 independent 
experienced renal pathologists reaching consensus on the severity of the different lesions in all cases. 
In accordance with the Banff ’15 criteria, the biopsies showing all histological criteria for c-aABMR but 
without detectable DSA were included though designated as suspicious for c-aABMR.

The Banff lesions could be fully assessed in 35 of 41 patients. Immunohistochemical staining for 
C4d was not available in 1 patient.

Following our local protocol, all patients with c-aABMR were administered three doses of 1 gram 
intravenous MP over a 3 day period combined with a single dose of intravenous immunoglobulins (1 g/
kg body weight) on the second day of treatment18. Renal allograft function was assessed on the basis of 
estimated glomerular filtration rate (eGFR in ml/min/1.73m2). All eGFR measurements between one year 
prior to treatment and one year after treatment were included to calculate the decrease in eGFR within a 
given period of time. Cases included had at least 5 measurements of eGFR at regular intervals in the year 
before and after diagnosis of c-aABMR. Allograft failure was defined by the need for starting dialysis 
treatment or kidney retransplantation.

The local medical ethical committee approved the study (april 16th 2015;MEC-2015-222) and 
humans involved in this study were treated in a manner in accordance with the Declaration of Helsinki 
and the Declaration of Istanbul. All patients gave their written informed consent for participation in this 
study.

Characterization of anti-HLA antibodies.
All patients were transplanted with a CDC negative crossmatch. All sera prior to treatment were screened 
for the presence of donor-specific antibodies against HLA (DSA). Patient serum samples were screened 
within a 3 month time period before or after diagnostic biopsy for the presence or absence of HLA 
antibodies using the Lifecodes Lifescreen Deluxe (LMX) kit, according to the manufacturer’s manual 
(Immunocor Transplant Diagnostics Inc. Stamford, CT, USA). Samples were considered positive for 
either HLA class I (HLA-A or HLA-B or HLA-C) or HLA class II (HLA-DQ or HLA-DR) antibodies were further 
analyzed with a Luminex Single Antigen assay, using LABscreen HLA class I and class II antigen beads 
(One Lambda Canoga Park, GA, USA).

Statistical analysis.
Normally distributed data are expressed as mean +/- SD, non-normally distributed data as median with 
range. A p-value of less than 0.05 was considered statistically significant.

Death-censored graft survival was assessed by Kaplan-Meier analysis with log-rank statistics for 
difference between strata. For this analysis the histomorphologic lesions were analyzed dichotomously 
(if possible, see results). Cases in which lesions were scored as minimal to mild (0-1) were compared to 



123

Chapter 7

BANFF LESIONS AND RENAL ALLOGRAFT SURVIVAL IN 
CHRONIC-ACTIVE ANTIBODY MEDIATED REJECTION

cases in which lesions were scored as moderate to severe (2-3). Both v-lesions and C4d staining were 
scored as either being present or absent. 

Univariate and multivariate logistic regression analysis was performed to identify an association 
between histomorphological lesions (as continuous variables) and clinical variables with graft survival. 
Variables with a p-value of <0.1 were considered for a multivariate proportional hazard analysis in a 
forward stepwise manner. Statistical analysis was performed with software IBM SPSS statistics 21. 
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Clinical characteristics.
The demographic and clinical characteristics at time of for cause biopsy are summarized in table 
1. Time to biopsy from the moment of transplantation showed a median of 76 (12-218) months. The 
immunosuppressive regimen predominantly consisted of combined tacrolimus and mycophenolate 
mofetil (71%). During the first year of follow up no deaths occurred but 3 patients progressed to allograft 
failure. A total of 26 cases lost their renal allograft as a result to c-aABMR at a median follow up of 40 
months after diagnosis by renal biopsy.

Twenty-six percent of c-aABMR cases had a previous biopsy proven acute rejection (BPAR). The 
vast majority (85%) of the BPAR was T-cell mediated rejection (TCMR) and occurred within the first 
months after transplantation. Proteinuria varied substantially from marginally present to several gram/L. 

Table 1. Clinical and immunological characteristics of 41 cases of chronic-active antibody mediated rejection.

Age in years median (range) 52 (19-72)

Gender, male % 63.4 %

Donor type:
• deceased
• living related
• living unrelated

29%
27%
44%

Previous transplantation %  41.5%

Time to diagnosis in months, median (range) 76 (12-218)

Follow up time in months, median (range) 27 (8-86)

Number of HLA mismatches, median (range) 3 (1-6)

DSA present, n (%) 17 (43.9%)

Type of DSA:
• anti-HLA class 1 (n=3)
• anti-HLA class 2 (n=15)

Previous biopsy proven acute rejection 26.8%

Proteinuria (g/L) at time diagnosis, median (range) 0.8 (0.1-11.5)

eGFR ml/min/1.73m2, median (range)
• 1 year before diagnosis
• time of diagnosis
• 1 year after diagnosis

37 (15-78)
30 (15-45)
30 (8-47)

Immunosuppressive medication (%)
Tacrolimus
Cyclosporine
Mycophenolate mofetil
Prednisone
Other

81
5

90
22
7
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Histomorphological characteristics.
The scores of the lesions of the renal biopsies (n=35), graded by the Banff criteria, are shown in figure 1. 
In 6 cases there were an insufficient number of non-sclerotic glomeruli in the biopsy to fulfill the criteria 
for scoring according to the Banff classification. 

Figure 1. Banff scores in the c-aABMR biopsies. Inflammation(i), total inflammation (ti), tubulitis (t), v (arteritis/v-lesions), glomerulitis 
(g), peritubular capillaritis (ptc), C4d positive in ptc or glomerulus (glom), interstitial fibrosis (ci), tubular atrophy (ct), arterial intimal 
thickening (cv), arteriolar hyalinosis (ah), alternative arteriolar hyalinosis score (aah), mesangial thickening (mm).

All biopsies showed glomerular basement membrane double contours (cg) of which >90% were scored 
as either cg2 or cg3. In addition, microvascular inflammation (MVI) was present in all biopsies with a high 
mean MVI of 5. Arteritis (v-lesion) was present in 11 biopsies (26.8 %). Importantly, minimal tubulitis (t1) 
was only observed in a minority of cases (31 cases (75.6%) with no tubulitis). A combined score (chronicity 
score) of interstitial fibrosis (ci) + tubular atrophy (ct) + total inflammation (ti) has been identified as a 
predictor of renal allograft loss in cases with transplant glomerulopathy16 and was therefore calculated 
for all cases.

Of note, analysis showed that cases with c-aABMR and arteritis (v-lesion) showed a significantly 
faster decline in graft function in the year before treatment. The decline in function of these patients 
was -16.2 ml/min/1.73m2 compared -9.8 ml/min/1.72m2 in patients without arteritis(p<0.01). However, 
c-aABMR cases with arteritis did not differ significantly from those without arteritis with respect to all 
other histomorphological characteristics (data not shown). 

In addition, an association was found for total inflammation score (r=-0.45 p=0.007) and severity 
of interstitial fibrosis (r=-0.38 p=0.023) with graft function (eGFR) at time of biopsy. None of the Banff 
lesions related with the degree of proteinuria at time of biopsy. As has been previously published, no 
relation between the presence of DSA in the serum,  Banff scores and graft survival could be found.19
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Clinical and histomorphological characteristics in relation to graft survival.
For Kaplan-Meier analysis, cases were divided into low or high histomorphological scores according to 
a minimal-to-mild score (0-1) or a moderate-to-severe score (2-3). This analysis could not be performed 
for cg, mm and microvascular inflammation (either for glomerulitis, peritubular capillaritis or combined 
MVI score) as the large majority of cases showed high scores (2 or 3) for these items (figure 1). For the 
remaining lesions higher scores for tubular atrophy (ct), interstitial fibroses (ci), inflammation (i) and total 
inflammation (ti) were associated with decreased graft survival (figure 2). However, interstitial fibrosis 
significantly correlated with inflammation scores, both inflammation in non-scarred tissue (i) and total 
inflammation (ti)(respectively r=0.54 =0.001 and r=0.50, p= 0.002). In addition, as expected, the degree 
of interstitial fibrosis correlated strongly with tubular atrophy (r=0.64 p<0.001). 

Univariate regression analysis of the Banff lesions showed that total inflammation, interstitial 
fibrosis and chronicity score were significantly related to the risk for graft failure during follow-up (table 
2). Univariate regression analysis of clinical parameters (table 1) did not show any variable significantly 
associated with graft failure except for eGFR at time of biopsy (HR 0.93 per ml/min eGFR, 95% CI 0.88-
0.98, p=0.021) 

Within the multivariate proportional hazards regression analysis, including the univariate significant 
Banff lesions and eGFR at time of biopsy, only the degree of interstitial fibrosis (HR 1.9 per score point, 
95% CI 1.2-2.8, p=0.004) was independently associated with graft loss censored for death. 

Table 2. Median for Banff lesions in renal transplant biopsies with c-aABMR prior to treatment and relation with graft loss after 
diagnosis.

Median (range) Univariate HR (95% CI)* p-value

ti, total inflammation 2 (0-3) 1.7 (0.99-2.9) 0.05

i, interstitial inflammation 2 (0-3) 1.2  (0.8-1.8) 0.29

t, tubulitis 0 (0-3) 1.7 (0.9-3.2) 0.08

v, arterial inflammation 0 (0-3) 1.1 (0.6-1.9) 0.75

g, glomerulitis 3 (0-3) 0.7 (0.2-2.1) 0.48

ptc, peritubular capillaritis 2 (0-3) 1.7 (0.8-3.3) 0.15

C4d staining peritubular capillaries 0 (0-3) 0.8 (0.5-1.2) 0.30

C4d staining glomeruli 3 (0-3) 0.8 (0.5-1.2) 0.35

ci, interstitial fibrosis 2 (0-3) 1.8 (1.2-2.8) 0.004

ct, tubular atrophy 1 (0-3) 1.35 (0.7-2.4) 0.32

cv, arterial intimal thickening 2 (0-3) 1.2 (0.8-1.8) 0.35

cg, transplant glomerulopathy 3 (0-3) 0.9 (0.5-1.6) 0.8

ah, arterial hyalinosis 2 (0-3) 0.9 (0.6-1.2) 0.5

AAH, alternative arterial hyalinosis score 3 (0-3) 0.9 (0.7-1.3) 0.7

mm, mesangial matrix expansion 3 (0-3) 0.8 (0.5-1.1) 0.23

Chronicity score (ci + ct + ti) 5 (1-9) 1.3 (1.0-1.6) 0.009
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Figure 2. Kaplan-Meier curves of kidney transplant survival for cases with c-aABMR after the diagnosis and treatment with IVIG/
MP. Cases were divided in a low and high score group based on their specific histomorphology scores (low=absent to low score, 
high=moderate to severe score). Total inflammation (ti) high n=29, low n=6; inflammation (i), high n=22, low n=13; tubular atrophy 
(ct), high n=8 and low n=27; interstitial fibrosis (ci),high n=19, low n=16; v-lesions, no n=24, present n=11; arteriolar hyalinosis (ah), high 
n=12, low n=23; alternative arteriolar hyalinosis score (aah), high n=10, low n=25; C4d score positive n=23, negative n=17. P-values were 
calculated by log-rank statistical analysis pairwise over different strata.
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In this study we have analyzed the association of clinical characteristics and Banff lesions in patients with 
biopsy proven c-aABMR in relation to graft survival.

Most importantly, chronic interstitial fibrosis was the dominant factor associated with graft survival 
after the diagnosis of c-aABMR. This finding is line with two recent publications which showed that a 
higher sum chronicity score was associated with inferior graft survival of patients with a diagnosis of 
transplant glomerulopathy and c-aABMR16,20. 

Previously, proteinuria has been identified in general as a potential predictor of poor renal survival. 
More severe proteinuria might indicate more severe structural damage of the glomerulus and increased 
inflammation. However, we could not relate the degree of proteinuria with any of the Banff lesions or 
the risk for allograft loss. This lack of association may be in part caused by the fact that the proteinuria 
was not normalized for the urine creatinine concentration. However, even if  we compared the groups 
of patients with  low proteinuria (<0.5 gr/L) to high proteinuria (>0.5 g/L) we could not find a significant 
relation with graft survival (data not shown).

As previously suggested by Kahwaji et al., higher MVI scores may be associated with superior 
response to therapy15. Others did find a decrease in MVI score after treatment but without a relation to 
clinical response21. This observation could not be confirmed in our study as the microvascular inflammation 
in the glomeruli and peritubular capillaries, either separately or combined, was not associated with graft 
survival. In a recent publication by Viglietti et al, the peritubular capillaritis Banff score was a significant 
factor in a multivariate model to predict outcome in cases of acute ABMR22. However, it should be noted 
that this result cannot be easily translated to this study as only 18% of the cases in their study had 
chronic allograft glomerulopathy and the average IFTA score was 1 (respectively 100% and 1.5 in this 
study). In addition, only a few cases in our study actually had a low MVI which reduces the discriminatory 
power of this criterion.

As described recently, arteritis can be found in almost half of cases with aABMR (coined antibody-
mediated vascular rejection) and is associated with decreased allograft survival as compared to aABMR 
without arteritis23. In our study, arteritis was present in about 1/3 of patients with c-aABMR. Allograft 
function declined much more rapidly in the cases with arteritis but ultimately did not result in more graft 
loss. As all cases received steroids and IVIG this may indicate a better response to therapy when v-lesions 
are present. The origin of the v-lesions in the c-aABMR cases is not clear as it cannot be established with 
certainty whether arteritis represents humoral rejection on the level of the larger vessels or a true T cell-
mediated immune response. The latter is not supported by the presence of significant tubulitis in the 
renal biopsies, but may explain a more favorable response to high dose steroids.

This study has some obvious limitations as it is of retrospective nature with a relatively small group of 
patients treated for c-aABMR. However, the cases included are histologically well-defined as c-aABMR 
and have all received a similar treatment schedule with a largely similar basic immune suppressive regime 
consisting of a calcineurin inhibitor and mycophenolate mofetil. The uniform treatment schedule in this 
study is also a limitation as other treatment regimens may show different relations for outcome with 
clinical variables and Banff scores. In support of our findings, the relation between interstitial fibrosis and 
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graft survival was also observed in 2 studies with a heterogeneous treatment regimen for c-aABMR16,20. 
This consistency may not be surprising as the degree of interstitial fibrosis is a commonly found predictor 
of progressive loss of diseased native kidneys. However, the degree of microvascular inflammation did 
not predict graft survival, indicating that not inflammation by itself but the resulting interstitial fibrosis is 
the most important feature of chronic humoral rejection. It is therefore of interest to study more closely 
the type and functionality of the graft infiltration immune cells in relation to the degree of interstitial 
fibrosis. Circulating activated immune cells (e.g.NK-cells) poorly correlate with c-aABMR24 but preliminary 
data indicate that in particular an influx of activated CD8 T cells in the interstitium is harmful in this 
respect25.        

The renal biopsies were performed due to a progressive decrease in eGFR which is reflected in the 
high scores for glomerulopathy and microvascular inflammation. It seems therefore likely that milder 
or subclinical forms of c-aABMR  were not included in this study26. Therefore, the associations found 
between Banff lesions, clinical characteristics and graft survival may not apply for those cases and cases 
of acute ABMR. 

In conclusion, the result of this study shows that the degree of interstitial fibrosis, but not the 
indicators of inflammation, is associated with graft survival. These findings may be important for risk 
stratification in clinical trials for c-aABMR and clinical decision making.
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Background. Chronic-active antibody mediated rejection (c-aABMR) is a major contributor to long-term 
kidney allograft loss. We conducted a retrospective analysis to establish the efficacy of treatment with 
intravenous immunoglobulins (IVIG) and pulse methylprednisolone (MP) of patients with c-aABMR.
Methods. Sixty-nine patients, in the period 2005-2017, with the diagnosis (suspicious for) c-aABMR that 
were treated with IVIG and MP were included. Patients were administered three doses of 1g intravenous 
MP combined with a single dose of IVIG (1g/kg body weight). Primary outcome was the decline in allograft 
function one year post treatment. Responders to IVIG-MP therapy were defined by an eGFR one year 
after treatment which was at least 25% above the projected allograft function.
Results. Patients showed an average decline in eGFR of 9.8 ml/min/1.73m2 the year prior to treatment. 
Following treatment, a significant reduction (p<0.001) in eGFR decline was observed (6.3 ml/min/1.73m2). 
Furthermore, a significant improvement in proteinuria was observed upon treatment (p<0.001). Sixty-
two percent (n=43) of the patients were considered a responder and showed considerable slowing of 
graft function deterioration in the year after treatment (p<0.001). Three and 5-year graft survival was 
significantly superior in responders. 
Conclusions. More than 60% of patients with c-aABMR with a progressive decline in eGFR respond 
favorably to treatment with IVIG-MP resulting in a significant improvement of graft survival.
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B A C K G R O U N D

Short-term outcome of kidney transplants has improved significantly due to the introduction of 
calcineurin inhibitors (CNI), induction therapy with T cell depleting agents and IL-2 receptor blocker1-3. 
However, improvement in long-term renal allograft survival still presents a considerable clinical problem4-7. 
In recent years, chronic-active antibody mediated rejection (c-aABMR) has become recognized as one of 
the major barriers for long term renal allograft survival7-9. 

 Advanced c-aABMR often presents itself as a progressive loss of allograft function, in addition 
to progressive proteinuria and hypertension. Renal allograft survival is poor as most patients develop 
allograft failure within 2 years after being diagnosed with c-aABMR7,10-13. It is therefore important to 
find therapeutic options for c-aABMR that are aimed at stabilizing or slowing the decrease in allograft 
function.

Currently, only little is published about the efficacy of treatment after c-aABMR has been 
diagnosed. A number of studies have indicated that the use of rituximab (RTX), tocilizumab, bortezomib, 
intravenous immunoglobulins (IVIG) therapy and/or plasmapheresis (PP), may favorably attenuate 
the loss of allograft function in patients with chronic ABMR with or without transplant glomerulopathy 
(TG)14-19. However, these studies were uncontrolled and conducted with small numbers of patients over 
relatively short periods of time. The recently published, first and only randomized, placebo-controlled 
trial in late ABMR (BORTEJECT), showed disappointing results upon treatment with bortezomib as no 
improvement in eGFR loss was achieved20. 

Our renal transplant center has, in the last decade, adopted the policy to treat patients with 
c-aABMR with a single course of IVIG and pulse intravenous MP based on favorable initial results. In this 
study we retrospectively analyzed the efficacy of this therapy in a group of c-aABMR patients.
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Study population.
We retrospectively identified renal transplant recipients with biopsy proven (suspicious for) c-aABMR 
at the Erasmus Medical Center between January 2005 and January 2017. Patients were identified from 
the pathology database at our center. A total of 167 patients were found eligible for inclusion (Figure 1). 
Patients with c-aABMR diagnosed at least one year after transplantation were eligible for evaluation of 
the effect of IVIG-MP treatment on the progressive decrease in graft function. The inclusion criteria were 
treatment with three doses of 1 gram intravenous MP over a 3 day period combined with a single dose 
of IVIG (1 g/kg body weight) and sufficient data (see below) on allograft function for analysis and if no 
additional treatment was given (e.g. Alemtuzumab, Anti-thymocyte globulin). Sixty-nine patients were 
found eligible and were included as cases. Additionally, a historical patient group (n=27) was identified 
that did not receive any additional treatment upon c-aABMR diagnosis. Most of these patients were 
diagnosed with c-aABMR before adaptation of the local treatment guideline for c-aABMR in 2008. 
All renal biopsies were for cause and evaluated at time of biopsy by an experienced renal pathologist 
based on the then current Banff classification21-25. Alternative diagnoses for the histomorphological 
changes compatible with c-aABMR such as membranoproliferative glomerulonephritis (MPGN) or 
(chronic) thrombotic microangiopathy (cTMA) were excluded, either by immunofluorescence or clinical 
analysis.

This retrospective study was reviewed and approved by the Institutional Ethics Committee from the 
Erasmus MC, Rotterdam, The Netherlands. 

Figure 1. Patient selection flow chart.
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Data collection.
Demographic and baseline transplantation characteristics were collected for all patients, as well as data on 
renal allograft function and proteinuria. Renal allograft function was assessed on the basis of estimated 
glomerular filtration rate (eGFR) by means of modification of diet in renal disease (MDRD)26. All eGFR 
measurements sampled during outpatient clinic visits in the year prior to and year post diagnosis and/
or treatment with IVIG-MP were included. Measurements taken during hospitalization were omitted from 
analysis to minimize bias due to, for example, the admission of intravenous fluids, infection, etc. Patients 
needed at least 7 measurements of eGFR at regular intervals in the year before and after treatment with 
IVIG-MP. This was considered the minimal number of data to perform multilevel statistical analysis (see 
below). Allograft failure was defined as the need for dialysis or kidney re-transplantation. 

Similarly, data on proteinuria was collected also with a minimum of 7 measurements at regular 
intervals in the year before and after treatment with IVIG-MP.

Statistical analysis.
Normally distributed data are expressed as mean +/- SD, non-normally distributed data as median (IQR/
range). A P-value of less than 0.05 was considered statistically significant. All statistical analysis were 
performed using the R statistical programming environment and SPSS software version 21.

The primary outcome of this study was the efficacy of IVIG-MP therapy on allograft function in the 
first year after treatment. This was analyzed by 2 different strategies. First, the treatment efficacy was 
explored by means of multilevel analysis. This model allows for the detection of a change in allograft 
function based on the statistical analysis of longitudinal data with intercept, slope and number of 
observations varying across all patients. It is considered a successful method for providing a reliable 
estimate of change in allograft function over time27. This type of analysis shows the statistical significance 
of the impact of IVIG-MP treatment for the whole group of patients.

Secondly, all cases were classified as either responder or non-responder. In order to stratify 
patients we determined the slope of allograft deterioration for each individual patient. Based on their 
slope  1 year prior to diagnosis, a projection was made for their predicted graft function one year after 
diagnosis. Patients with a measured eGFR at one year after treatment of at least 25% above the projected 
eGFR were classified as responder.  To verify whether this stratification is warranted, additional multilevel 
analysis was performed for the responders as a group and the non-responders as a group. Graft survival 
censored for death after IVIG-MP treatment was calculated using Kaplan-Meier curves and log rank 
statistics. The efficacy of the IVIG-MP treatment on proteinuria was analyzed similarly. The clinical and 
demographical characteristics of responders and non-responders were compared using unpaired t test 
for continuous variables, Mann Whitney U test for ordinal variables and Chi-squared or Fisher exact test 
for categorical variables. 
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Patient characteristics.
The demographic and clinical characteristics for the 69 cases at time of for-cause biopsy are summarized 
in table 1. On average patients were 53 years old and a majority was transplanted with a living donor 
kidney (75%). The maintenance immunosuppressive regimen predominantly consisted of double 
immunosuppression with a combination of tacrolimus and mycophenolate mofetil. Steroids were used 
in less than half of the patients (46%). 

Time to biopsy from the moment of transplantation showed a median of 6.3 years (2.8-9.2 years). 
Patients had a median eGFR of 34 mL/min/1.73m2 and 230 mg/mmol proteinuria at time of renal biopsy. 
No deaths occurred within the first year of follow-up. 

Table 1. Clinical and demographic characteristics (record at time of c-aABMR diagnosis). 

Total
(n=69)

Responders
(n=43)

Non-Responders
(n=26) p-value

Women, n (%) 25 (36) 14 (48) 11 (42) 0.41

Age of patient, yr, median (IQR) 53 (42-66) 54 (42-66) 52 (42-62) 0.40

Living donor, n (%) 52 (75) 35 (81) 17 (65) 0.14

Prior kidney transplant, n (%) 17 (25) 10 (23) 7 (27) 0.73

Donor age, yr, median (IQR) 50 (41-57) 53 (43-61) 47(40-52) 0.05

PRA current, median (IQR) 0 (0-4) 0 (0-4) 0 (0-5) 0.79

HLA mismatch, median (IQR) 3 (2-4) 3 (2-4) 3 (3-4) 0.24

Maintenance immunosuppression, n (%)
• Tacrolimus/cyclosporine
• mTOR inhibitor 
• Steroids 
• Mycophenolate mofetil 
• Other

57 (83)
6 (9)
32 (46)
59 (86)
2 (3)

37 (86)
3 (7)
22 (51)
37 (86)
0 (0)

20 (77)
3 (12)
10 (38)
22 (85)
2 (8)

>0.05

Maintenance immunosuppression, n (%)
• Triple immunosuppression
• Double immunosuppression
• Single immunosuppression

21 (30)
44 (64)
4 (6)

15 (35)
25 (58)
3 (7)

6 (23)
19 (73)
1 (4)

0.58

Primary kidney disease, n (%)
• Diabetic nephropathy
• Hypertensive nephropathy
• Polycystic kidney disease
• Primary glomerulopathy
• Reflux nephropathy
• Chronic pyelonephritis
• Other
• Unknown

7 (10)
9 (13)
8 (12)
19 (28)
5 (7)
3 (4)
15 (22)
3 (4)

5 (12)
5 (12)
4 (9)
12 (28)
2 (5)
1 (2)
12 (28)
2 (5)

2 (7)
4 (15)
4 (15)
7 (27)
3 (12)
2 (7)
3 (12)
1 (4)

0.65

Time to c-aABMR, yr, median (IQR) 6.3 (2.8-9.2) 6.1 (2.7-8.9) 6.5 (3.6-10.5) 0.32

eGFR (ml/min/1.73m2), mean (SD) 34 (±2.0) 33 (±2.5) 36 (±3.4) 0.15

eGFR measurements, n, median (IQR) 19 (14-24) 18 (13-22) 19 (15-26) 0.51

Proteinuria (mg/mmol), mean (SD) 230 (157-302) 219 (108-329) 250 (178-323) 0.69
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Renal allograft function and response to IVIG-MP treatment.
Renal allograft function of the 69 patients treated with IVIG-MP declined from an average eGFR of 44 ml/
min/1.73m2 at 1 year prior to therapy to 34 ml/min/1.73m2 at time of treatment (t0, IVIG-MP treatment). 
The year after treatment, allograft function further declined to 28 ml/min/1.73m2. The course of eGFR is 
illustrated in Figure 2a. The calculated average decline in eGFR of 6.3 (5.3-7.3) ml/min/1.73m2 in the year 
after IVIG-MP treatment was significantly less than the average decline of 9.8 (8.9-10.8) ml/min/1.73m2 in 
the year prior to treatment (multilevel analysis, p<0.001).

Sixty-two percent of patients (n=43) had an eGFR one year after treatment of at least 25% above 
the projected eGFR and were categorized as responders. Figure 3 shows typical examples of a non-
responder (fig. 3a), a responder showing a significant slowing of progressive eGFR loss (fig. 3b) and a 
responder with a stabilization of renal function after treatment (fig. 3c). The latter 2 patterns of response 
were most frequent as improvement of eGFR within the year after treatment was usually not observed. 

Figure 2. a) Renal allograft function and response to therapy. The renal allograft function of the 69 patients one year before and one 
year after IVIG-MP treatment (t0). *Calculated average decline in eGFR of 9.8 ml/min/1.73m2 (p<0.001) **Calculated average decline in 
eGFR of 6.3 ml/min/1.73m2 (p<0.001) ***change in slope of renal allograft function in the year before and after treatment (p<0.001). 
b) Renal allograft function and response to therapy of the responders. The renal allograft function of the 43 cases one year before 
and one year after IVIG-MP treatment (t 0). *Calculated average decline in eGFR of 10.3 ml/min/1.73m2 (p<0.001), **Calculated average 
decline in eGFR of 2.0 ml/min/1.73m2 (p<0.001), ***change in renal allograft function (p<0.001). c) Renal allograft function and response 
to therapy of non-responders. The renal allograft function of the 26 patients one year before and one year after IVIG-MP treatment 
(t0). *Calculated average decline in eGFR of 9.1 ml/min/1.73m2 (p<0.001) **Calculated average decline in eGFR of 12.0 ml/min/1.73m2 

(p<0.001).
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As a group, the responders had a decline in allograft function from an eGFR of 43 ml/min/1.73m2 
1 year prior to treatment to 33 ml/min/1.73m2 at time of treatment (decline in eGFR; 10.3 (9.2-11.5) ml/
min/1.73m2). The calculated average decline in eGFR after IVIG-MP treatment was 2.0 (0.9-3.4) ml/
min/1.73m2 (fig 2b). The non-responders (n=26) showed an average decline in eGFR from 45 ml/
min/1.73m2 1 year prior to treatment to 36 ml/min/1.73m2 at time of treatment (decline in eGFR; 9.1 (7.6-
10.6) ml/min/1.73m2) which was similar to the group of responders. The allograft function in the year prior 
to treatment did not differ between responders and non-responders (p=0.19). In non-responders eGFR 
declined to 24 ml/min/1.73m2 1 year after treatment (fig 2c; decline in eGFR 12.0 (10.6-13.5) ml/min/1.73m2). 

Similar to the treated patients, eGFR loss was calculated in the untreated historic patient group 
(n=27) before and after the diagnosis. The average decline in eGFR was 11.3 (9.5-13.0) ml/min/1.73m2 
and 9.7 (7.9-11.6) ml/min/1.73m2 respectively, with no significant change in graft function (p=0.33). These 
values are in range with the decline in eGFR prior to diagnosis in patients treated with IVIG-MP and in 
accordance with the unfavorable prognosis of c-aABMR as described in literature12.

Figure 3. Patterns of response to treatment with IVIG-MP for c-aABMR related progressive loss of renal function. a) Typical example of 
a non-responder; b) typical example of a responder with significant slowing of the progressive decline in eGFR; c) typical example of a 
responder with stabilization of the renal allograft function after treatment.



141

Chapter 8

TREATMENT WITH INTRAVENOUS IMMUNOGLOBULINS AND 
METHYLPREDNISOLONE MAY SIGNIFICANTLY DECREASE LOSS OF 

RENAL FUNCTIONIN CHRONIC-ACTIVE ANTIBODY-MEDIATED REJECTION

Renal allograft survival after IVIG-MP treatment.
Three patients (non-responders) out of the 69 treated patients showed relentless progression of disease 
to graft failure and returned to dialysis within the first year after IVIG-MP administration. The graft 
survival censored for death after c-aABMR diagnosis for the responders and non-responders is shown 
in figure 4. The responders had a significantly improved graft survival with a mean survival of 5.9 (4.5-
7.2) year versus 3.1 (2.4 -3.8) year for the non-responders (p=0.003). Graft survival was similar for non-
responders and the historic untreated patient group (p=0.94). 

Graft survival after c-aABMR diagnosis at 1, 3 and 5 years was 100%, 75% and 59%, respectively 
in the group of responders versus 89%, 57% and 20% for the non-responders. The group of untreated 
patients had similar survival to the non-responders with 74%, 38% and 33%, respectively.

Figure 4. Kaplan-Meier curves for renal graft survival censored for death for responders (n=43) versus non-responders (n=26) (log 
rank; p=0.003).

Difference between responders and non-responders in relation to clinical variables.
Of all clinical variables, only age of the donor was found to be significantly different between responders 
and non-responders (table 1). On average responders had a slightly older donor than non-responders (53 
vs. 47 years; p=0.046). However, responders more often received a kidney from a living donor although 
this was not statistically significant (81% vs. 65%; p=0.14). There was no difference in HLA mismatch nor 
whether the patient has received a previous kidney transplant.

Renal allograft function at time of c-aABMR diagnosis was similar as was proteinuria between 
the 2 patient groups (p=0.15; p=0.69). The 2 groups received comparable immunosuppressive therapy, 
both in number and type of treatment. Over 85 percent of patients received mycophenolate mofetil as 
maintenance immunosuppression in addition to a calcineurin inhibitor in over 80 percent of patients.
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Proeinuria and response to IVIG-MP treatment.
Effect of treatment on proteinuria was analyzed and compared for 41 patients. Sufficient data for statistical 
analysis was missing for the remaining 28 patients. On average IVIG-MP therapy was associated with 
a decrease in proteinuria level the first year after administration. Proteinuria initially increased in the 
41 patients from 75 mg/mmol 1 year before therapy to 229 mg/mmol at time of treatment (fig 5). In 
the year after treatment with IVIG-MP, proteinuria declined from 229 mg/mmol to 190 mg/mmol. The 
calculated average decline in proteinuria of 39 (1-79) mg/mmol the first year after IVIG-MP treatment 
differed significantly (p<0.001) from the average increase in proteinuria of 154 (117-192) mg/mmol in the 
year before treatment. Of the 41 treated patients, 25 were previously classified as responders and 16 as 
non-responders. Although both groups showed a significant response to treatment (<0.001), the non-
responders showed a near stabilization of proteinuria, whereas the responders had a decrease of 92 mg/
mmol in the year after treatment (fig 5).

At time of treatment, 44% (n=18) of patients were on anti-proteinuric treatment with either an ACE 
inhibitor and/or ARBs. Anti-proteinuric treatment was initiated in 15% of patients (n=6) shortly after IVIG-
MP treatment and treatment was stopped for 1 patients. The remaining patients had no additional form 
of anti-proteinuric treatment (39%, n=16).   

Figure 5. Proteinuria one year before and one year after IVIG-MP treatment (t0). Calculated average proteinuria of the whole group of 
treated patients (n=41; bold line) and both responders (n=25; continuous line) and non-responders (n=16; dotted line).
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Chronic-active Antibody Mediated Rejection (c-aABMR) is an important cause of renal allograft 
dysfunction over time, often presenting as a continuous decline in allograft function, either with or 
without proteinuria7,9-13. Despite the growing awareness of the clinical significance, there is no consensus 
on an effective therapeutic regimen for patients with c-aABMR 28,29. Our data show that IVIG-MP treatment 
of patients with c-aABMR has the potential to significantly slow the progression of eGFR loss within the 
first year after IVIG-MP administration. 

There have been several studies published on the therapeutic approach of late or chronic ABMR. 
The majority of these case-series report about their experience with known desensitization protocols 
in various combinations (IVIG, plasmapheresis, rituximab, tocilizumab)16,18,19,30-32. Although the results are 
inconsistent, several studies have shown a positive effect of therapy within the first year after treatment 
which translated in improved allograft survival. Other studies have shown that treatment (IVIG-rituximab) 
for chronic ABMR does not seem to alter the progression of decrease in allograft function19. 
Problematic in the afore mentioned studies are the relatively small number of cases, the heterogeneity 
in additional immune suppressive treatment and often the lack of thorough statistical analysis of loss of 
allograft function over time. Only recently the first randomized, placebo-controlled trial for late ABMR was 
published using bortezomib in the treatment arm. Unfortunately, allograft function did not significantly 
differ between the control and treatment arm20.

In the current study, we analyzed a group of patients with c-aABMR. Overall, there was a significant 
decrease in eGFR loss when the decline in graft function in the year before treatment was compared 
to the decrease in graft function the year after treatment. However, it was clear that the response to 
treatment was heterogeneous while in about 2/3 of treated patients a significant treatment response 
was achieved. The remaining patients had a relatively unchanged loss of eGFR after treatment. The 
treatment effect in the responders translated in improved graft survival which was nearly double of that 
of the non-responders. Of interest is that both allograft function and survival were similar in the non-
responders and the historic untreated group of c-aABMR patients. 

This study has some obvious limitations. The study is retrospective in nature allowing for unknown 
bias due to a selection of patients with a for-cause biopsy. It also excludes the possibility of a uniform 
schedule of, for example, maintenance immunosuppression. It does however, allow for a proper analyses 
of the decline in allograft function. The multivariate analysis allows each treated patient to be its own 
control comparing the eGFR loss before and after treatment, strengthening our finding that IVIG-MP 
seems to be beneficial in diminishing eGFR loss caused by c-aABMR. And although the studied population 
is relatively small, it is to date, one of the larger patient groups who have had a similar treatment regimen 
after the diagnosis of c-aABMR. In addition, significant response to treatment was unmistakable in some 
patients as shown in the figures.
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In conclusion, immunosuppressive therapy with IVIG-MP may significantly slow eGFR loss in a substantial 
proportion of patients with c-aABMR leading to improved graft survival. As c-aABMR is now recognized 
as a major cause of long term renal allograft loss, the efficacy of IVIG-MP treatment is an important and 
hopeful finding. 
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TREATMENT WITH INTRAVENOUS IMMUNOGLOBULINS AND 
METHYLPREDNISOLONE MAY SIGNIFICANTLY DECREASE LOSS OF 

RENAL FUNCTIONIN CHRONIC-ACTIVE ANTIBODY-MEDIATED REJECTION

Supplementary Table 1. Clinical and demographic characteristics of cases and historic controls. 

Total (n=69) Historic control (n=27) p-value

Women, n (%) 25 (36) 16 (59) 0.04

Age of patient, yr, median (IQR) 53 (42-66) 51 (28-58) 0.06

Living donor, n (%) 52 (75) 16 (64) 0.28

Prior kidney transplant, n (%) 17 (25) 9 (33) 0.28

Donor age, yr, median (IQR) 50 (41-57) 49 (40-54) 0.75

PRA current, median (IQR) 0 (0-4) 4 (0-44) 0.06

HLA mismatch, median (IQR) 3 (2-4) 3 (2-4) 0.20

Maintenance immunosuppression, n (%)
• Tacrolimus/cyclosporine
• mTOR inhibitor 
• Steroids 
• Mycophenolate mofetil 
• Other

57 (83)
6 (9)
32 (46)
59 (86)
2 (3)

15 (63)
2 (8)
15 (63)
18 (69)
2 (8)

>0.05

Maintenance immunosuppression, n (%)
• Triple immunosuppression
• Double immunosuppression
• Single immunosuppression

21 (30)
44 (64)
4 (6)

4 (15)
20 (75)
0 (0)

0.16

Primary kidney disease, n (%)
• Diabetic nephropathy
• Hypertensive nephropathy
• Polycystic kidney disease
• Primary glomerulopathy
• Reflux nephropathy
• Chronic pyelonephritis
• Other
• Unknown

7 (10)
9 (13)
8 (12)
19 (28)
5 (7)
3 (4)
15 (22)
3 (4)

1 (4)
4 (15)
4 (15)
6 (22)
1 (4)
1 (4)
5 (18)
5 (18)

0.48

Time to c-aABMR, yr, median (IQR) 6.3 (2.8-9.2) 5.5 (2.5-8.9) 0.82

eGFR (ml/min/1.73m2), mean (SD) 34 (±2.0) 31(±2.0) 0.37

eGFR measurements, n, median (IQR) 19 (14-24) 17 (13-21) 0.67

Proteinuria (mg/mmol), mean (SD) 230 (157-302) - -
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G E N E R A L  D I S C U S S I O N        
 
In recent years, chronic-active antibody-mediated rejection (c-aABMR) has been recognized as a 
significant late complication after renal transplantation. Most importantly, c-aABMR  is one of the major 
limiting factors for successful long term renal allograft survival1.

Once the diagnosis is established by renal biopsy, c-aABMR usually leads to progressive 
deterioration in graft function with subsequent graft loss approximately 2-3 years after diagnosis2-4. 
The Banff Classification of Kidney Allograft Pathology has reached consensus with respect to the criteria 
for the diagnosis of c-aABMR. The criteria comprise the presence of microvascular inflammation, signs 
of chronic damage to the endothelium, evidence for the involvement of donor-specific antibodies in the 
pathogenesis or a molecular signature of genes associated with antibody mediated rejection. 

Despite the importance of c-aABMR, there are still major gaps in our understanding of this 
condition. For instance, the efficacy of current treatment options, the necessity of donor-specific anti-
HLA antibodies for the diagnosis and the factors that are associated with the rate of eGFR loss and 
response to therapy are still a matter of debate. 

The goal of this thesis was to address these issues, thereby extending our knowledge on c-aABMR 
and provide a better understanding of how to diagnose and treat this detrimental condition.

The currently broadly accepted pathophysiological mechanism of c-aABMR is that ongoing damage 
to the transplanted kidney occurs via continuous activation of endothelial cells through donor specific 
anti-HLA antibodies. In recent years, there has been a growing amount of data in support of the potential 
pathogenicity of these type of anti-HLA antibodies5. Both pretransplant DSA and de novo DSA, DSA 
formed after transplantation, are considered risk factors for reduced allograft survival6. Therefore current 
guidelines strongly advise to systematically monitor anti-HLA antibodies throughout the transplantation 
process, taking into account both pretransplant DSA and de novo DSA5. Whether this is necessary and 
beneficial for the patient remains debatable. 

Chapter 2 provides a thorough analysis of the effect of pretransplant DSA in the Rotterdam renal transplant 
population, transplanted between 1995 and 2005. The histological diagnoses of the renal biopsies 
performed in these patients were combined with the data on pretransplant DSA. The results showed 
that the presence of pre-transplant DSA in renal transplant recipients is associated with increased risk 
for the development of antibody-mediated rejection and graft loss. This is in line with previous literature 
illustrating the importance of pretransplant DSA6-8. However, the presence of (pretransplant) DSA remains 
of limited value for the risk stratification of the individual patient as the graft survival is unaffected in 
the majority of cases. Not all anti-HLA antibodies are considered equally pathogenic and will lead to 
the development of (c-a)ABMR9-12. Various DSA characteristics such as  type of antigen, specificity, IgG 
subclasses and complement binding capacity, as well as time of development and the level of humoral 
response are of influence on outcome9,13-15. Particularly class II HLA mismatches have been shown to be 
strong predictors of transplant glomerulopathy development16,17. DR, DQ and DP are HLA class II antigens 
that exist on antigen-presenting cells and renal endothelial cells. They are potentially upregulated or 
expressed after inflammatory episodes such as infection, rejection or ischemia-reperfusion injury9,10,13,18. 
This process explains the increased incidence of HLA class II antibodies, particularly DQ antibodies, as 
de novo DSA. 
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Recent studies have provided a more detailed characterization of HLA antibodies allowing for a 
more refined prediction of distinct phenotypes of ABMR and the corresponding clinical course19. However, 
effective stratification of the patient’s immunological risk is still not possible and an important type of 
primary prevention of c-aABMR lies in limiting the risks, e.g. by performing transplantations without 
pretransplant DSA. With a growing amount of retransplantations and an increasing number of sensitized 
kidney transplant recipients, it is more and more challenging to perform such transplantations. Chapter 2 
provides evidence for the fact that pretransplant DSA in the recipient seem to be particularly detrimental 
in patients with a deceased donor kidney transplant. This knowledge should be taken into consideration 
when a deceased donor kidney is available for a recipient. The data contribute to future risk stratification 
and the use of desensitization protocols. 

Chapter 3 elaborates on the importance of DSA as a diagnostic criterion in c-aABMR. To date, the detection 
of DSA in serum has remained a cornerstone for the diagnosis of c-aABMR since the recognition of the 
disease in the Banff classification of 200520. In recent years however, we have faced a challenging 
situation in which clinical practice has revealed a group of patients with DSA negative c-aABMR. Up to 50% 
of patients do not have detectable DSA in their serum at time of biopsy whilst meeting other c-aABMR 
criteria, both clinically and histologically. Therefore these patients cannot be diagnosed with c-aABMR 
according to the Banff classification21,22. A similar phenomenon was evident when positive C4d staining 
was considered crucial for the diagnosis of (c-a)ABMR. Nevertheless, over time, C4d-negative c-aABMR 
became more and more accepted as mounting evidence proved its existence23-25. The increasing evidence 
led to an alteration in Banff classification and was considered to be the first step in acknowledging the 
heterogeneity in (c-a)ABMR presentation. 

To address this new predicament brought about by the Banff classification, the study in chapter 
3 compares clinical and histological characteristics of DSA positive and DSA negative c-aABMR patients. 
The study demonstrates that DSA negative c-aABMR does not differ histologically or clinically from 
DSA positive c-aABMR and has similar graft survival. It is the first study in its nature challenging the 
significance of detectable DSA in c-aABMR patients at time of biopsy. Recently our findings were 
confirmed in a study by Parajuli et al. in which outcome and response to treatment were similar between 
DSA positive and DSA negative ABMR patients26. The presented data indicated an essential role for MVI, 
rather than the presence of DSA, in the diagnosis of ABMR. Disputing these data is a large cohort study 
published by Senev et al. where they compare patients fulfilling the histological criteria for ABMR with 
and without the presence of DSA27. Senev et al. found that graft survival was significantly superior in DSA 
negative patients with ABMR histology compared to DSA positive patients. In addition, they claim that 
early ABMR histology in the absence of DSA is often a transient phenomenon. Based on the presented 
data they conclude that, for predicting outcome in renal transplant recipients, the presence of DSA is 
more important than ABMR histology.

The difference in design in the afore mentioned studies is a large contributing factor to the 
discrepancy in outcome and ultimately drawn conclusions. Senev et al. evaluated biopsies early after 
transplantation in an unselected population whereas our study and that of Parajuli et al. included cases 
with signs of graft deterioration late after transplantation, thus focusing on chronic ABMR. The chosen 
study design allows for different viewpoints on DSA negative ABMR patients. However, of essence is the 
acknowledgement of the existence of DSA negative (c-a)ABMR in each of the above mentioned studies.
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The study presented in chapter 3 does not dismiss the significance of DSA during transplantation, it 
merely stresses the heterogeneity of c-aABMR presentation and the possible misconceptions at time of 
diagnosis due to current Banff classification. Excluding the diagnosis of c-aABMR when DSA are absent 
is not supported by the current clinical data and is not of benefit for the patient as potential treatment 
options may not be given. To date, nearly all clinical trials investigating the treatment of c-aABMR 
exclude DSA negative cases, disregarding a significant proportion of potential patients who might benefit 
from therapy28-33. It was Halloran et al. who first described the distinct subphenotypes present in ABMR, 
suggesting a classification system in which a description of the histological characteristics form the 
basis of the diagnosis34. The compilation of histological characteristics and clinical presentation should 
form the foundation for therapeutic decision making in renal transplant rejection rather than strict Banff 
classification. By increasing awareness on the existence of DSA negative ABMR and endorsing further 
research on this topic, transplant professionals will be able to improve their ability to recognize and treat 
these patients accordingly. 

Chapter 4 focuses on tacrolimus intra-patient variability and its association to c-aABMR. Currently, it is 
hypothesized that high Tac IPV is a potential risk factor and contributor to the development of c-aABMR. 
However, these conclusions are inferred from data on IPV and the development of DSA, and data on the 
association of DSA with c-aABMR.

Previous research has identified high Tac IPV, a substitute for therapeutic nonadherence, as a 
contributor to the development of de novo DSA7,35-37. In turn de novo DSA have been recognized as an 
important risk factor to the development of chronic-active antibody-mediated rejection7,9,13,37,38. In addition, 
evidence has been provided for an association between high intra-patient variability in tacrolimus 
trough levels and inferior graft survival39,40. These data combined have caused speculation concerning 
sub-therapeutic exposure to tacrolimus as a potential contributor to the development of c-aABMR. We 
therefore performed a case-control study in which the intra-patient variability of c-aABMR patients was 
compared to matched controls. The Tac IPV was measured for all patients over a period of 3 years. The 
results showed similar intra-patient variability in tacrolimus for both cases, patients with c-aABMR, and 
matched controls. Of interest, survival analysis revealed inferior graft outcomes in patients with c-aABMR 
and high tacrolimus IPV. In conclusion, the findings in chapter 4 do not support the general notion that 
high Tac IPV, and thus potentially nonadherence, is a significant contributor to the development of 
c-aABMR but it is a risk factor for inferior graft outcome in these patients. These results are in line with 
data published by Halloran et al. They provide evidence for an association between nonadherence and 
early rejection rather than c-aABMR34.   

A potential key factor in understanding the association of reduced graft survival and high IPV may 
be the development of interstitial fibrosis and tubular atrophy (IFTA). It was Vanhove et al. who reported 
an association of high Tac IPV and chronic allograft damage in the form of IFTA41. Over time all kidney 
disease will lead to IFTA, which in turn is strongly associated with functional deterioration of the graft 
and poor long term prognosis42,43. As previous studies concerning Tac IPV have focused on composite 
endpoints rather than c-aABMR specifically, the poor graft outcomes might represent progression of any 
disease entity. Of interest are the studies that have identified DSA as an independent risk factor for the 
progression of IFTA44. Circulating DSA were found to contribute to an accelerated development of IFTA, 
specifically over the long term, independent of whether or not ABMR developed45. In turn, a multitude of 
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studies have linked the development of dnDSA to high Tac IPV potentially elucidating the data presented 
by Vanhove et al.36,41,46,47. 

The underlying mechanism is thought to be the chronic activation of endothelial cells through the 
binding of anti-HLA DSA triggering irreparable structural changes and functional abnormalities resulting 
in tubulointerstitial fibrosis. Experimental models support the view that endothelial cells contribute to 
interstitial fibroblasts through the process of endothelial to mesenchymal transition (EndoMT) resulting 
in excessive deposition of interstitial collagens44,48. The mechanism entails a complex process in which 
endothelial cells lose their specific markers and change their phenotype to match that of mesenchymal 
or myofibroblastic cells expressing markers such as type I collagen48. Furthermore, the cells acquire the 
capacity of travel, allowing for migration into surrounding tissue. Numerous studies have demonstrated 
the potentially crucial mechanism of EndoMT leading to pathological fibrosis in cardiac, pulmonary and 
renal disorders49-52. 

Further research into the crosstalk between these cells and (non-) HLA antibodies would better 
improve our understanding of the pathophysiological mechanisms leading to IFTA, its connection to (c-a)
ABMR and poor allograft survival. 

The histologic findings involving chronic damage and inflammation in the glomeruli and peritubular 
capillaries have remained of key importance for the diagnosis of c-aABMR. However, little is known about 
the exact phenotype of the immune cells in the biopsy and serum of these patients. To date several 
phenotypic and molecular studies have focused on the presence of B cells, monocytes or NK cells. 
However, these studies target single cell presence and focus on acute active ABMR rather than chronic 
active ABMR. In chapter 5 and 6 we explore the diverse presence of immune cells in both the peripheral 
blood and in the renal graft biopsy of patients with c-aABMR.

Chapter 5 provides an in-depth analysis on the distribution of different immune cell populations and 
their activation state in the peripheral blood of c-aABMR patients compared to matched controls. In an 
effort to find a potential non-invasive biomarker for c-aABMR, we found similar distribution of NK-cells, 
B cells and T cells. The overall percentage of monocytes was increased for c-aABMR patients and subtle 
differences were visible in the expression profile of activation markers of circulating monocytes and NK 
cells. Unfortunately, these differences were not substantial enough to serve as a potential biomarker in 
clinical practice. However, as both monocytes and NK cells have been previously marked as potential 
important players in the development of c-aABMR, our findings are of importance as they underline this 
notion53-58. Monocytes have been demonstrated to contribute to worse graft outcome in patients with 
c-aABMR through the release and regulation of inflammatory mediators and cytokines59. For NK cells 
however, several groups have proposed a pathophysiological model for ABMR in which they play an 
important role in the activation of endothelial cells through CD16 engagement to DSA55,60. Therefore, of 
particular interest was the observed phenomenon of increased CD16 expression on NK cells, evident in the 
c-aABMR patients. This finding endorses the possibility of an antibody-dependent cellular cytotoxicity 
(ADCC) pathway as a contributing mechanism to the development of c-aABMR. The triggering of CD16a 
(FcγRIIIΑ) causes release of cytokines and cytotoxic molecules inducing injury and endothelial cell 
apoptosis 53,61-64. Koenig et al. recently emphasized another potentially significant mechanistic pathway 
involving NK cells in chronic rejection. They provided evidence for the direct activation of NK cells by 
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graft endothelial cells through a missing self-trigger65. Due to the difference in HLA class I molecules, the 
endothelial cells lack the ability to deliver inhibitory signals to the NK cells leading to damage. 

Our data showed no difference in percentage of circulating T cells, differentiation and activation status. 
There was no evidence for a contributory role for activated T cells in c-aABMR. This is in line with results 
published by Parkes et al. They postulated that CD3/TCR-activated T cells in TCMR and CD16a-activated NK 
cells in ABMR are the mechanisms driving rejection pathogenesis. The mechanisms are comparable but 
with different modes of antigen recognition66. However, the provided data does not exclude a potential 
role for T cells in the pathogenesis of (c-a)ABMR. Parkes et al. demonstrated the expression of identical 
shared transcripts by CD16a-activated NK cells and CD3/TCR-activated T cells in biopsies with ABMR and 
TCMR. The approach by Parkes et al. lacks the ability to determine the proportion of transcript expression 
that was derived from either NK cells or T cells in either forms of rejection. In addition, our data signifies 
the presence or absence of activated T cells in the circulations. It cannot exclude a potential scenario in 
which migration of activated T cells to the inflamed graft has taken place54. This possibility is further 
analyzed in chapter 6 of this thesis as we shift our attention from immune cell presence in the serum to 
the immune cell presence in the renal allograft biopsies of patients with c-aABMR. 

Chapter 6 outlines a descriptive paper using a relatively new method of staining, especially in kidney 
transplant biopsies, making it the first detailed paper on the localization and immunophenotypic 
distribution of inflammatory cells in c-aABMR. Through multiplex immunofluorescent staining we 
were able to characterize multiple inflammatory cell types and provide a unique visual representation 
of their composition in the renal allograft biopsies of 20 c-aABMR patients. The technique allowed for 
simultaneous characterization of T cell subtypes, B cells, NK cells and myeloid cells in the glomeruli and 
the tubulointerstitial (TI) compartment. 

Our results showed widespread infiltration of CD8+ T cells and macrophages in both glomerular and 
TI compartment. The absolute presence of macrophages in the TI compartment showed a near significant 
association with inferior graft survival. More importantly, we showed an association between increased 
numbers of interstitial FoxP3+ T cells and decreased graft survival. The presence of FoxP3+ T cells has 
previously been marked as a time-dependent component associated with chronic inflammation and 
IFTA development67. Our data suggest an ongoing immune mediated process with T cell activation as 
an important contributor to poor allograft survival. Recently similar results were published by Calvani 
et al. who investigated the composition of leukocytes in ABMR, TCMR and normal biopsies by means of 
similar multiplex analysis68. They also found CD3+ and CD163+ cells to be the predominant cell types to 
be involved in both forms of rejection consistent with previous studies in the field of transplantation69,70. 
Remarkably, nearly no CD57+ NK cells were present in the allograft biopsies despite previous papers 
reporting on the presence of NK cell transcriptomes marking their significance in the pathogenesis of 
ABMR. The first to describe NK cell presence in ABMR by transcriptomic analyses were hidalgo et al.53 
In addition, in chapter 5 we found evidence for increased NK cell activation in the peripheral blood of 
c-aABMR patients proving the possibility of antibody-dependent cellular cytotoxicity involvement. 

Reason for this discrepancy could be the use of unspecific transcripts for the identification of NK cells. 
Some of the used transcripts are also expressed in T cells and monocytes66,71. Indeed, our data supports 
this possibility by providing evidence for the presence of CD3+CD57+ T cells. These cells could potentially 
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indicate the existence of terminally-differentiated effector CD8+CD57+ cytotoxic T cell, possessing NK 
cell-like properties, in the renal biopsies of c-aABMR patients. Another possible explanation for the 
discrepancy could lie in the notorious difficulties to identify NK cells in tissue. Few markers are specific for 
NK cells as well as the fact that NK cells lose specific markers upon activation72. CD56 is a well-established 
NK cell marker which is lost upon activation and can also be found present on many more immune cells 
such as various T cells, dendritic cells and monocytes73-76. Even though we used CD57 to identify NK cells, 
similar problems arise regarding the specificity of this marker. CD57 is also expressed by T cells, for 
which we corrected by multiple staining with CD3, and only expressed on a distinct subset of functional 
NK cells with increased cytotoxicity77,78. For these reasons Calvani et al. used the membrane marker 
NKp46 which allows for very high specificity NK cell targeting68,79. Nonetheless, similar results were found 
regarding the small number of NK cell presence in biopsies of patients with ABMR. However, due to their 
additional staining using the endothelial marker CD34, they were able to identify a higher density of NK 
cells in the intravascular compartment (both in the glomerular and peritubular capillaries). Similarly, Jung 
et al. demonstrated a higher overall NK cell density in ABMR compared to TCMR or no rejection. According 
to their data CD3- CD56+ CD57+ NK cells were the most predominant subset in transplant biopsies80. These 
data would in fact be consistent with the theory of NK cell recruitment and antibody-dependent cell 
cytotoxicity, suggesting the possibility of an ephemeral encounter between activated NK cells residing in 
the microcirculation rather than migrating to and engaging in inflamed areas like T cells53,66,81.

The remainder of this thesis focused on the more clinical aspects of c-aABMR. As c-aABMR has been 
recognized as an important contributor to graft loss we aimed to identify clinical and/or histomorphological 
parameters in order to further stratify patients for potential future clinical trials or treatment options. The 
prognosis of c-aABMR is very poor, generally leading to graft failure within 2–3 years after diagnosis. 
Currently there are no proven effective treatment options, however, at the Erasmus Medical Center we 
have a local protocol of which we assessed efficacy in chapter 8.

In Chapter 7 we primarily concentrate on the relation between graft survival and histomorphological 
lesions according to the Banff 2015 criteria. We assessed a group of well-defined c-aABMR patients 
with a minimum follow up of 3 years or up to allograft failure. The results demonstrated a significant 
association between decreased graft survival and total inflammation (ti), interstitial fibrosis (ci) and 
chronicity score (tubular atrophy (ct) + ci + ti). We found interstitial fibrosis to be the dominant factor 
associated with inferior graft survival in patients with c-aABMR. It was Patri et al. who generated the 
chronic inflammation score (ct+ci+ti) as an independent risk factor for allograft failure in patients 
with TG2. The prognostic model did not include any acute scores such as glomerulitis or peritubular 
capillaritis, combined characterized as microvascular inflammation (MVI). We too, did not find MVI to be 
significantly associated with graft survival or response to therapy. Of note, the degree of microvascular 
inflammation did not vary substantially in our population preventing proper differentiation of patients 
and further analysis. Previously, some have demonstrated a superior response to therapy in patients 
with higher MVI scores, while others found no effect on graft survival despite a decrease in MVI score 
upon treatment82,83. Sis et al. and Viglietti et al. reported high MVI sum scores to be a strong indicator of 
poor kidney allograft outcomes. However, it is important to realize that the analyzed predication models 
concern graft survival outcome in cases of acute ABMR (with low IFTA scores) rather than chronic acute 
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ABMR84,85. The significance of MVI in c-aABMR lies more in its contribution to the histomorphological 
development and diagnostic purpose than its relation to graft survival25,26. 

Of particular interest was the significant correlation between interstitial fibrosis and inflammation 
scores (inflammation (i) + ti). Combining these data with the results presented in chapter 6, it could be 
hypothesized that the patchy areas of T cell infiltrates cause a persistent inflammatory response leading 
to inflammation of the tubulointerstitial compartment as well as progressive damage to the allografts 
vasculature eventually leading to graft failure86,87. Previous research has stressed the importance 
of these areas which has led to the incorporation of i-IFTA, infiltrated areas of interstitial fibrosis and 
tubular atrophy, into the 2017 Banff meeting report21,88. Further defining the phenotypic profile of these 
infiltrated areas could potentially benefit the stratification of c-aABMR and identify the most harmful 
cell type involved. The fact that interstitial fibrosis is the main prognostic factor suggests that not 
inflammation but the inflicted damage is the most important prognostic marker for c-aABMR. This is 
in line with previous research consistently appointing chronic histomorphological damage as one of 
the most important attributable factors of renal (allograft) insufficiency irrespective of the underlying 
diagnosis42,43,89,90. Unfortunately the indolent yet progressive process of tubulointerstitial fibrosis in 
c-aABMR is one without proven therapeutic interventions. 

In Chapter 8 we discuss the outcome of our renal transplant center’s treatment policy for patients with 
c-aABMR. We provide evidence for the potential beneficial effects of intravenous immunoglobulins and 
methylprednisolone administration by analyzing a homogenous group of c-aABMR patients receiving 
a similar treatment regimen. The study provides evidence for the decrease in progressive eGFR decline 
in c-aABMR patients, with as many as 2/3 of the patients showing a response to therapy in the first 
year following treatment. Previously published results on the therapeutic approach of c-aABMR have 
been very inconsistent and difficult to interpret due to heterogeneity in study population and variation 
in immunosuppressive treatments29-32,91,92. To date, only one randomized, placebo-controlled trial using 
bortezomib for late ABMR has been published with disappointing results28. 

Given the retrospective nature of the paper, one can only speculate on the underlying effector 
mechanism leading to the beneficial results. Despite the fact that no follow up biopsies have been taken, 
it is improbable that the treatment will affect the degree of chronic injury as this is considered irreversible 
damage. However, it could be hypothesized that a short course of immune suppressive therapy briefly 
interjects the ongoing inflammatory process which drives the development of IFTA and other structural 
damages. The treatment allows an extension of the potential life span of the transplanted kidney 
by preventing premature return to dialysis. Indeed, the treatment effect of the patients classified as 
responders was reflected in the significantly improved graft survival. It would be interesting to investigate 
a potentially more effective treatment window, for instance subclinical c-aABMR (before deterioration of 
graft function), and repeated treatment courses with the intention to further extend the grafts durability. 
In order to achieve this, a key factor remains the identification of the earliest stages of c-aABMR before 
permanent damage has been inflicted2,93. Unfortunately, the quest for a biomarker for early detection 
purposes has been highly unsuccessful until now. Furthermore, adequate patient stratification would be 
essential as currently little under 2/3 of the patients show beneficial response to treatment. Our data did 
not allow for the identification of a clinical parameter that would predict a responder.

Another approach to c-aABMR, is one of prevention strategies regarding the minimization of 
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the alloimmune response before or shortly after transplantation. Treatment protocols to minimize 
alloimmune response are scares or come with a series of unwanted effects and optimal HLA matching 
has been proven to be notoriously challenging, if not only due to the shortage of organ donors. However, 
a relatively new and promising approach lies in the matching of HLA epitopes. This strategies allows 
for the consideration of epitopes, which are the immunogenic sites of HLA molecules, rather than the 
standard HLA-A, -B and -DR matching possibly preventing the formation of DSA19.  Whether these 
concepts could prevent the development of c-aABMR remains to be proven17,47,94. Until then our current 
findings indicate treatment potential for c-aABMR making it a subject well worth further investigating. 
Our data are of importance to many transplant centers who leave their patients with c-aABMR untreated 
withholding potential prolongation of graft survival.
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The obtained results described in this thesis could form the basis for potential future research of 
c-aABMR. Identifying biomarkers for either the prediction of c-aABMR development or stratification of 
patients is urgently needed. In addition, further uncovering of the mechanistic pathways of the pathology 
is required for the development of effective therapies for c-aABMR. Elaborating and combining the data 
on immunological cell presence, histomorphological changes over time and clinical presentation could 
potentially further benefit the future perspectives of c-aABMR patients.

A specific topic worth further investigation would be the presence of non-HLA antibodies. In this 
thesis we discuss the possibility of DSA negative c-aABMR and the slow but steady acknowledgement 
of its existence. The absence of DSA and therefor the inability to provide evidence for an underlying 
‘antibody-mediated’ process has sparked a growing interest in the presence of non-HLA antibodies 
and their contribution to rejection. Important was the hallmark paper of Opelz et al95 who demonstrated 
a slow decline in survival curves for HLA-identical-sibling transplants with increased PRA at time 
of transplantation. The increased PRA was explained by the presence of non-HLA antibodies. Their 
finding indicates that incompatibilities for non-HLA might bring about a late immunological response, 
exerting a strong but delayed graft-damaging effect. Several studies since have provided evidence for 
a humoral response against non-HLA in kidney transplantation and an association with inferior long-
term graft survival96-99. For these reasons, it would be of great interest to explore the significance of 
non-HLA presence in patients with c-aABMR. Preliminary data has demonstrated that multiple non-HLA 
antibodies are significantly increased in the serum of c-aABMR patients with a dominant role for the 
autoantibody directed against ARHGDIB. ARHGDIB is an interesting candidate for further research as it 
is strongly expressed in endothelial cells of interlobular arteries, glomerular and peritubular capillaries, 
podocytes and lymphocytes. It should be explored whether ARHGDIB plays a role in the development of 
c-aABMR but also its potential as a stratifying biomarker. 
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S U M M A R Y         
 
Kidney transplantation is the preferred treatment option for patients suffering from end-stage renal 
disease. However, despite having the highest survival benefit for ESRD patients, long-term allograft 
survival is severely hampered by the development of chronic-active antibody-mediated rejection. 
Although c-aABMR has been recognized as an important contributor to late allograft loss by peers in 
the field of transplant nephrology; data regarding the underlying pathophysiological mechanisms and 
contributing factors in the development of c-aABMR are scarce. Research concerning this type of rejection 
is essential as the clinical implications are substantial. Kidney transplant recipients with c-aABMR suffer 
from a significant deterioration in graft function and will eventually lose their renal allograft to this 
condition. With graft loss currently occurring at a median of roughly 2-3 years after diagnosis, c-aABMR 
has unacceptable allograft survival outcomes. Our aptitude to treat c-aABMR is still inadequate and 
needs further improvement. 

In the introduction we review the origin of c-aABMR and the possible underlying effector 
mechanisms in its development. A clear clinical and histological overview of c-aABMR  is provided as well 
as the current treatment options. With this thesis we aim to increase our clinical, histomorphological and 
pathophysiological knowledge concerning c-aABMR. 

The first part of this thesis is focused on the presence of donor-specific antibodies. Chapter 2 
starts with our observations on the role of DSA presence in the Rotterdam kidney transplant population. 
We determined the association between pretransplant DSA and their relation with rejection and graft 
survival. The presence of pretransplant DSA was associated with a greater risk for ABMR development as 
well as graft loss due to ABMR. In addition, antibody-mediated rejection was identified as the dominant 
cause for late graft failure.   

Chapter 3 continues on the subject of DSA. Currently, the presence of DSA is a diagnostic cornerstone and 
still mandatory in order to classify c-aABMR. However, in clinical practice  renal biopsies with a typical 
histology of c-aABMR  but without DSA presence are relatively frequently found. In the Banff 2015 update 
these cases used to be classified as suspicious for c-aABMR. This retrospective study investigates the 
differences between cases suspicious for c-aABMR (DSA negative) and  c-aABMR (DSA positive). Our 
results show that there are no histological or clinical differences between cases with DSA positive or DSA 
negative c-aABMR. In addition, the presence of DSA was not associated with a difference in response to 
therapy or graft survival. The study adds to the ongoing debate regarding the need for DSA to be present 
for the diagnosis of c-aABMR.

Chapter 4 focuses on the frequently hypothesized theory that poor drug-adherence may contribute to 
the development of c-aABMR. Sub-therapeutic immunosuppressive drug exposure, in particular that of 
tacrolimus (Tac), is considered a risk factor for the development of c-aABMR. Intra-patient variability (IPV) 
can be utilized as a substitute marker for non-adherence and/or underexposure. The case-control study 
described in this chapter investigates the association between Tac IPV and the development of c-aABMR. 
We demonstrate that high IPV is not associated with c-aABMR development. Instead, the tacrolimus 
through levels tend to decreased in the years before c-aABMR is diagnosed by renal biopsy. This is 
probably a reaction to the progressive decrease in eGFR initially believed to be calcineurin associated 
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nephrotoxicity. Surprisingly, Tac IPV is associated with inferior graft survival once c-aABMR is diagnosed. 
This finding stresses the importance of adequate adherence to immunosuppressive medication after 
c-aABMR is diagnosed. 

In Chapter 5 and Chapter 6 the presence and characteristics of immune cells in the peripheral blood and 
renal biopsy of patients with c-aABMR were studied. Chapter 5 provides an in-depth analysis into the 
different subsets and activation profiles of circulating T and B cells, NK cells and monocytes to evaluate 
whether they could serve as a potential biomarker. Currently, c-aABMR can be diagnosed solely based 
on a renal biopsy after clinical indication. Hence, there is a vital need for a classifying biomarker that 
may be able to identify c-aABMR before eGFR starts to decline. Early detection and treatment could 
possibly prevent irreversible damage to the renal allograft. In this study, we were unable to pinpoint 
such a biomarker with adequate sensitivity and specificity. However, we did find subtle differences, 
specifically an increased expression of CD16 on NK cells in kidney transplant recipients with c-aABMR. 
The increased expression of CD16 is indicative of antibody-dependent cell-cytotoxicity as a possible 
underlying pathophysiological mechanism of c-aABMR. This mechanism adds to the understanding of 
complement-independent pathways in c-aABMR. 

In Chapter 6 the presence of inflammatory cells in the kidney allograft with c-aABMR is explored. This 
descriptive study provides detailed information on immune cell distribution in c-aABMR and is the first in 
its kind.  Through specific multiplex immunofluorescent staining of the biopsies, we were able to identify 
multiple immune cell types. Analysis showed a predominance of infiltrating T cells and macrophages 
in both the glomeruli and tubulo-interstitial compartment. Of interest was the association between 
increased numbers of interstitial FoxP3+ T cells and inferior graft survival. These data provide an overview 
of the immunophenotypic distribution of immune cells in c-aABMR and point to a prominent role of the 
T cell infiltrate in the interstitium for graft survival.  

The last part of this thesis is a detailed analysis of the graft survival of c-aABMR patients. The 
histomorphological characteristics in relation to survival and response to therapy with intravenous 
immunoglobulins and methylprednisolone (IVIG-MP) are explored in Chapter 7 and Chapter 8. In Chapter 
7 we identify chronic interstitial fibrosis as the main contributor to poor graft survival after c-aABMR 
diagnosis. Chapter 8 focuses on the potential of IVIG-MP to significantly slow down the progression of 
graft deterioration in a majority of c-aABMR patients. These findings are indicative of the significance of 
early c-aABMR identification in order to prevent irreversible graft loss through treatment. 

In the final chapter, Chapter 9, the abovementioned obtained results are discussed in a broader perspective. 
We review potentially contributing factors, clinical significance and underlying pathophysiological 
mechanisms of c-aABMR. The data provide a foundation for further research in order to encourage the 
development of novel treatment regimens, future risk-stratification and early detection of c-aABMR. 

In conclusion, with this thesis, we try to contribute to a better understanding of c-aABMR and create 
awareness for the impact of c-aABMR on long term renal allograft survival.
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N E D E R L A N D S E  S A M E N V AT T I N G  
     
Chronische nierziekte is een wereldwijd probleem met een geschatte prevalentie van 13,4%. De meest 
voorkomende risicofactoren voor het ontstaan van nier problematiek zijn diabetes en hypertensie. 
Patiënten in een vergevorderd stadium van nierinsufficiëntie ontwikkelen uiteindelijk nierfalen. Hierbij 
kan de nier zijn functies niet meer uitvoeren en zal de patiënt nier-vervangende therapie moeten krijgen. 
De behandeling van voorkeur voor deze patiënten is een niertransplantatie. Een niertransplantatie geeft 
behoudens een verminderde mortaliteit ook een verbeterde kwaliteit van leven, in vergelijking met 
patiënten op dialyse. 

In de afgelopen jaren heeft de transplantatie gemeenschap grote stappen gemaakt in het 
verbeteren van de resultaten rondom een niertransplantatie. De verbeteringen zijn voornamelijk 
zichtbaar in de korte termijn overleving van nier transplantaten. Ongelukkigerwijs, zijn de resultaten met 
betrekking tot de lange termijn overleving achter gebleven. 

Een van de voornaamste reden voor het achter blijven van verbeteringen in lange termijn overleving 
is het ontstaan van chronische actieve antilichaam gemedieerde rejectie (c-aABMR) bij niertransplantatie 
patiënten. C-aABMR is recentelijk erkende als een van de grootste bijdragende factoren voor de slechte 
lange termijn resultaten bij nier transplantaties. Patiënten met c-aABMR krijgen te maken met aanzienlijke 
klinische consequenties. C-aABMR uit zich klinisch middels een significant nierfunctie verlies enkele jaren 
na transplantatie. Bij het uitblijven van een stagnatie van de achteruitgang in nierfunctie,  zullen deze 
patiënten gemiddeld 2 tot 3 jaar na c-aABMR diagnose hun nier verliezen. Helaas zijn wij momenteel 
nog niet in staat om deze patiënten een adequate behandeling te bieden om een verslechtering van 
nierfunctie tegen te gaan. Desalniettemin, is er momenteel weinig data beschikbaar met betrekking 
tot onderliggende pathofysiologische werkingsmechanisme en bijdragende risicofactoren voor het 
ontwikkelen van c-aABMR. Onderzoek aangaande dit soort rejectie is essentieel voor het maximaliseren 
van de potentiele levensduur van nier transplantaten.   

In het eerste hoofdstuk van dit proefschrift beschrijven wij de huidige rol van c-aABMR binnen rejectie. 
Wij omschrijven de potentiele onderliggende werkingsmechanismen en de huidige staat van c-aABMR 
behandeling. Het uiteindelijke doel van dit proefschrift is het verbreden en verbeteren van de klinische, 
histomorfologische en pathofysiologische kennis van c-aABMR.

Het eerste deel van dit proefschrift richt zich op de aanwezigheid van donor-specifieke antilichamen (DSA). 
Hoofdstuk 2 beschrijft onze bevindingen met betrekking tot de aanwezigheid van pre-transplantatie DSA 
in de Rotterdamse transplantatie populatie en de invloed op rejectie en transplantaat overleving. De 
aanwezigheid van pretransplantatie DSA is geassocieerd met een verhoogd risico op het ontwikkelen 
van antistof gemedieerde rejectie (ABMR) en daarop volgend transplantaatverlies. Tevens werd ABMR 
geïdentificeerd als de voornaamste oorzaak voor lange termijn transplantaat verlies.

Hoofdstuk 3 gaat door op het onderwerp van DSA. Momenteel is aanwezigheid van DSA een belangrijk 
diagnostisch criterium waaraan voldaan moet worden om de diagnose c-aABMR vast te kunnen stellen. 
In de praktijk worden clinici echter geconfronteerd met het voorkomen van een groep patiënten met 
klinische en histologische kenmerken van c-aABMR in de afwezigheid van DSA. De retrospectieve 
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studie die wordt beschreven in hoofdstuk 3 vergelijkt DSA negatieve c-aABMR patiënten met DSA 
positieve c-aABMR patiënten om de significantie van de aanwezigheid van DSA in het serum te bepalen 
als diagnostisch criterium.  De studie draagt bij aan het huidige debat over de betekenis van DSA 
aanwezigheid voor de diagnose van c-aABMR. De resultaten laten zien dat de 2 groepen patiënten niet 
verschillen in nierfunctie achteruitgang, nier transplantaat overleving of histomorfologische kenmerken. 
De resultaten benadrukken het belang van goede klinische onderkenning en adequaat omschreven 
histologische bevindingen bij patiënten met c-aABMR. Het excluderen van DSA negatieve c-aABMR 
patiënten ondanks passende klinische en histologische kenmerken is sterk af te raden.   

Het volgende hoofdstuk, hoofdstuk 4, richt zich op een veelvuldig voorkomende hypothese over 
de invloed van therapie trouw op het ontstaan van c-aABMR. Het niet adequaat innemen van 
immunosuppressieve medicatie, therapie ontrouw, zou kunnen leiden tot sub-therapeutische medicatie 
expositie. Het berekenen van de intra-patiënt variabiliteit (IPV) kan dienen als vervangende marker voor 
therapie ontrouw en/of inadequate medicatie expositie. Inadequate spiegels van met name tacrolimus 
(Tac) kunnen een risico factor vormen voor enerzijds rejectie en anderzijds nefrotoxiciteit. Er wordt 
verondersteld dat langdurige sub-therapeutische expositie bijdraagt aan het ontstaan van c-aABMR 
door de aanwezigheid van sluimerende activiteit van het immuunsysteem. In deze case-control studie 
onderzoeken wij of er een associatie bestaat tussen de IPV van tacrolimus en het ontwikkelen van 
c-aABMR. De resultaten tonen geen verband tussen een hoge IPV en het ontstaan van c-aABMR enkele 
jaren na transplantatie. Er werd echter wel een associatie gevonden voor hoge IPV bij patiënten met 
c-aABMR en een inferieure transplantaat overleving. Deze bevindingen benadrukken het belang van 
adequate immunosuppressie en de potentiele nadelige gevolgen van therapie ontrouw.

In hoofdstuk 5 en hoofdstuk 6 bestuderen we de aanwezigheid van immuun cellen in het perifere 
bloed en nier biopten van patiënten met c-aABMR. Hoofdstuk 5 biedt een gedetailleerde analyse van 
de verschillende subsets en activatie profielen van circulerende T en B cellen, NK cellen en monocyten. 
Daarbij beoordelen wij de potentie van deze cellen om te dienen als biomarker voor  vroege herkenning 
van patiënten met c-aABMR. Momenteel wordt c-aABMR uitsluitend gediagnosticeerd door middel 
van een biopt indien daar klinisch aanleiding voor is. Dit zorgt ervoor dat patiënten met c-aABMR pas 
geïdentificeerd worden ná significant nierfunctie verlies. Zodoende bestaat er een dringende noodzaak 
voor een classificerende biomarker bij c-aABMR ter voorkoming van reeds permanent aangerichte schade 
in de nier. In deze studie is het ons niet gelukt om een adequate biomarker te vinden. Desalniettemin, lieten 
de resultaten subtiele verschillen zien in de aanwezigheid van monocyten en geactiveerde NK cellen. De 
expressie van CD16 op NK cellen was significant verhoogd bij c-aABMR patiënten wat zou kunnen duiden 
op ‘antilichaam-afhankelijke cel-cytotoxiciteit’ als potentieel onderliggend werkingsmechanisme van 
c-aABMR. Dit resultaat draagt bij aan het doorgronden van het ontstaan van c-aABMR en de bijbehorende 
complement-onafhankelijke mechanismen.  

Hierop vervolgen wij, in hoofdstuk 6, onze analyse van immuun cel aanwezigheid in nier biopten 
van patiënten met c-aABMR. Deze beschrijvende studie verschaft gedetailleerde informatie met 
betrekking tot de immuun cel distributie in het nier transplantaat. Door middel van specifieke multiplex 
immunofluorescentie kleuringen van het biopten hebben wij enkele verschillende immuun cellen 
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geïdentificeerd. Analyse van de data toonde een overweldigende aanwezigheid van infiltrerende T 
cellen en macrofagen in de glomeruli en het tubulo-interstitiële compartiment. Interessant was de 
associatie van een verhoogde aanwezigheid van FoxP3+ T cellen in het tubulo-interstitiële compartiment 
en een slechtere transplantaat overleving. De data geven een nieuwe en interessante kijk op de 
immunofenotypische distributie van cellen in c-aABMR patiënten en sporen aan tot verder onderzoek.     

Het laatste deel van dit proefschrift richt zich op de analyse van transplantaat overleving bij c-aABMR 
patiënten. De histomorfologische kenmerken en relatie tot overleving en respons op therapie met 
solumedrol en intraveneuze immunoglobuline (IVIG-MP) worden onderzocht in hoofdstuk 7 en 
hoofdstuk 8. In hoofdstuk 7 identificeren we chronische interstitiële fibrose als de meest belangrijke 
bijdragende factor voor slechte overleving na c-aABMR diagnose. Hoofdstuk 8 beschrijft de potentiele 
winst van behandeling met IVIG-MP. De resultaten tonen een significante vertraging van de nierfunctie 
achteruitgang na behandeling. Deze gecombineerde bevindingen tonen mogelijk het belang van 
vroegtijdige opsporing en behandeling aan, om chronische weefselschade te voorkomen.

In het afsluitende hoofdstuk, hoofdstuk 9, worden de bovengenoemde resultaten in breder perspectief 
geplaatst. We reviseren de potentiele bijdragende factoren, klinische significantie en onderliggende 
pathofysiologische mechanismen van c-aABMR. De gepresenteerde data enthousiasmeren voor het 
verrichten van verder onderzoek en vormen hier een solide fundament voor. Het toekomstige onderzoek 
zou zich moeten richten op de ontwikkeling van nieuwe behandelstrategieën maar belangrijker nog 
risicostratificatie en vroegtijdige opsporing van c-aABMR.  

Concluderend draagt dit proefschrift bij aan het verbreden van de kennis omtrent c-aABMR en benadrukt 
het de gevolgen op lange termijn transplantaat overleving. 
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