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To S. Ebadi
The Nobel Peace Prize Winner, 2003

 
At the gates of the tavern I saw the angels knock

Kneaded this clay we call human, and made it talk
The residents of the Celestial Court and the heavenly bloc

Drank from the Wine of Love, with me, upon our common walk
The earth and the skies could not keep this trust of the clock

Yet the poor insane me was stuck with such tough luck
People fi nd good reason for the wars in which they are stuck

Since Truth they cannot see, to fantasies they would fl ock
Fire is not a fl ickering glow that a candle fl ame would mock

Fire is the fl ame of a heap of moths that lightning has just struck

Khajeh Hafi z Shiraz (1325-1389)
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Introduction

Over the past decades, transplantation has become the preferred approach to 
the treatment of failure of heart, liver, kidneys, and lungs. Recently, progressive 
improvement in allograft  survival, in particular of kidney allograft s, has been 
achieved. Intriguingly, this improvement is seen mainly in recipients who have never 
experienced an acute rejection episode, emphasizing the recipient’s alloimmune 
response as a major determinant of overall transplant outcome. However, treatment 
by organ transplantation is not entirely satisfactory because the recipient must be 
treated with immunosuppressive drugs that exchange the morbidity and mortality 
of organ failure for the risks of infection and cancer. These drugs also contribute 
to increased mortality from cardiovascular disease, the major cause of premature 
death in kidney transplant recipients. In addition, there is the problem of chronic 
rejection, which arises at least in part because immunosuppressive strategies do not 
completely inhibit alloimmune responses, and which results in slow progressive 
deterioration of graft  function. In the la  er years, much a  ention has been paid 
to the occurrence of so-called subclinical allograft  rejection. Both its pathogenesis 
and the signifi cance of this condition for graft  function and graft  survival are at 
present not fully known. In particular, the question whether to treat or not to treat is 
unsolved. In this Introduction, fi rst, current policy regarding immunosuppressive 
drug treatment aft er renal transplantation is summarized. Second, the need for 
read out parameters for measurement of drug-effi  cacy in the light of considerably 
improved transplant results is discussed. Aft er a brief discussion of mechanisms of 
allo-immune reactivity, possible pathogenetic mechanisms underlying subclinical 
rejection are proposed, followed by the current view on its signifi cance for the 
transplant patient. Finally, one of the major infectious problems in patients aft er 
solid organ transplantation, i.e. cytomegalovirus infection is shortly introduced. 

Immunosuppressive drug treatment

Reported incidence of acute rejection nowadays varies between 15-30%.1-6 
The introduction of the calcineurin inhibitor cyclosporine in the eighties has 
revolutionized the fi eld of solid organ transplantation. Short term graft  survival 
was dramatically improved with one year cadaveric graft  survival exceeding 90%, 
due to be  er immunological control leading to a decrease in acute rejection rate. 
Although in the time period between 1988 and 1996 more marginal, mainly older, 
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donor kidneys have been implanted, renal graft  half-life has been prolonged from 
11.0 to 19.5 years.7 This success was achieved in particular in patients without 
acute rejection episodes,8;9 and in patients in whom aft er treatment of acute 
rejection, renal function returned to more than 95%.10 Optimizing calcineurin 
inhibitor therapy has been diffi  cult because of the narrow therapeutic window. The 
calcineurin inhibitors cyclosporine and tacrolimus act like a double edged sword 
with their potent immunosuppressive effi  cacy on the one side, counterweighted 
by their nephrotoxic potential and unfavorable cardiovascular profi le, including 
hypertension, hypercholesterolemia and post-transplant diabetes mellitus on the 
other side. Dosages which are needed to prevent immunologic graft  failure are 
known to cause progressive nephrotoxicity and long term graft  failure. Early-
onset acute and chronic structural allograft  damage by cyclosporin is a dose 
dependent process and is reported to be predicted by a cyclosporin trough level 
higher than 200 ng/ml at 3 months and trough levels exceeding the median of 180 
ng/ml aft er one year.11 However, trough levels of both cyclosporin and tacrolimus 
are not closely correlated with either drug exposure or risk of allograft  rejection 
and seem less suitable for optimal monitoring. Several studies have shown that 
the area under the concentration-over-time (AUC) curve of both cyclosporin and 
tacrolimus predict clinical parameters like side eff ects, acute rejection and acute 
functional and chronic structural nephrotoxicity be  er than do trough levels.12-

20 However, in daily practice, this approach is time consuming and cumbersome 
because of repetitively 12 hours sampling. Thus, effi  cacy trials with AUC guided 
dosing of calcineurin inhibitors using limited sampling in order to reach tailor 
made immunosuppression, are highly needed. Prophylactic use of CD25 mAb 
in combination with dual or triple calcineurin-based immunosuppressive drug 
regimens has led to a signifi cant decrease in acute rejection rate.21 The CD25 
monoclonal antibody (mAb) specifi cally targets the IL2Rα (CD25), which is 
preferentially expressed by activated T cells and forms together with CD122 
(IL2Rß) and CD132 (IL2Rγ) the high affi  nity receptor for IL-2 which cytokine is 
instrumental in proliferation and diff erentiation and survival of antigen specifi c 
T cells. This mAb is well tolerated and safe as was demonstrated in randomized 
controlled trials in which CD25 mAb was compared with placebo in renal transplant 
recipients receiving dual or triple cyclosporin-based baseline immunosuppression. 
Chimeric and humanized antibodies to CD25 (basiliximab, Simulect® and 
daclizumab, Zenapax®) appeared to overcome the problem of immunogenicity 
which happened to be a limiting factor in the clinical use of murine antibodies like 
anti-Tac and BT563.21 A meta-analysis of published data on the prophylactic use of 
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CD25 mAb revealed no evidence of an increased risk of infections or malignancies 
at one year aft er transplantation. Lawen et al studied for the fi rst time the eff ects of 
CD25mAb (Simulect®) in a quadruple se  ing with cyclosporine, mycophenolate 
mofetil and steroids as baseline treatment in a randomized manner.6 They reported 
at one year an acute rejection rate of 15% (9/59) in the antibody treated group versus 
26% (17/64) in the placebo treated group. Cumulative incidence of both primary 
and secondary CMV infection was 13% (8/59) versus 18% (12/64) respectively. 
Although studies with longer follow up are needed to confi rm whether this mAb 
actually can improve long term graft  ‒ and patient survival, these parameters were 
not deleteriously aff ected as yet by CD25mAb in comparison to placebo. From 
about 1995, inhibitors of the mammalian target of rapamycin, so-called mTOR 
inhibitors, are increasingly in use in the renal transplant clinic.22 Because patients 
involved in studies reported in this thesis are not treated with this drug, this will 
not be discussed here. 

Endpoint of clinical trials, search for surrogate markers

Regarding clinical endpoints to assess drug effi  cacy, biopsy-proven acute rejection 
has been used as such in effi  cacy trials, because it was identifi ed to be able to 
predict chronic allograft  nephropathy and long term graft  survival.8 However, the 
considerable reduction in the incidence of acute rejection has limited the suitability 
of this parameter as a clinical endpoint.23 New short-term so-called “surrogate” 
markers, predictive for long term graft  outcome are needed and should be validated. 
Renal histological fi ndings of fi brosis, detected in protocol biopsies, can serve as 
such, because the extent of chronic tubulointerstitial fi brosis has been reported to 
correlate with deterioration of renal function both in chronic allograft  nephropathy 
(CAN) and in other parenchymal, native renal diseases.24-28 Functional studies are 
not a  ractive, because they underestimate the extent of renal allograft  fi brosis due 
to the fact that reduction in creatinine clearance is a late sign of renal injury.11;29-31 
Semiquantitative grading systems like the Banff  97 classifi cation and the Chronic 
Allograft  Damage Index (CADI) are hampered by a wide inter-observer variation. 
In addition, they are less suitable to perform accurate assessments in progression 
of fi brosis, because of the possibility of sampling error and the nature of the 
grading scale, encompassing a wide range of alterations in fi brosis per grade.32-35 
Computerized image analysis of fractional interstitial fi brosis in Sirius red stained 
renal allograft  biopsies has been shown to be a valid and reproducible method 
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to quantitate the degree of renal fi brosis.36-38 Sirius red is a specifi c marker for 
collagen type I and III which represents 80%, respectively 20% of total collagen 
synthesized by fi broblasts and thereby represents important components of the 
renal matrix.The use of this method has been validated for accurate quantifi cation 
of renal fi brosis which signifi cantly correlated with glomerular fi ltration rate as 
measured by iothalamate clearance in renal biopsies with established CAN.38 
Up to now, data on the relationship between AUC guided dosing of calcineurin 
inhibitors and quantitative measurements of tubulointerstitial fi brosis are lacking 
and form part of the investigations presented in this thesis. 
As mentioned above, prophylactic treatment of renal transplant recipients with 
CD25mAb in combination with a calcineurin inhibitor, mycophenolate mofetil and 
corticosteroids has resulted in a considerable decrease in the incidence of acute 
rejection episodes. Yet, acute rejections are not completely prevented. In addition, in 
la  er years the occurrence of so-called subclinical rejection episodes is increasingly 
recognized. This silent alloreactivity might well be a major determinant of late 
allograft  outcome.

Allo-immune response

T cells play a pivotal role in acute cellular allograft  rejection, where they play a 
role in delayed-type hypersensitivity responses, in promotion of allo-antibody 
formation and/or in cytotoxic responses.39;40 Upon allogeneic stimulation, 
alloreactive T cells rapidly express CD25 and together with CD122 and CD132, 
the high affi  nity receptor for IL-2 is generated. IL-2 acts at diff erent stages of the 
immune response to promote clonal expansion, induction of cytolytic activity and 
activation induced cell death of allogenic stimulated T cells.41;42 The initial concept 
that the main function of IL-2 would be to promote T cell immunity has recently 
been challenged and replaced by the idea that this cytokine is mainly active in 
regulation of peripheral T cell tolerance. A main role of IL-2 is the generation of T 
regulatory cells, that can inhibit allograft  rejection.43 Other members of the cytokine 
common γ-chain family like IL-7 and IL-15 are responsible for the homeostatic 
proliferation of memory CD8+ T cells. Possibly IL-7 and IL-15 act complementary 
in maintaining the CD8+ T cell memory pool whereby IL-15 regulates T cell division 
and IL-7 mediates T cell survival.41;44-47
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Regarding the function of cytotoxic T cells in allo-immunity, granzyme B positive 
(GrB+) cytotoxic T lymphocytes (CTLs) are known to be frequently present in 
mononuclear infi ltrates in renal transplant biopsy specimens from patients with 
deteriorating renal function. They have been designated as indicative for the 
existence of acute cellular rejection. However, the presence of these cytotoxic 
infi ltrates in allograft s does not always lead to overt rejection. The condition in 
which an interstitial infi ltrate consisting of GrB+ CTLs is present in the allograft  
concomitant with histological signs of rejection, such as tubulitis, but in which 
no deterioration of renal allograft  function is observed, is called subclinical 
rejection. The prevalence of these silent infi ltrates during so-called subclinical 
rejection episodes is estimated as 30 to 42% during the fi rst 3 months aft er 
transplantation.48-50 

Subclinical rejection

Data from large retrospective studies of serial allograft  biopsies of recipients of 
a combined kidney-pancreas transplant support the hypothesis that subclinical 
rejection is a risk factor for the development of chronic allograft  nephropathy 
(CAN). In these studies CAN was graded by a semiquantitative scoring system 
which mainly assessed the severity of interstitial fi brosis along with tubular 
atrophy in the presence or absence of glomerular and/or vascular damage.11;49;51 

Among 114 patients from whom two biopsies were taken between 1 and 12 months 
aft er transplantation, Nankivell et al showed moderate CAN present in 25.6% of 
patients with previous evidence of subclinical rejection as compared with 7.5% of 
those without previous subclinical rejection (P<0.05).49 Shishido et al evaluated 124 
sequential protocol biopsies of 46 patients at 2, 3 and 5 years aft er transplantation 
who had already signs of CAN at one year aft er transplantation. In retrospect, 
subclinical rejection was evident in 50%, 32%, 19%, and 16% of cases with CAN at 
1, 2, 3, and 5 yr, respectively. The presence of these acute lesions was associated 
with progression of CAN.50 However, the impact of subclinical rejection(s) on 
induction of quantitatively measurable tubulointerstitial fi brosis has yet to be 
investigated in prospective studies. In order to ultimately determine to whether 
degree subclinical rejection is responsible for persistent allograft  injury in terms of 
graft  histology, ‒ function, and ‒ survival, placebo-controlled studies are needed 
in which early intervention therapy is guided by serial protocol biopsies or by a 
marker predictive for ‒ or associated with subclinical rejection.
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The pathogenesis of subclinical rejection episodes is as yet not elucidated. 
Diff erences in recipient factors or in either quantity or quality of the mononuclear 
cell-infi ltrate in patients with subclinical rejection as opposed to patients with acute 
rejection episodes may be involved. Granzyme mediated apoptosis of renal tubular 
cells by cytotoxic T cells (CTLs) plays a key role in the pathogenesis of acute cellular 
rejection. Since proteolysis is a key feature of programmed cell death, eff ective 
control of proteolysis seems essential for protection against injury mediated by 
exogenous and endogenous proteinases. Serine protease inhibitors (serpins) 
inhibit the proteolytic activity of serine proteinases. They act as a pseudosubstrate 
for their target proteinase and upon recognition and binding of the proteinase to 
the serpin, the proteinase is trapped and irreversibly inhibited. The intracellular 
serpin SERPINB9 (proteinase inhibitor 9, PI-9) is the only known human serpin 
that specifi cally inhibits granzyme B (GrB). Cells transfected with SERPINB9 are 
protected against GrB-induced apoptosis in a dose dependent way.52;53 The in 
vivo distribution pa  ern of SERPINB9 suggests that this serpin protects against 
unwanted GrB-mediated cytotoxicity, since it is expressed in cells that can 
meet substantial amounts of GrB. SERPINB9 is for example expressed in CTLs, 
endothelial cells, dendritic cells and at immune privileged sites.54 Once released 
into the cytoplasm, GrB can start the apoptotic amplifi cation machinery through 
diff erent, caspase dependent and independent pathways. GrB induces caspase 
dependent apoptosis by direct or caspase 8-mediated cleavage of caspase 3. In 
addition, GrB can cleave the inhibitor of caspase-activated deoxynuclease (ICAD), 
resulting in endonuclease activity, DNA fragmentation and apoptosis. Caspase 
independent apoptosis is induced by GrB via activation of the pro-apoptotic Bcl-2 
family member Bid and subsequent induction of mitochondrial collapse leading 
to release of cytochrome c. Released cytochrome c can activate caspase 9, which in 
turn can activate caspase 3.55;56 SERPINB9 belongs to the subfamily of intracellular 

serpins which are unique in that they lack a cleavable N-terminal signal sequence 
and therefore reside mainly intracellular.57 Although they exert their functions 
primarily in the cell, a least 2 other intracellular serpins, SERPINB2 (PAI-2) and 
SERPINB3 (SCCA1), are also found extracellular. SERPINB2 is partially secreted 
through a yet unidentifi ed secretory pathway,58 whereas SERPINB3 is thought to 
be passively released into the circulation.59 Considering the previously described 
elevated levels of soluble GrB in systemic circulation during infl ammatory 
processes60;61 and given the anti-infl ammatory and anti-apoptotic functional 
characteristics of SERPINB9,62 we wondered whether SERPINB9 can also exist in 
an extracellular form, possibly detectable in the systemic circulation of healthy 
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individuals and/or transplant recipients. If so, it might be possible that its level 
correlates with clinically important events aft er transplantation like (sub)clinical 
rejection or post transplant cytomegalovirus (CMV) infection. 

CMV infection

Primary CMV infection is a major cause of morbidity and mortality in recipients aft er 
solid organ transplantation.63 Symptoms and signs of CMV infection may consist 
of low grade fever, myalgia, leucopenia, thrombocytopenia and transaminase 
elevations as well as pneumonitis, oesophagitis and colitis. The virus may also 
aff ect the transplanted organ itself. Myocarditis, pneumonitis, aseptic meningitis 
and Guillain-Barré syndrome are other rare manifestations. CMV infection may 
lead to enhanced susceptibility to other opportunistic infections64 and to a 7-10 fold 
increased risk of pos  ransplant EBV related lymphoproliferative disease.65 CMV 
infection has also been implicated in the development of both acute and chronic 
allograft  rejection and has been associated with decreased allograft  and patient 
survival.66;67 PCR and antigenemia assay are designated as superior detection 
tests giving rise to a positive result for CMV less than 2 weeks before onset of the 
disease.68 Postponed emergence of circulating IFNγ-producing CMV-specifi c CD4+ 
T-cells is a relatively late predictive marker for the development of CMV-disease. 
In asymptomatic patients, CMV-specifi c CD4+ T-cells are the fi rst to appear in the 
circulation, followed by CMV-specifi c CD8+ T-cells and antibody responses, while 
in symptomatic patients their appearance is delayed.69 General use of prophylactic 
antiviral therapy in all recipients seems to have two contradictory eff ects: leading 
to a decrease in infection and disease but also to an increase in ganciclovir resistant 
CMV disease with late onset and atypical clinical presentation.70-73 Preemptive 
therapy, guided by PCR or pp65 antigenemia is now the preferred method to 
decrease the frequency and severity of CMV disease. 
Endothelial cells are one of the principal reservoirs of CMV and they have been 
shown to contain high amounts of SERPINB9.74 It is conceivable that virally 
infected endothelial cells are continuously exposed to GrB which is released from 
virus-specifi c CTLs. Therefore, we questioned whether this would be refl ected 
by increased expression, or increased extracellular release of SERPINB9 by these 
endothelial cells, in order to protect themselves against viral induced cytotoxicity. 
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Outline of this thesis

This thesis focuses on diverse clinical and immunologic-pathogenetic aspects 
of a calcineurin sparing quadruple drug regimen in renal transplant recipients. 
They were treated with CD25 mAb, corticosteroids, mycophenolate mofetil and 
either with cyclosporin or tacrolimus in an open-label prospectively randomized 
multicenter trial; the so-called Calcineurin Inhibitor Nephrotoxicity and Effi  cacy 
Study (CANNES). 

In chapter 2, we used Bayesian estimators to guarantee exposure-controlled 
calcineurin-inhibitor-sparing dosing for both cyclosporin and tacrolimus, and 
to compare their eff ectiveness to prevent structural changes, as quantifi ed by 
morphometric analysis of Sirius Red stainings. In addition, their impact on 
functional changes at 6 and 12 months post-transplantation, acute rejection rates 
and side eff ect profi le like de novo occurrence of post transplant diabetes mellitus, 
hypertension, dyslipidemia and infectious diseases was studied.

In chapter 3, we address in this cohort the possible diff erences in fi brogenicity 
between low target, AUC-guided dosing of the calcineurin inhibitors cyclosporin 
and tacrolimus, as well as their eff ect on induction of subclinical rejection episodes 
at one year aft er transplantation. Therefore, we studied serial renal allograft  
biopsies at 6 and 12 months aft er transplantation. 

In chapter 4, we investigate the pathogenesis of persistent alloreactivity in renal 
transplant recipients treated prophylactically with CD25 mAb. Therefore, we 
evaluated the eff ects of basiliximab on activation, proliferation and diff erentiation 
of allo-stimulated T cells in vitro. 

In chapter 5, we look for a molecular explanation for the occurrence of subclinical 
rejection. We studied the expression of GrB in cytotoxic T cells in relation to 
that of SERPINB9 (PI-9) in tubular cells in renal allograft  biopsies obtained from 
patients with subclinical rejection as compared to patients with acute rejection or 
uncomplicated pos  ransplant course. 

In chapter 6, an outline of clinical and immunologic aspects of CMV infection in 
solid organ transplant recipients is presented. 
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In chapter 7, we investigate the extracellular presence of soluble SERPINB9 
(sSERPINB9) levels in the systemic circulation of both healthy individuals and 
renal transplant recipients during primary CMV infection, subclinical rejection, 
acute clinical rejection, or no rejection episodes. 

In chapter 8, we summarize and discuss the studies described in this thesis.

In chapter 9, a summary in Dutch is given.
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Abstract

Background. The calcineurin-inhibitors cyclosporine (CsA) and tacrolimus (Tac) 
are subject to discussion because with time their immunosuppressive effi  cacy is 
counterweighted by their nephrotoxic potential and cardiovascular profi le. For 
both drugs AUC guided dosing, facilitated by a population based pharmacokinetic 
model using a Bayesian estimator, might improve the benefi t- risk ratio.
Methods. In a prospective randomized study in 126 de novo renal transplant 
recipients we compared AUC-guided dosing of CsA and Tac. The primary goal was 
to compare morphometric analysis of Sirius Red staining in 6-month surveillance 
biopsies. Other parameters included graft  function, (sub)clinical rejections and 
cardiovascular side eff ects. 
Results. The degree of interstitial fi brosis in the 6-month protocol biopsies 
was almost identical in the two study groups. Cumulative incidence of biopsy-
confi rmed acute rejection episodes at six months tended to be higher in the CsA 
group, as compared to the Tac group (p=0.12, NS). Comparison of renal function and 
blood pressure control showed no signifi cant diff erences, though slightly higher 
cholesterol values were observed in the CsA group. In contrast, post transplant 
diabetes mellitus (PTDM) occurred in 4 % of the patients in the CsA group and in 
19% in the Tac group (p=0.007). 
Conclusion.: A calcineurin-inhibitor sparing regimen with basiliximab prophylaxis 
and controlled systemic exposure of either CsA or Tac led to comparable renal 
function up to one year aft er transplantation. However, a signifi cantly higher 
incidence of PTDM was found in the Tac treated patients. 
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Introduction

Chronic allograft  nephropathy (CAN) is, next to death with a functioning graft , 
the most common cause of renal allograft  loss. CAN remains an elusive process in 
terms of etiology and probably represents the end result of the complex interplay 
between donor and recipient factors, both immunologic and non-immunologic. 
These injuries typically include ischemia/reperfusion injury, acute rejection 
episodes, hypertension, hyperlipidemia, diabetes mellitus (DM) and drug-related 
nephrotoxicity.1-3 Renal graft  half-life improved from 11.0 years in 1988 to 19.5 years 
in 1996, despite the more frequent use of marginal, mainly older, donor kidneys in 
the same time period.4 This improvement was observed in particular in patients 
without acute rejections episodes,5;6 and in patients, in whom renal function 
returned for more than 95% aft er treatment of an acute rejection episode.7

Calcineurin inhibitors play a controversial role in this process, because their 
immunosuppressive effi  cacy is counterweighted by their nephrotoxic potential and 
unfavorable cardiovascular profi le, including hypertension, hypercholesterolemia 
and post-transplant diabetes mellitus (PTDM). Most studies, comparing the 
cyclosporine (CsA) gel-capsule formulation with tacrolimus (Tac)-based 
immunosuppression, have reported an advantage for Tac in the prevention of 
acute rejection episodes.8-10 At one-year, however, no signifi cant diff erences in 
graft  survival or renal function parameters were found. A retrospective analysis 
of paired kidneys, one recipient treated with CsA microemulsion and the 
recipient of the contralateral kidney with Tac, found no diff erence in 5-year renal 
allograft  survival.11 Initial renal function was superior in the patients receiving 
Tac therapy, but the slope of 1/Cr over time did not diff er between the agents. 
Thus, renal function is similarly impaired in tacrolimus- and cyclosporin treated 
patients,8;9 a notion supported by the incidence of nephrotoxicity in multicenter, 
randomized trials of liver transplant recipients, receiving these drugs.12;13 
Hypertension, hypercholesterolemia, hypertrichosis and gingival hyperplasia are 
more pronounced with CsA, while new onset diabetes mellitus or hyperglycemia 
occurs more frequently in the Tac treated patients.14-16

Long-term impact of drug-related nephrotoxicity is probably best illustrated by 
protocol biopsies. As early as two years aft er transplantation, histopathologic 
signs of CAN are present in 62.0% of the patients treated with Tac and in 72.3% of 
the CsA treated patients, which may occur in the absence of discernible changes 
in renal function.17 Multivariate analysis showed that (presumed) nephrotoxicity 
and acute rejection were the most signifi cant predictors for chronic allograft  
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nephropathy.17 Prospective studies to defi ne the immunosuppressive regimen that 
is associated with the best long-term outcome have the disadvantage that large 
numbers of patients need to be followed for relatively long periods of time, which 
is oft en confounded by frequent cross-overs. Thus, although such studies are of 
great importance, smaller studies with surrogate end-points are more fl exible and 
allow the effi  cient design of large multicenter studies. 
In several studies, surveillance renal transplant biopsies taken at 6 months aft er 
surgery were demonstrated to predict graft  function and prognosis at 2 years.18;19 
Interstitial fi brosis appeared to be a feature of both chronic drug toxicity and 
chronic rejection and the interstitial area occupied by fi brous tissue was the best 
marker for chronic calcineurin inhibitor related toxicity or chronic rejection. 
Histomorphometric changes in the tubulointerstitial compartment, including 
accumulation of interstitial collagens as determined by non-polarized Sirius Red 
staining, contained the best correlating parameters to predict the development of 
progressive renal failure.19;20

Optimizing calcineurin inhibitor therapy has been diffi  cult because of the narrow 
therapeutic window. Several studies have shown that the cyclosporine area under 
the concentration-over-time curve (AUC), but not trough levels, predict clinical 
parameters like acute rejection and acute nephrotoxicity.21-23 There is an increasing 
number of publications, reporting that the correlation of tacrolimus trough levels 
with AUC is not much be  er.24-26 Other reports have shown that, as compared 
to trough levels, Tac AUC correlated be  er with clinical parameters, like acute 
rejection26;27 or side eff ects,28 implicating that also in the case of tacrolimus AUC 
monitoring may be necessary to improve results. 
Recently we developed a simple, fl exible Bayesian forecasting technique that 
predicts dose adjustments for CsA29 and Tac30 to achieve standardized drug 
exposure both early and late aft er transplantation. In the present study we used 
these Bayesian estimators, to guarantee exposure-controlled calcineurin-inhibitor-
sparing regimens for both drugs to compare their eff ectiveness to prevent 
structural changes, as quantifi ed by morphometric analysis of non-polarized Sirius 
Red staining of 6 months protocol biopsies, as well as their impact on functional 
changes at 6 and 12 months post-transplantation, acute rejection rates and side 
eff ect profi le.
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Materials and methods

This open-label randomized controlled study was conducted in Leiden and in 
Amsterdam, the Netherlands. Formal approval from the institutional ethics 
commi  ee was obtained at the participating sites, and wri  en informed consent 
was given before enrolment in the trial. 

Patients

Eligible patients were renal transplant recipients > 18 yr of age who received a 
fi rst or second graft , from a cadaveric (non-heart-beating included) or living (non 
HLA-identical) donor. We excluded sensitised patients (panel reactive antibodies 
> 50%), and patients receiving a dual organ transplant. Between October 2000 and 
October 2002 126 renal transplant recipients were randomly assigned to receive 
either cyclosporine- or tacrolimus-based immunosuppression. 

Monitoring of calcineurin-inhibitors

Cyclosporine microemulsion (CsA) and tacrolimus (Tac) were started orally 3 
hours before surgery (initial dose 4 mg/kg b.i.d. for CsA and 0,1 mg/kg for Tac). 
In the fi rst week target 12 hours trough levels were aimed at 225 ng/ml (range 
200-250) and 12,5 ng/ml (range 10-15 ng/ml) for CsA and Tac respectively. CsA 
and Tac AUC0-12h were estimated at week 2, 4, 6, 8, 12, 17, 21, 26, 39 and 52 
using a population based 2-compartmental pharmacokinetic model combined 
with Bayesian fi  ing and limited sampling.29 Aft er each AUC-assessment dose 
adjustments were made to reach predefi ned target AUCs: CsA AUC0-12h: 5400 ng.h/
ml within the fi rst 6 weeks (corresponding with a mean trough level of 225 ng/ml); 
aft er six weeks 3250 ng.h/ml (corresponding with a mean trough level of 125 ng/
ml). Tac AUC0-12h: 210 ng.h /ml, within the fi rst 6 weeks (corresponding with a 
mean trough level of 12.5 ng/ml), aft er six weeks 125 ng.h/ml (corresponding with 
a mean trough level of 7.5 ng/ml). Immunosuppressive co-medication existed of 
prednisolon (in both groups 100 mg at days 1-3, 50 mg at day 4, 20 mg at days 5-14, 
15 mg at days 15-21, 10 mg aft er day 22), mycophenolate mofetil (1000 mg b.i.d. 
in the CsA group and 500 mg b.i.d. in the Tac group and basiliximab prophylaxis 
(20 mg iv, at day 0 and day 4). Drugs, that are known to alter concentrations of the 
calcineurin-inhibitors, were prohibited.
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Protocol biopsies

Biopsies obtained at 6 months were taken as part of the study protocol with a 
14-gauge needle. Morphometry of Sirius Red stained specimens was performed 
using a Zeiss microscope equipped with full colour 3CCD camera and KS-400 
image analysis soft ware from Zeiss-Kontron. From every biopsy the Sirius Red 
stained area percentage was determined as the mean (+/- SD) of measurements in 
10 images.
Blinded histopathologically assessment according to the Banff  ‘97 working 
classifi cation was performed by two independent pathologists. In order to minimize 
the inter-observer variability, every fi ft h biopsy was scored by both pathologists 
and the fi ndings were discussed. Presence of subclinical rejection was based on 
absence of functional deterioration and histologic fi ndings indicative of rejection 
based on the tubulitis (‘t’) and mononuclear-cell-infi ltration (‘i’) scores. Abnormal 
fi ndings were divided in three categories: No subclinical rejection, ‘t’ score ≤ 1, 
and ‘i’ score = 0; borderline subclinical rejection, ‘t’ score = 1, and ‘i’ score > 0 and 
subclinical rejection, ‘t’ score = 2, and ‘i’ score > 0. When subclinical rejection was 
diagnosed no anti-rejection treatment was started.

Treatment of acute rejection episodes

When acute rejection was suspected, a percutaneous graft  biopsy was done, 
which was histologically graded by a local pathologist according to the Banff  
97 classifi cation.31 Patients experiencing acute rejection were treated with 
methylprednisone (Solu-Medrol) 1000 mg for three consecutive days. Anti 
Thymocyte Globulin (rATG, Genzyme) was given for steroid-resistant rejection 
episodes and for second acute rejection episodes. Rejection was considered steroid-
resistant if no stabilization or improvement to 20% of baseline creatinine occurred 
within 7 days aft er treatment with Solu-Medrol. In case of a rejection ≥ Banff  grade 
IIa, treatment conversion to the other calcineurin inhibitor based protocol was 
indicated. Otherwise when the response to anti-rejection treatment was favourable 
the study protocol was continued. 
 

proefschrift rowshani.indd   30proefschrift rowshani.indd   30 4/12/2005   10:42:124/12/2005   10:42:12



Chapter 2

31

Effi  cacy parameters and side eff ects

GFR estimated by the formula of Nankivell et al.32 were determined at 6 and 12 
months. Other secondary effi  cacy parameters included the following: Patient and 
graft  survival, frequency of the fi rst, biopsy confi rmed acute rejection episodes, 
uric acid concentrations, blood pressure, lipids and HbA1c at 6 and 12 months. 
Incidence of de novo diabetes mellitus was defi ned as the need for any antidiabetic 
drug (insulin and/or oral drugs), while no DM was reported at baseline. Use of 
lipid lowering drugs (statins) and the number of antihypertensive drugs were 
analysed. Standard safety evaluation included physical examination, serial blood 
counts, and blood chemistry studies. Reporting of adverse eff ects, frequency or 
severity of infections and occurrence of malignancy was mandatory.

Statistical analyses

All analyses were performed according to the intention-to-treat principle. Results 
are given as means ± standard deviations for continuous variables and as numbers 
(%) for categorical variables. For comparisons between treatment groups regarding 
independent continuous variables Student’s t-test and paired samples t-test 
were used when appropriate. Otherwise non-parametric techniques were used 
(Mann-Whitney, Wilcoxon signed rank test) and where possible exact p-values 
were calculated. For diff erences between treatment groups regarding categorical 
variables cross-table analysis was used and exact signifi cance was calculated. The 
incidence of acute rejection and diabetes mellitus was estimated using Kaplan-
Meier’s product-limit method and the resulting curves were compared with 
log-rank test. A p-value of less than 0.05 was considered signifi cant. All analysis 
were performed using SPSS statistical soft ware package (version 10.07, SPSS inc. 
Chicago Ill.).
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Results

Patient characteristics

Sixty-three patients were randomised for treatment with CsA and sixty-three 
patients for treatment with Tac. Table 1 shows that the two treatment groups were 
well matched for gender, underlying disease, HLA compatibility, type of procedure 
and occurrence of delayed graft  function. In the CsA treated group more patients 
received a second transplant. 
Ninety-fi ve percent (CsA) versus eighty-nine percent (Tac) of the patients completed 
the pharmacokinetic study protocol. Reasons for drop out in the CsA group were 
two deaths and one patient refusing AUC-monitoring because of travel distance. 
In the Tac group there was one death, two patients with primary non functioning 
graft s aft er non-heart beating donor procedures, two patients with early transplant 
failure aft er surgical complications, one patient was switched to rapamycine aft er 
an episode of tacrolimus-induced microangiopathy and one patient stopped the 
AUC-monitoring protocol. One additional patient experienced early graft  loss 
due to acute humoral rejection. For all patients, who did not adhere to the study 
protocol, follow-up data were collected for intention-to-treat analysis.

 AUC-guided dosing

Figure 1 shows to what extent the actual measured AUCs of cyclosporine and 
tacrolimus were kept near the target AUCs. In table 2 the key pharmacokinetic 
parameters resulting from the AUC-guided dosing strategy for both drugs are 
shown. MMF was given in a fi xed dose in both groups, 1000 mg b.i.d. in the CsA 
group and 500 mg b.i.d. in the Tac group. MPA-AUC was measured at week 2, 6, 
12, 26 and 52 in 50% of the included patients and showed comparable, but low 
AUC-values early post transplant. Aft er dose reduction of CsA at 6 weeks, the 
MPA-AUCs tended to be higher in the CsA treated group. 
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Table 1: Demographic and baseline characteristics

Characteristics Cyclosporine 
(n=63)

Tacrolimus 
(n=63)

p-value

Recipient age (yr) +/- SD 46.5 +/- 14.1 48.5 +/- 12.6 0.40
Recipient gender n (%) male 45 (71.4) 43 (68.3) 0.85

Primary disease, %
 glomerulonephritis
 systemic autoimmune disease
 focal sclerosis
 diabetic nephropathy
 hypertension
 hereditary disease
 congenital dysplasia/refl ux
 interstitial disease
 etiology uncertain

14 (22.2)
 3 ( 4.8)
 4 ( 6.3)
 2 ( 3.2)
 8 (12.7)
11 (17.5)
 8 (12.7)
 1 ( 1.6)

12 (19.0) 

11 (17.5)
 1 ( 1.6)
 4 ( 6.3)
 1 ( 1.6)

11 (17.5)
12 (19.0)
 2 ( 3.2)
 2 ( 3.2)

19 (30.2)

0.46 (overall)

Donor age (yr) +/- SD 47.8 +/- 15.8 47.4 +/- 15.7 0.87
Donor gender n (%) male 31 (49.2) 33 (52.4) 0.86

Procedure, %
 Deceased donor, heart beating
 Deceased donor, non-heart beating
 Living donor, related
 Living donor, unrelated

23 (36.5)
17 (27.0)
14 (22.2)
 9 (14.3)

22 (34.9)
13 (20.6)
15 (23.8)
13 (20.6)

0.73 (overall)

HLA Total mismatches, mean +/- SD 
 Class I mismatches, mean +/- SD
 Class II mismatches, mean +/- SD

2.51 +/- 1.44
1.73 +/- 1.12
0.78 +/- 0.61

2.67 +/- 1.78
1.78 +/- 1.30
0.89 +/- 0.74

0.58
0.83
0.36

Previous transplant, n (%)  8 (12.7)  1 ( 1.6) 0.03
Race (% blacks)  5 ( 7.9)  2 ( 3.2) 0.44
Diabetes mellitus, baseline, n (%)  7 (11.1)  2 ( 3.2) 0.16

Delayed graft  function, n (%) 
(living donor excluded) 17/40 (42.5) 14/35 (40.0) 0.68

Warm ischemia (total, minutes), 
mean +/- SD 39.1 +/- 14.1 35.9 +/- 12.4 0.18

Cold ischemia (hours), mean +/- SD 14.1 +/- 9.8 13.8 +/- 10.7 0.88
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Figure 1: Actual mean AUC (±SD) in ng.h/ml, using the Bayesian estimator to guide dosing 
of A) cyclosporine and B) tacrolimus during the fi rst postoperative year. The do  ed lines 
indicate the predefi ned target AUCs.

Protocol biopsies

At 6 months, biopsies were obtained in 83% of the evaluable patients in the CsA 
group and 82% of the patients in the Tac group. Reasons for missing were primarily 
“not enough specimen for proper Banff  classifi cation scoring”, increased bleeding 
risk and secondary refusal by patients to undergo a protocol biopsy. No diff erences 
in the degree of renal fi brosis were observed between the CsA and Tac group at 6 
months (mean percentage of Sirius Red positive area ±SD, CsA (n=50) vs. Tac (n=44), 
12%±5.4 vs.12.3%±4.3 p=0.78). The risk of subclinical rejection as scored according 
to Banff  97 was increased in patients who received CsA therapy, as compared to 
Tac (rejection grade 1A: 12% vs. 4%, borderline: 27% vs. 11%, prevalence of total 
subclinical rejections at six months: CsA: 38.8 % vs. Tac: 15.2 %, p=0.012).
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Table 2: Pharmacokinetic parameters in renal transplant recipients using the Bayesian 
estimator to guide dosing of cyclosporine or tacrolimus.

Weeks post transplantation

2 6 12 26 52
CsA target AUC 5400 5400 3250 3250 3250

mean AUC(0-12) ng.h/ml 7067 6305 3761 3381 3367
±SD ±1761 ±1306 ±964 ±694 ±658

mean dose / weight / day 7.62 5.72 3.06 2.86 2.82
mean MPA-AUC(0-12) ng.h/ml* 23.4 39.7 46.9 44.7 43.1

±SD 8.8 18.1 19.3 16.2 14.4
Tac target AUC 210 210 125 125 125

mean AUC(0-12) ng.h/ml 194 239 145 142 128
±SD 76 66 48 34 26

mean dose / weight / day 0.168 0.176 0.110 0.104 0.086
mean MPA-AUC(0-12) ng.h/ml* 20,6 28,4 29,5 28,0 30,4

±SD 9,8 14,1 11,7 13,5 17,7

* MMF was given 1000 mg b.i.d. in the CsA group and 500 mg b.i.d. in the Tac treated patients.

Acute rejection episodes and 12-month survival data

At six months, as compared to the Tac treated patients, the cumulative incidence 
of biopsy proven acute rejection episodes was higher in the CsA treated group, 
although statistically not signifi cant in this relatively small cohort of patients 
(16.2% versus 6.6% at 6 months, p = 0.12) (fi gure 2a). Steroid-resistance, requiring 
ATG therapy, occurred in 6% of the patients in the CsA group and 2% of the Tac 
treated patients.
In the Tac group one additional late acute rejection episode (at 330 days post 
transplantation) was diagnosed, in a patient with proven drug incompliance and 
Tac C0 levels of 0 at the time of rejection. At one year, patient survival was 97% 
(CsA) versus 98% (Tac), graft  survival was 95% (CsA) versus 91% (Tac).
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Figure 2: Cumulative incidence of A) biopsy confi rmed, fi rst acute rejection episodes 
(p=0.12, NS) and B) post transplant diabetes mellitus (p=0.007) in renal transplant recipients 
on cyclosporine- or tacrolimus-based, systemic exposure-controlled immunosuppression.

Renal function

There were no diff erences in renal function at six months and one year, as 
calculated by the Nankivell formula. No diff erences in the amount of proteinuria 
were observed during the study. The change in function between six months and 
one year, ΔGFR, did not show major diff erences between the study groups (mean 
ΔGFR : CsA -0.72 ml/min (±SD 10.09), Tac +0.41 ml/min (±SD 8.51), p=0.77). Also, 
the presence of subclinical rejection in the protocol biopsy at 6 months (Borderline 
+ Banff  1A combined, patients with a prior clinical rejection episode excluded) 
did not signifi cantly infl uence the ΔGFR (mean ΔGFR (±SD): no SR, -1.89 ml/min 
(±8.89); SR present, –0.24 ml/min (±8.35), p=0.28).

Blood pressure, antihypertensive drugs, lipids, statins

Table 3 shows that no signifi cant diff erences in systolic or diastolic blood pressure 
were observed between the two groups, but Tac treated patients tended to require 
less antihypertensive drugs. Mean total cholesterol levels at 6 and 12 months 
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were signifi cantly higher in the CsA group, despite a slightly higher proportion 
of patients treated with lipid lowering drugs in this group. Uric acid levels were 
comparable in both groups.

Table 3: Renal function and cardiovascular side eff ect profi le in renal transplant recipients 
using the Bayesian estimator to guide dosing of cyclosporine or tacrolimus.

CsA Tac p
Mean +/-SD N Mean +/-SD

Calculated GFR (Nankivell)
Month 6 64 +/- 18 61 65 +/- 17 58 0.82
Month 12 64 +/- 16 60 65 +/- 17 57 0.67

Proteinuria
Month 6 0.36 +/- 0.35 61 0.28 +/- 0.21 58 0.56
Month 12 0.35 +/- 0.34 60 0.32 +/- 0.52 57 0.10

Systolic blood pressure (mmHg)
Baseline 144 +/- 20 63 142 +/- 21 60 0.58
Month 6 141 +/- 17 61 139 +/- 14 58 0.51
Month 12 140 +/- 17 61 139 +/- 16 56 0.72

Diastolic blood pressure (mmHg)
Baseline 82 +/- 12 63 84 +/- 11 60 0.32
Month 6 82 +/- 10 61 82 +/- 8 58 0.99
Month 12 81 +/- 10 61 82 +/- 9 56 0.59

Number of antihypertensive drugs
Baseline 1.5 +/- 1.1 62 1.4 +/- 1.1 60 0.68
Month 6 1.8 +/- 1.0 61 1.5 +/- 1.0 58 0.25
Month 12 1.8 +/- 1.1 61 1.6 +/- 1.0 56 0.14

Total cholesterol
Baseline 4.85 +/- 1.18 60 4.98 +/- 1.36 59 0.58
Month 6 5.86 +/- 1.33 58 5.34 +/- 1.26 55 0.04
Month 12 5.71 +/- 1.22 59 5.26 +/- 1.06 56 0.04

HDL cholesterol
Baseline 1.13 +/- 0.42 60 1.09 +/- 0.30 58 0.56
Month 6 1.38 +/- 0.46 58 1.34 +/- 0.46 55 0.65
Month 12 1.39 +/- 0.43 59 1.36 +/- 0.43 56 0.70

Statin use(%)
Baseline 31 61 26 61 0.69
Month 6 31 61 24 57 0.54
Month 12 43 60 32 56 0.25

Uric acid
Baseline 0.33 +/- 0.10 60 0.37 +/- 0.13 55 0.04
Month 6 0.44 +/- 0.11 60 0.44 +/- 0.14 55 0.83
Month 12 0.46 +/- 0.10 58 0.45 +/- 0.12 53 0.86
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Adverse events

Infections The number of patients with primary or secondary CMV-infection, 
other viral infections, urinary tract infections or respiratory tract infections was 
comparable in both groups (table 4). No severe fungal infections were reported 
in this study. In the Tac treated group two patients with polyoma virus associated 
nephropathy were diagnosed. In the CsA group one patient with PTLD, localized 
in the graft , was reported, which eventually resulted in transplant-nephrectomy.

Tabel 4: Infectious complications in renal transplant recipients with basiliximab profylaxis 
and systemic exposure controlled maintenance dosing of calcineurin-inhibitors 

CsA (n=63) Tac (n=63) p-value
Viral complications, n (%)
 CMV primo infection 14.8 12.9 0.80
 CMV reactivation 17.5 19.7 0.82
 Other Herpes infections (HSV1, H.Zoster) 9.7 3.2 0.27
 EBV associated lymphoma 1.6 0.0 1.00
 BK virus nephropathy 0.0 3.2 0.50
 Infl uenza 3.2 0.0 0.50
Bacterial infections, n (%)
 Urinary tract infection 41.3 35.5 0.58
 Respiratory tract infection 9.5 12.9 0.58
 Surgical site (requiring antibiotics) 3.2 1.6 1.00
 Other 9.5 6.5 0.74

Post transplant Diabetes Mellitus

The decision to initiate antidiabetic drug therapy in transplant recipients was left  to 
the treating physician and not protocollized. PTDM was diagnosed when a patient 
without diabetes mellitus at baseline started with any antidiabetic drug during the 
study. Based on this defi nition the incidence of PTDM was signifi cantly higher in 
the Tac treated group as compared to the CsA treated group (19% vs. 4%, p=0.007) 
at one year (fi g 2b). It is important to emphasize that all patients were treated with 
10 mg of prednisolone during the entire study period. Table 5 shows clearly that 
this signifi cant diff erence persists when other defi nitions of PTDM are used. No 
patients were reported in whom all antidiabetic drugs could be discontinued.
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Table 5: Occurrence (%) of Post-Transplant Diabetes Mellitus (PTDM) in renal transplant 
recipients using the Bayesian estimator to guide dosing of cyclosporine or tacrolimus, 
following 4 diff erent defi nitions for PTDM

Defi nition for PTDM: Cyclosporine
(%)

Tacrolimus
(%)

p-value

A) Insuline dependency > 30 days 0.0 6.8 0.04

B) De novo use of any antidiabetic drug 3.6 18.6 0.01

C) Defi nition B or HbA1c > 6.4 % on 
   two successive occasions 10.9 22.0 0.06

D) Defi nition B or morning plasma glucose
   > 7.0 mmol/l on two successive occasions 10.9 30.0 0.01

Discussion 

In this study we demonstrate, that either the cyclosporine or tacrolimus based, 
AUC-guided drug regimen did not lead to any diff erence in the degree of renal 
fi brosis as quantifi ed by morphometric analysis of non-polarized Sirius Red stained 
protocol biopsies at 6 months. The la  er was chosen as an optimal surrogate 
marker for time to graft  failure.19;20 The use of either one of the two drugs in this 
study did not diff er signifi cantly regarding their impact on mean graft  function as 
estimated by the calculated GFR. Regarding non-immune toxicity parameters, a 
marked incidence of PTDM occurred in the Tac treated renal transplant recipients, 
and slightly higher cholesterol values and a trend to the use of more lipid-lowering 
drugs characterized the use of cyclosporine.
Results from studies focusing on optimal drug effi  cacy and minimal toxicity of 
calcineurin inhibitors are dependent on the drug monitoring strategy that has been 
used and especially the target ranges of drug levels that were accepted. Trough 
levels of both CsA and Tac are not closely correlated with either drug exposure 
or risk of allograft  rejection. Therefore, they should not be considered reliable for 
monitoring, especially not when the effi  cacy and side eff ects of these drugs are 
compared. AUC(0-12h) and derived parameters, such as absorption profi les, more 
closely relate with clinical outcome, also for patients receiving basiliximab.33 
However, this approach did not receive much a  ention in daily practice, largely 
because repetitively 12 hours sampling proved to be cumbersome, and therefore 
long term follow up studies are still lacking. The use of limited sampling combined 
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with a simple Bayesian forecasting method for both drugs enabled us to switch to 
AUC-guided dosing.29;30 For this study the target AUC for both drugs was chosen 
to reach similar mean trough levels for CsA and Tac in the study population as is 
generally accepted in common practice. However, it should be noted that, when 
compared to AUC(0-4h) targets reported in articles concerning AUC and absorption 
profi le monitoring the present AUC(0-12h) targets were considerably lower.23;34 For 
instance Mahalati et al. formulated an AUC(0-4h) target window between 4400-5500 
ng.h/ml early post transplantation, corresponding with an AUC(0-12h) window 
of about 9500-11500 ng.h/ml, whereas the early target AUC(0-12h) in our study of 
5400 ng.h/ml was lowered to 3250 ng.h/ml aft er the fi rst 6 weeks. Our goal was to 
make a exposure-controlled comparison between the two drug regimens, while 
minimizing nephrotoxicity. 
The use of a diff erent dose of MMF in the two groups (1000 mg versus 500 mg 
b.i.d.) was based on the known interaction between CsA and mycophenolate 
mofetil. Measurements of MPA-AUC during follow-up, revealed that this choice 
resulted in a comparable mean exposure of this drug in both groups early post 
transplantation. Aft er six weeks the MPA-AUC in the CsA group tended to be 
somewhat higher, probably due to the dose reduction of CsA.
The CsA-based protocol led to an increased number of acute rejection episodes at 
6 months and to a signifi cant higher percentage of subclinical rejections in protocol 
biopsies. Within the fi rst 3 months aft er transplantation, subclinical rejection has 
a reported prevalence between 23% and 43% in CsA treated patients, congruent 
with our data at 6 months.35-40 As compared to CsA, Tac has been associated 
with reduced interstitial infl ammation in protocol biopsies taken between 3 and 
6 months,41;42 a fi nding confi rmed in the present study. The presence of CAN in 
stable allograft s has consistently been associated with a decrease in renal allograft  
survival while a direct correlation between subclinical rejection and graft  survival 
has not been described thus far.41;43;44

Despite the AUC guided dosing, the Tac treatment was associated with a signifi cant 
higher incidence of PTDM in our study population, independent of the defi nition 
of PTDM that was used. Moreover, the large proportion of patients with disturbed 
morning plasma glucose values (table 5) provides an indication of the magnitude of 
the problem. PTDM and impaired glucose tolerance are increasingly recognized as 
serious complications of organ transplantation, resulting in increased susceptibility 
to infectious and cardiovascular complications, and ultimately decreased graft  
and patient survival.45-49 In addition to immunosuppressive drugs, risk factors for 
development of PTDM include age, ethnicity, obesity, glucocorticoid treatment for 

proefschrift rowshani.indd   40proefschrift rowshani.indd   40 4/12/2005   10:42:164/12/2005   10:42:16



Chapter 2

41

rejection and hepatitis C infection.14;50 Diff erent distribution of these risk factors 
between our study groups could not be found as an explanation for the increased 
incidence of PTDM in the Tac treated patients in the present study. 
In a recent study of 11659 fi rst kidney transplants in the United States Renal Data 
System the unadjusted cumulative incidence of PTDM at one year was 22.1% in Tac 
treated patient versus 14.2% in patients not treated with Tac. For patients receiving 
Tac as immunosuppressive drug, the relative risk for PTDM was 1.53 (1.29-1.81) 
in a Cox proportional Hazard analysis.14 The presence of PTDM had a signifi cant 
impact on end-points such as graft  failure (RR 1.63 (1.46-1.84) and death (RR 1.25-
1.70). In a recent meta-analysis of 16 prospective, randomized trials comparing 
Tac- with CsA-based immunosuppression the incidence of PTDM was higher 
among Tac treated patients, an eff ect observed aft er both renal and non-renal 
organ transplantation, and among patients receiving equal doses of concomitant 
medication in both treatment arms.51 Steroid-sparing regimens or lower Tac target 
levels are strategies considered to reduce the incidence of PTDM, but at the same 
time this will probably result in higher rejection percentages. 
In summary, in the present study with controlled systemic exposure of CsA- or 
Tac a diff erent spectrum of insults on graft  integrity was found: An increased 
incidence of (sub)clinical rejections in the CsA group and an increased incidence of 
PTDM in the Tac treated renal transplant recipients. At 6 months no diff erences in 
renal fi brosis as quantifi ed by morphometric analysis of non-polarized Sirius Red 
staining of protocol biopsies and at one year no diff erence in renal function could 
be detected. The increased incidence of acute rejections and subclinical cellular 
infi ltrates at 6 months in the CsA treated group did not infl uence the transplant 
function at one year in these patients, but the impact on long-term endpoints 
remains to be determined. A be  er understanding of these processes in order to 
balance the benefi ts of either CsA or Tac will be relevant for a patient oriented 
selection of appropriate drug therapy. 
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Abstract

Introduction. Interstitial fi brosis is the main characteristic of chronic allograft  
nephropathy and long-term graft  failure. Cyclosporin (CsA) is thought to be more 
fi brogenic than tacrolimus (Tac). 
Material and Methods. In a prospective, randomized multicenter trial using a 
calcineurin sparing regimen we compared renal interstitial fi brosis in CsA and 
Tac treated renal transplant recipients by image analysis of Sirius red stained 
cortical areas in protocol biopsies obtained at 6 (n=94) and 12 (n=97) months 
aft er transplantation. Immunosuppression consisted of CsA or Tac, CD25 mAb, 
mycophenolate mofetil and prednisolone. 
Results. CsA therapy increased the 6-month risk of subclinical rejection. The 
prevalence of subclinical rejection was 38.8% in the CsA and 15.2% in the Tac 
treated patient group (p=0.012). Strikingly, no diff erence in the degree of fi brosis 
was detectable between the two treatment groups. In particular, prior subclinical 
rejection episodes did not infl uence the degree of interstitial fi brosis. Also, no 
diff erence in GFR occurred at one year when the mean GFR mounted 63 ml/min. 
Conclusion. In contrast to previous reports, no signifi cant diff erences in quantitative 
renal fi brosis could be observed at 6 and 12 months between CsA and Tac treated 
renal transplant recipients. Although CsA treated patients developed signifi cantly 
more subclinical rejections at 6 months, this did not infl uence the degree of fi brosis 
nor the change in renal function at one year. 
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Introduction

Chronic allograft  nephropathy (CAN) is the most important cause of long term 
graft  failure. Its prevalence has been estimated as 50-94% at one year.1;2 In concept, 
clinical CAN refers to kidney transplant disease with a slow decline rate in renal 
function which histologically can be characterized by interstitial fi brosis, tubular 
atrophy, fi brointimal hyperplasia of the vessels and glomerulosclerosis. Since 
combined multifactorial processes are involved in the pathogenesis of CAN, a 
clear histopathologic distinction between diff erent causes, like chronic rejection, 
toxic eff ects of calcineurin inhibitors, hypertensive vascular disease and infection 
is not always possible in one single case.3 
Recently, the histopathological dynamics in the development of CAN were evaluated 
in retrospective studies of serial prescheduled biopsies from kidney-pancreas 
transplant recipients using the Banff  semi-quantitative grading system.1;4;5 Two 
distinctive phases of injury could be recognized. The early phase was characterized 
by tubulointerstitial damage that occurred during the fi rst year and correlated with 
ischemia–reperfusion injury, immunologic factors such as severe acute rejection 
and persistent subclinical rejection. The later phase consisted of chronic damage 
characterized by progressive arteriolar hyalinosis, ischemic glomerulosclerosis 
and further interstitial fi brosis which was associated amongst others with long-
term calcineurin-inhibitor nephrotoxicity. Regardless the nature and dynamics of 
the underlying disease, the extent of tubulointerstitial fi brosis has been reported 
to correlate with deterioration of renal function both in CAN and in other primary 
renal diseases.6-8 Reduction in creatinine clearance is a late sign of renal injury due 
to compensatory mechanisms within the kidney. Moreover, serum creatinine is 
an imperfect fi ltration marker. Accordingly, functional studies underestimate the 
extent of allograft  disease as supported by longitudinal studies of protocol renal 
biopsies showing histological features of CAN in well-functioning graft s.1;5;9;10 
Therefore, early histological detection of CAN has been suggested to be helpful 
in predicting the risk for subsequent loss of function, time to graft  failure and to 
estimate the effi  cacy of therapeutic measures.11;12

Semiquantitative grading systems like Banff  97 appear to have a wide inter-observer 
variation which makes comparative studies across centers inaccurate.13-16 In 
contrast, computerized image analysis of fractional interstitial fi brosis of Sirius red 
(SR) stained renal biopsies has been shown to be a valid and reproducible method 
to measure the degree of fi brosis.17;18 SR is a specifi c staining for collagen type I 
and III which represent 80% and 20% respectively of total collagen synthesized 
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by fi broblasts and thereby important components of renal matrix. Recently, 
quantifi cation of renal fi brosis assessed by Sirius red staining has been validated 
because it correlated signifi cantly with glomerular fi ltration rate as measured by 
iothalamate clearance in cases of established CAN.19

On the one hand, the impact of calcineurin inhibitors on improvement of one 
year cadaveric graft  survival has been revolutionary. On the other hand, dosages 
which are needed to prevent immunologic graft  failure are known to cause 
progressive nephrotoxicity and long term graft  failure.5 Although tacrolimus (Tac) 
and cyclosporin (CsA) are structurally not related, they induce similar histologic 
lesions, including toxic tubulopathy, de novo arteriolar hyalinosis, striped cortical 
fi brosis, tubular microcalcifi cation and diff use interstitial fi brosis.5;20;21 The area 
under the concentration-over-time curves (AUC) of both CsA and Tac are reported 
to predict clinical parameters and nephrotoxicity be  er than do trough levels.22-24 
Up to now, data on relating AUC guided dosing of calcineurin inhibitors and 
quantitative measurements of tubulointerstitial fi brosis as a marker for histological 
monitoring are lacking.
Confl icting results have been reported by randomized trials comparing the 
eff ect of CsA and Tac on renal allograft  survival.25-28 Sparse data are available 
on diff erential eff ects of CsA and Tac on the development of renal fi brosis as 
measured by histomorphometric analysis methods.2;29-31 Moreover, these studies 
are diffi  cult to compare because of diff erent immunosuppressive regimens and 
diff erent histomorphometric analysis methods as well as the use of trough levels 
for drug monitoring aiming at diff erent target values. 
In the present study, using a calcineurin inhibitor sparing regimen, we a  empt 
to establish the diff erences in fi brogenicity between low target-AUC guided 
dosing of the calcineurin inhibitors CsA and Tac at 6 months and one year aft er 
transplantation in patients treated with a quadruple immunosuppressive drug 
regimen. 

Materials and methods

Patients 

This open-label randomized controlled trial was conducted in Amsterdam and 
Leiden, the Netherlands. The study was approved by the institutional medical 
ethic commi  ees of both centers. Each patient had given wri  en informed consent. 
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According to this protocol, 126 renal transplant recipients (> 18 yr of age) of a fi rst or 
second graft , except for highly immunized patients with panel reactive antibodies 
> 80%, were prospectively randomized between October 2000 and October 2002 to 
either a Tac-based (n=63) or CsA-based (n=63) immunosuppressive regimen. Renal 
function at 6 and 12 months was measured according to the formula of Nankivell 
et al.32 Baseline demographic and transplant-related characteristics, such as sex, 
age, the number of HLA-mismatches, percentage of panel reactive antibodies, 
underlying disease, type of procedure, warm and cold ischemia time and the 
occurrence of delayed graft  function were not signifi cantly diff erent between the 
two groups. In the CsA treated group, more patients received a second transplant 
(previous transplant in CsA vs. Tac group: 12.7% vs. 1.6%, p=0.03). 

Renal allograft  biopsies 

Protocol renal biopsies were obtained at the time of transplantation and at 6 and 12 
months aft er transplantation. At 6 months and 12 months, biopsies were obtained 
in 83% and 88% of the evaluable patients in the CsA group and in 82% and 84% 
of the evaluable patients in the Tac group. Reasons for missing were primarily 
inadequate renal biopsy for proper Banff  classifi cation scoring, increased bleeding 
risk and secondary refusal by patients to undergo a protocol biopsy. The prevalence 
of inadequate samples defi ned as less than seven glomeruli and/or no artery was 
6%. The biopsies were evaluated by two independent nephropathologists who 
were not aware of any clinical information. The Banff  classifi cation scheme was 
applied, in which the severity of acute and chronic changes of the glomeruli, 

vessels, tubules, and interstitium of a renal allograft  is assigned a value of 0 to 3.33 
To get insight in the variability of scores between observers, each fi ft h biopsy was 
scored by every pathologist independently and the diff erences were discussed. 

Inter-observer agreement

The inter-observer agreement was good for the presence of acute features like 
tubulitis, glomerulitis, interstitial infi ltrate and arteritis with a weighted kappa 
ranging from 0.6 to 0.8. However, the agreement between observers was poor for 
chronic features (weighted kappa range: 0.12 -0.49). 
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Defi nitions

Histological CAN was defi ned as the presence of interstitial fi brosis and tubular 
atrophy with or without fi bro/intimal vascular thickening. CAN grade 0 referred 
to less than 6 percent aff ected cortical area, upgrading to grade I with 6-25% 
cortical fi brosis and grade II with 26-50% cortical fi brosis. In CAN grade III more 
than 50% of interstitial cortical area was fi brotic. Subclinical rejection was defi ned 
as the occurrence of histopathologic signs of rejection without clinical signs of 
deterioration of renal function. Using the Banff  classifi cation scheme, subclinical 
rejection is classifi ed as acute (Banff  grade 1A or higher) or as borderline with 
tubulitis score of 1 and mononuclear cell infi ltration score of 1 or 2, without arteritis. 
Calcineurin-inhibitor toxicity was defi ned as the presence of nodular arteriolar 
hyalinosis and/or striped fi brosis and tubular microcalcifi cation. 

Study medication and AUC-guided dosing of calcineurin inhibitors 

Patients were prospectively randomized 1:1 and treated with either a standard 
CsA-based or with a Tac–based immunosuppressive regimen. In the fi rst week 
aft er implantation CsA or Tac were given twice daily at 12 hours intervals, starting 
before surgery (starting dose 4 mg/kg b.i.d. for CsA and 0.1 mg/kg for Tac). The 
initial target 12 hours trough level (C=0) in the fi rst week was aimed at 225 ng/ml 
(range 200-250) and 12.5 ng/ml (range 10-15) for CsA and Tac respectively. CsA 
and Tac AUC0-12h were estimated at week 2, 4, 6, 8, 12, 17, 21, 26, 39 and 52 using 
a population based 2-compartemental pharmacokinetic model combined with 
Bayesian fi  ing and limited sampling. Subsequent dose adjustments were made to 
achieve the predefi ned target AUCs: CsA AUC0-12h: 5400 ng.h/ml within the fi rst 
6 weeks which correspondences with a mean average trough level of 225 ng/ml; 
aft er 6 weeks 3250 ng.h/ml which corresponds to a mean average trough level of 
125 ng/ml. Tac AUC0-12h: 210 ng.h/ml within the fi rst 6 weeks which corresponds 
to a mean average trough level of 12.5 ng/ml; aft er 6 weeks 125 ng.h/ml which 
correspondences with a mean average trough level of 7.5 ng/ml. Analysis of 
pharmacokinetic parameters resulting from the AUC-guided dosing strategy for 
both drugs revealed that the actual measured AUCs of CsA and Tac were kept 
closely to the target AUCs. CsA was given at an actual mean dose (mg/kg/day) 
of 7.62, 5.72, 3.06, 2.86 and 2.82 during the periods between 0-2, 2-6, 6-12, 12-26 
and 26-52 weeks aft er transplantation. Corresponding actual mean doses for Tac 
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were 0.168, 0.176, 0.110, 0.104 and 0.086. Concomitant immunosuppressive drug 
therapy consisted of prednisolone (100 mg per day 1-3, 50 mg per day 4, 20 mg per 
day 5-14, 15 mg per day 15-21, 10 mg aft er day 22 in both groups), mycophenolate 
mofetil (1000 mg b.i.d. and 500 mg b.i.d. in combination with either CsA or Tac 
respectively) and basiliximab prophylaxis (20 mg on days 0 and 4). Drugs, that are 
known to alter concentrations of Tac or CsA, were prohibited. Biopsy proven acute 
rejection was treated with methylprednisolone 1000 mg for three consecutive days. 
Anti-thymocyte globulin (rATG Merieux) was given for steroid resistant rejection 
episodes and for second acute rejection episodes. Only in case of a rejection > Banff  
grade II A, treatment conversion to the other calcineurin based protocol was done. 
Subclinical rejection was not treated.

Staining

Biopsies were processed for routine light microscopy. Tissue was embedded in 
paraffi  n, cut into 4 µm sections and stained with hematoxylin and eosin, periodic 
acid-Schiff , and Sirius red. Two µm sections were stained with silver methamine. 

Image analysis

Image analysis was performed by a technician blinded to the clinical source of 
the sample. The slides were examined with a Zeiss microscope equipped with 
full color 3CCD camera. A background image of a blank area of the slide was 
initially obtained and background correction was performed in real time to adjust 
for subtle irregularities in the illumination of the microscope fi eld. The images 
were acquired using the 40X objective. Ten images of the cortex were obtained in a 
serpentine fashion. Vessels larger than the size of adjacent tubules, the subcapsular 
cortex, and the medulla were excluded. Image analysis was performed using the 
Image Pro Plus soft ware package (Media Cybernetics, Gleichen, Germany). Aft er 
the soft ware was set to diff erentiate the positively stained from negatively stained 
areas on the fi rst image, the soft ware sequentially opened each image, did the 
analysis, stored the data, closed the image, and moved onto the next image until 
the entire fi le was analyzed. The amount of cortical collagen (Sirius Red positive 
area) was then measured and was fi nally expressed as the percentage of the total 
analyzed cortical surface.
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Statistical analysis

All analyses were performed according to the intention-to-treat principle. Results 
are given as mean +/- SD for interval and ordinal variables and as numbers (%) for 
nominal variables. For comparisons of interval variables at individual time points 
between diff erent categories Student’s independent samples t-test was used. 
When statistical assumptions for interval variables were not met and in case of 
ordinal variables Mann-Whitney’s two-independent-samples test was used. In case 
of repeated measurements repeated measures analysis (GLM) was used. When 
statistical assumptions were not met, Wilcoxon signed rank-test was used. Nominal 
variables were analysed using cross-tables and exact p-values were calculated. The 
incidence of acute rejection and de novo diabetes mellitus was estimated using 
Kaplan-Meier’s product-limit method. Survival curves for treatment categories were 
compared using the log-rank test. Regarding the measurement of inter-observer 
agreement for ratings according to Banff -classifi cation weighted kappa-statistic 
was used and p-values calculated. P-values < 0,05 were considered statistically 
signifi cant. All analyses were performed using SPSS statistical soft ware package 
(version 10.07; SPSS Inc. Chicago Ill.).

Results

Patient survival, graft  survival and graft  function 

At one year aft er transplantation, patient survival was 97% in CsA treated patients 
and 98% in Tac treated patients; graft  survival was 95% versus 91% respectively. 
In the CsA treated patients one nephrectomy was performed because of post 
transplant lymphoproliferative disease which was localized in the graft ; in the Tac 
treated patients there were two primary non functioning graft s, two early graft  
failures aft er surgical complications and one failure aft er a hyperacute humoral 
rejection. 
No diff erences were found in proteinuria and in renal function at 6 and 12 months: 
mean creatinine clearance±SD at one year: CsA 64±16 ml/min vs. Tac 65±17 ml/min 
(p=0.67). Therefore, no diff erences in clinical CAN were observed. The change in 
function between six months and one year was not infl uenced by the choice of 
calcineurin inhibitor. The mean diff erence in change between treatment groups 
was 1.13 ± 1.74 ml/min (confi dence interval: -2.13 to 7.58).
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Subclinical rejection and acute rejection 

CsA treatment was associated with higher grades of tubulitis at 6 months as 
compared to Tac (mean tubulitis score ± SD: CsA: 0.6 ±0.8 vs. Tac: 0.4 ±0.6, Mann-
Whitney test: p=0.06). Accordingly at 6 months, CsA therapy was accompanied by 
signifi cantly higher rates of subclinical rejection. The total prevalence of subclinical 
rejections was 38.8% in CsA vs. 15.2% in Tac (p=0.012). The prevalence of subclinical 
borderline rejections was 27% vs. 11% and subclinical Banff  1A 12% vs. 4 % in the 
CsA versus Tac group (Figure 1A). However, this diff erence did not hold at one 
year. In the total cohort, the prevalence of subclinical rejection was 27% and 19% 
at 6 and 12 months. The change in renal function between six months and one year 
(ΔGFR) was not infl uenced by the occurrence of subclinical rejection at 6 months 
(mean ΔGFR ± SD: No subclinical rejection; -1.89±8.89 ml/min, subclinical rejection 
present; –0,24±8.35 ml/min, p=0.28, patients with a prior clinical rejection episode 
excluded, Mann-Whitney test). 
The cumulative incidence of biopsy proven acute rejections was higher in CsA 
treated patients as compared to Tac treated patients (16.2 % versus 6.6% at 6 
months, p = 0.12) (Figure 1B). Steroid-resistance, requiring anti-thymocyte globulin 
therapy, occurred in 6% of the patients in the CsA treated group and 2% of the Tac 
treated patients. In the Tac group one additional late acute rejection episode (at 
330 days post transplantation) due to patient incompliance with undetectable Tac 
levels at the time of rejection occurred. 

Banff  assessment

Histopathological characteristics of allograft s at implantation, 6 months and one 
year aft er transplantation are given in Table 1. Except the trend towards higher 
tubulitis scores at 6 months in CsA group, no other diff erences in histological 
features were found between both treatment groups at diff erent time points. 
Indeed, no diff erences in histological CAN could be detected (CAN prevalence: 6 
months; CsA 51% vs. Tac 57%. one year; CsA 61% vs. Tac 65%) (Figure 1C).

Calcineurin inhibitor nephrotoxicity 

Calcineurin inhibitor nephrotoxicity as defi ned by the presence of de novo nodular 
arteriolar hyalinosis and/or striped fi brosis and tubular microcalcifi cation was 
found to be present in 15% of the biopsies at 6 months and in 24% of the biopsies at 
one year with equal distribution between both treatment groups (Table1). Arteriolar 
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hyalinosis was not infl uenced by the type of calcineurin inhibitor treatment, prior 
hypertension, dyslipidemia or diabetes mellitus (data not shown). 
 

Figure 1: Prevalence of subclinical rejection in sequential biopsies at 6 months aft er 
transplantation and incidence of histologically defi ned acute clinical rejection in both 
treatment groups are shown in Figure 1A and 1B respectively.  The dashed line in Figure 
1B represents the incidence of acute clinical rejection in the CsA group with the solid line 
as its equivalent in Tac treated patients. Panel C indicates the prevalence of diff erent grades 
of CAN according to the Banff  classifi cation at one year in both groups. No signifi cant 
diff erences were detected.
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Table 1: Characteristics of the allograft  at the time of transplantation and at 6 or 12 months 
aft er transplantation.*

Banff  characteristics CsA T0 Tac T0 CsA T6 Tac T6 CsA T12 Tac T12

Tubulitis 0±0.00 0±0.00 0.61 ±0.73 0.36±0.57 0.31±0.65 0.49±0.76

Interstitial infi ltrate 0.08±28 0.06±0.24 0.59±0.70 0.40±0.62 0.61 ±0.96 0.43±0.69 

Glomerulitis 0±0.00 0 ± 0.00 0.16±0.43 0.16 ±0.47 0.12 ±0.33 0.15±0.42

Arteritis 0±0.00 0±0.00 0 ±0.00 0 ±0.00 0.10 ±0.50 0.07±0.44

Arterial hyalinosis 0.31±0.67 0.41±0.50 0.41±0.61 0.38 ±0.68 0.57 ±0.79 0.60±0.79

Allograft  glomerulopathy 0±0.00 0±0.00 0.10 ±0.37 0.07± 0.33 0.02 ±0.14 0.02±0.15

Interstitial fi brosis 0.36±0.59 0.40±0.60 0.80 ±0.71 0.71 ±0.76 0.92 ±0.89 0.87±0.75

Tubular atrophy 0.56±0.61 0.62±0.55 0.84 ±0.55 0.98 ±0.66 1.14±0.75 1.09±0.66

Fibrointimal thickening 0.11±0.31 0.19±0.40 0.49 ±0.65 0.33 ±0.52 0.52±0.58 0.46±0.66

Mesangial matrix increase 0.17±0.51 0.03±0.17 0.33 ±0.63 0.27 ±0.50 0.37 ±0.60 0.30±0.47

* P-values between diff erent biopsy time points (6 and 12 months) were not signifi cant for any of 
the histopathological Banff  features (Mann-Whitney test). Banff  scores are presented as mean±SD. 
Number of biopsies was at the time of transplantation 70, at 6 months 94 and at one year 97.

Quantitative renal allograft  fi brosis

The eff ect of AUC–guided dosing of CsA or Tac on renal allograft  structure was the 
primary outcome variable. Quantitative assessment of cortical fi brosis revealed no 
diff erences between the CsA and Tac group at 6 months (mean percentage of Sirius 
Red positive area ±SD, CsA (n=50) vs. Tac (n=44), 12%±5.4 vs.12.3%±4.3 p=0.78). At 
one year, similar results were obtained (mean percentage of Sirius Red positive 
are ±SD, CsA (n=48) vs. Tac (n=47), 13.7% ±5.6 vs.13.3% ±5.9 p=0.73] (Figure 2A). 
Increased interstitial Sirius red stained fi brosis corresponded to a higher degree (II 
and III) of CAN in this cohort (data not shown). 
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Figure 2: Panel A shows no diff erence in quantitative renal fi brosis as measured by image 
analysis of SR stained cortical area of interstitial fi brosis in CsA and Tac treated patients 
at one year. Panel B shows that increased fi brosis as indicated as mean percentage of SR 
positive area of fi brosis on the Y-axis is not infl uenced by a prior subclinical rejection (X-axis) 
in protocol biopsies. 

The degree of fi brosis at one year was not infl uenced by a prior acute rejection 
episode (p=0.28). Also the occurrence of subclinical acute and borderline rejection 
episodes did not lead to signifi cantly higher percentages of Sirius red positive 
area at one year (Figure 2B). No correlations were detectable between donor 
related variables (donor age, cold ischemia time, donor type and number of HLA 
mismatches) and the degree of fi brosis at one year. Renal allograft  function at 6 
and 12 months was signifi cantly correlated to the degree of fi brosis as measured 
by Sirius red (p=0.03 and p=0.05 respectively). 

Discussion

In this prospective, randomized multicenter trial using a calcineurin sparing 
regimen with tight controlled systemic exposure, no signifi cant diff erences 
in the development of renal allograft  fi brosis as measured by digital image 
analysis of Sirius red stained biopsies were detected at 6 months and one year 
aft er transplantation between AUC guided dosing CsA and Tac. Patient and graft  
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survival rates were similar between the two groups, exceeding 96% and 90% 
respectively. The available 2 years analysis at this moment is still congruent with 
the one years results, showing no diff erence in renal function between CsA and Tac 
treated recipients. The creatinine clearance at 2 years measures 54.0 ± 15 ml/min 
(mean ± SD, n=57) in the CsA group vs. 54.2 ± 16 ml/min (n=51) in the Tac group. 
However, at 6 months CsA treated patients had developed a signifi cantly higher 
prevalence of subclinical rejections and a higher number of acute clinical rejections 
than Tac patients without signifi cant consequences for changes in renal function 
at one year. 
Although confl icting data have been reported by randomized trials comparing the 
eff ects of micro-emulsion CsA and Tac on renal allograft  survival, most studies fail 
to show any diff erence in patient and graft  survival.25-28 Sparse data are available 
on diff erential eff ects of CsA and Tac on the development of renal allograft  fi brosis 
as measured by histomorphometric methods, showing a stronger fi brogenic eff ect 
of CsA as compared to Tac.2;29-31 The fi rst prospective, randomized comparative 
study between CsA and Tac using quantitative computerized image analysis of 
fractional interstitial fi brosis of Sirius red stained renal allograft  biopsies at one 
year was reported by Murphy et al.29 Treatment with high dose CsA (15 mg/kg/
day) aimed at mean trough levels of 200-300 ng/ml during the fi rst 3 months as 
compared with Tac (0.1 mg/kg/day) aimed at trough levels of 8-15 ng/ml, was 
associated with signifi cantly higher degrees of fi brosis in CsA treated patients 
whereas no diff erences in renal function, acute rejection rate and de novo 
occurrence of diabetes mellitus were observed. During the fi rst two weeks aft er 
transplantation, CsA trough levels were reported to be as high as 400-500 ng/ml. 
Recently, in a large retrospective study of serial biopsies, Nankivell et al reported 
that early-onset acute and chronic structural CsA nephrotoxicity with respectively 
a point prevalence of 13% and 50% at one year could be predicted by a trough level 
higher than 200 ng/ml at 3 months and by trough levels exceeding the median 
of 180 ng/ml aft er one year.5 A CsA threshold dose of 5 mg/kg/day during the 
fi rst year which is considered in common practice as instrumental for prevention 
of immunologic graft  failure, was inferred from their analysis as contributing to 
progressive arteriolar injury. CsA-AUC, but not trough levels, predict clinical 
parameters like acute rejection and acute nephrotoxicity more accurate.22-24 In our 
study, analysis of pharmacokinetic parameters resulting from the AUC-guided 
dosing strategy for both drugs revealed that the actual measured AUCs of CsA 
and Tac were kept closely to the predefi ned low target AUCs, which may explain 
that no diff erence in renal fi brosis was detected. 
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Calcineurin inhibitor nephrotoxicity was found to be present in 15% of biopsies 
at 6 months and in 24% of biopsies at one year with equal distribution between 
the two treatment groups. This incidence is lower than reported by Nankivell et 
al who retrospectively analyze longitudinally obtained biopsies from pancreas-
kidney transplant recipients where calcineurin-nephrotoxicity was shown to be as 
high as circa 53% at one year aft er transplantation.5 Thus, AUC guided dosing of 
calcineurin inhibitors may indeed result in less nephrotoxicity with maintenance 
of effi  cacy. 
In our study, CsA therapy was associated with a signifi cantly higher prevalence 
of subclinical rejection during the fi rst 6 months and also with a higher number 
of acute rejections as compared to the Tac group. This is in agreement with 
previously reported data.1;34 However, both acute and subclinical rejection did 
not infl uence the degree of fi brosis, and the change in renal function was similar 
in both groups. This may be explained by a low cumulative incidence of acute 
rejections (11.5%) without a signifi cant diff erence in steroid resistant rejection 
rate between the treatment groups which is congruent with data referring to only 
severe acute rejections, as defi ned by the need for antilymphocyte therapy, leading 
to an increase in Banff  scores for CAN.1 Subclinical rejections have been regarded 
increasingly as a risk factor for the development of CAN.1;35-37 Nankivell et al 
showed moderate CAN in 25.6% of biopsy specimens with previous evidence of 
subclinical rejection as compared with 7.5% of those without previous subclinical 
rejection (P<0.05). Shishido et al37 evaluated protocol biopsies of patients with 
established CAN. Subclinical rejection was evident in 50%, 32%, 19%, and 16% of 
cases with CAN at 1, 2, 3, and 5 yr, respectively. However, the long-term eff ect of 
subclinical rejection(s) on development of renal allograft  function and survival, 
as well as their impact on induction of quantitatively measurable renal fi brosis 
has yet to be determined in a prospective design. Future studies are needed to 
clarify the pathogenesis of these clinically silent infi ltrates with regard to recipient 
factors or possible diff erences in off ending mononuclear cells. Hyperexpression of 
the specifi c granzyme B inhibitor proteinase 9 by tubular cells has been described 
as a potential mechanism for clinical silence of these infi ltrates in subclinical 
rejection.38

Because the superiority of new agents such as rapamycine has not been 
completely validated, optimizing calcineurin inhibitor therapy as the backbone 
of immunosuppression in solid organ transplantation is warranted. Calcineurin 
inhibitors act like a double edged sword with proven immunologic control leading 
to revolutionary improvement in short term graft  survival on the one side, and 
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induction of chronic nephrotoxicity and persistent structural damage on the 
other side. We conclude that this dilemma can be appropriately approached by a 
tight controlled systemic exposure of these drugs based on AUC guided dosing, 
in combination with potent prophylactic immunosuppression using quadruple 
immunosuppression.
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Abstract

Prophylactic treatment with CD25 mAb has led to a signifi cant decrease of acute 
rejection rates aft er renal transplantation. However, despite its inhibitory eff ect 
on T cell proliferation and eff ector functions, rejections still occur. To obtain 
more insight in persistent alloreactivity, we evaluated the eff ects of the chimeric 
IgG1ҝ CD25 mAb Basiliximab® on proliferation and diff erentiation of alloactivated 
T cells from healthy individuals in vitro. Moreover, the capacity of other members 
of the common cytokine-receptor γ-chain family to overcome the inhibitory 
eff ects of CD25 mAb was studied. The CD25 mAb appeared to limit expansion 
of alloreactive lymphocytes rather than blocking entry into cell cycle, and it did 
so irrespective of the previous antigen experience of the cells. Both CD4+ and 
CD8+ alloresponsive lymphocytes showed diminished intracellular expression of 
IFN-γ, TNF-α, perforin and granzyme B. Remarkably, cytotoxicity was completely 
abolished. IL-7, IL-15 and IL-21 could bypass the inhibitory eff ects of the CD25 
mAb on both proliferation and cytotoxicity. In conclusion, persistent alloreactivity 
in the presence of therapeutic concentrations of CD25 mAb may be caused by 
alloreactive T cells that still produce cytokines that can damage the allograft . In 
addition, other members of the common cytokine-receptor γ-chain family can 
rescue the proliferative and cytotoxic activity of these alloreactive T cells.
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Introduction

Prophylactic use of mAb that are specifi c for the IL-2Rα (CD25), in combination 
with either dual or triple immunosuppressive drug regimens during the fi rst 
year post kidney transplantation, has helped to decrease acute rejection rates to 
15–20%. The mAb are well tolerated, as is evident from the adverse-event profi le 
in diff erent doubleblind, randomized, placebo-controlled clinical trials.1–4 In 
addition, human anti-idiotypic antibodies are rarely formed against this type of 
drug, implicating a low immunogenicity.5 However, the precise mechanism of 
action remains unclear. In particular, it is still not fully understood why, despite 
inhibitory eff ects of the mAb on proliferation and cytotoxic eff ector function of 
alloreactive lymphocytes6-8, the occurrence of acute T cell mediated allograft  
rejections is not completely prevented. 
T cells play a pivotal role in acute allograft  rejection. Upon allogeneic stimulation, 
the expression of IL-2Rα is rapidly induced and it – together with the constitutively 
expressed β- and γ-chains, CD122 and CD132 — forms the high-affi  nity receptor 
for IL-2 on activated T cells.9 Like other members of the common cytokine-receptor 
γ-chain family (IL-4, IL-7, IL-9, IL-15 and IL-21), IL-2 acts at diff erent stages of the 
immune response to promote proliferation, diff erentiation and survival of T cells. 
Aft er TCR ligation by peptide-MHC complexes, substantial T cell clonal expansion 
occurs, which is driven in part by IL-2. In addition, this cytokine plays a crucial 
role in acquisition of cytotoxicity: TCR-dependent stimulation of murine CD8+ 
transgenic T cells could induce cytolytic activity only in the case of IL-2-driven 
proliferation in the presence of costimulatory signals, or in response to exogenous 
IL-2 if costimulatory molecules were absent.10 

There is much data suggesting that lymphocyte proliferative potential and 
maturation into cytotoxic cells are not necessarily coupled to each other. 
CD4+and CD8+ T cells were shown to proliferate in response to stimulation by 
two diff erent mAb directed against CD2, but didn’t develop cytotoxicity. Only 
aft er addition of rIFN-γ or rIL-2 to these cells did the CD8+ T cell subset acquire 
cytotoxic function, suggesting a serial, step-wise pathway leading to cytotoxic 
eff ector function.11 Another example is the generation of CD8+ T cells and their 
enhanced expansion — but without any cytolytic function — in response to 
anti-CD40-activated dendritic cells expressing high levels of B7 costimulatory 
molecules.12 In mice made tolerant for transplanted skin allograft s, alloantigen-
reactive CD8+ cells were shown to proliferate, yet to be compromised with respect 
to IFN-γ production and alloantigen-specifi c cytotoxicity.13 These examples may 
refl ect physiological checkpoints in diff erential signaling requirements leading to 
activation, proliferation and maturation in terms of cytotoxicity. 
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In the present study we evaluated the eff ects of Basiliximab® – a chimeric mAb 
of the IgG1κ class directed against IL-2Rα — on the activation, proliferation and 
expression of cytokines and cytotoxic eff ector molecules of alloantigen-activated 
human T cells in vitro. In addition, the eff ect of this mAb on cytotoxic potential 
of alloantigen-activated T cells was measured. Finally, we studied the capacity of 
several members of the common cytokine-receptor γ-chain family to overcome the 
possible inhibitory eff ects of the CD25 mAb.

Results

CD25 mAb inhibits the division capacity of lymphocytes rather than their entry 
into cell cycle

Incorporation of [3H]thymidine was used to evaluate the inhibitory eff ect of CD25 
mAb on the proliferative capacity of the alloantigen-responsive cells. As depicted 
in Figure 1, maximal inhibition of proliferation was reached at a concentration of 
100 ng/ml CD25 mAb. Further increases in the concentration of CD25 mAb did not 
lead to more inhibition of proliferation of responder cells. Notably, in the presence 
of CD25 mAb, 10-20% of alloreactive lymphocytes still responded. 

Figure 1: CD25 mAb inhibits proliferation of alloreactive lymphocytes. MLC of three 
responder-stimulator combinations were set up. Diff erent concentrations of CD25 mAb 
(x-axis) were added at the start of the cultures. The response was quantifi ed by [3H]thymidine 
incorporation at day 5. The y-axis shows the percentage of inhibition of the proliferative 
response by the CD25 mAb.
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We wondered whether this was due to inhibitory eff ects of CD25 mAb on the 
recruitment of alloreactive T cells into the dividing pool, or to its ability to inhibit 
the proliferative capacity of recruited, responding T cells. Therefore, we used FACS 
analysis to evaluate the proliferation rate of 5-(and-6)-carboxyfl uorescein diacetate 
succinimidyl ester (CFSE)-labeled alloreactive CD4+ and CD8+ T cells in mixed 
lymphocyte cultures (MLC), in the absence or presence of diff erent concentrations 
of CD25 mAb, and calculated their precursor frequency.14 As depicted in Figure 
2A, B and in Table 1, the precursor frequency of both CD4+ and CD8+ T lymphocyte 
subsets was only slightly aff ected by blockage of IL-2Rα (diff erences were not 
signifi cant). This indicates that approximately 80% of the responder cells can 
still be recruited to divide in the presence of CD25 mAb, implicating a stronger 
inhibitory eff ect of CD25 mAb on sustained proliferation than on activation of 
lymphocytes. Although the diff erences were not signifi cant, CD8+ T cells seemed 
to be more sensitive than CD4+ T cells to the inhibitory eff ect of CD25 mAb on 
proliferation.

Figure 2: CFSE dilution and the determination of precursor frequency of allogeneic 
stimulated total lymphocytes, CD4+ and CD8+ T cells. CFSE-labeled lymphocytes were 
used as responder cells in MLC in the absence (panel A) or presence (panel B) of CD25 
mAb at a concentration of 1000 ng/ml. Results of one representative experiment out of 
four peripheral blood experiments are shown. The same experiment was performed with 
umbilical cord cells from one donor in the absence (panel C) or presence (panel D) of CD25 
mAb at a concentration of 1000 ng/ml. At day 5, fl ow cytometric analysis was performed. 
On the x-axis the MFI of CFSE is depicted in arbitrary units on a log scale. On the y-axis cell 
counts are given.
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Table 1: CD25 mAb only slightly decreases the precursor frequency of responder cells in 
MLC from adult peripheral blood.a

Precursor frequency 
total lymphocytes

Precursor frequency 
CD4+ T lymphocytes

Precursor frequency 
CD8+ T lymphocytes

No CD25 mAb 10.35 (5.10–17.00) 3.8 (2.4–4.5) 4.4 (1.5–20.2)

CD25 mAb 1000 ng/ml 7.6 (4.3–11.8) 2.65 (0.95–3.70) 1.50 (0.82–6.70)

a The table shows medians (and ranges) of precursor frequencies aft er MLC in the presence or 
absence of CD25 mAb. No signifi cant diff erences were detected between experiments performed 
in the absence (n=4) and those in the presence (n=4) of the CD25 mAb (Wilcoxon signed rank 
test).

Next, we questioned whether the diff erentiation state of responder lymphocytes 
would infl uence the eff ect of CD25 mAb on their precursor frequency. Therefore, 
we stimulated cord blood cells with alloantigens in MLC in the absence or presence 
of CD25 mAb at a concentration of 1000 ng/ml; this revealed similar results (Figure 
2C, D) as were found when adult peripheral blood were used as responder cells.

CD25 mAb has a limited eff ect on the expression of eff ector molecules

Next, we questioned whether CD25 mAb could aff ect the functional maturation 
of alloantigen-stimulated T cells. Therefore, we measured intracellular expression 
of the eff ector cytokines IFN-γ and TNF-α, and of the cytotoxic eff ector molecules 
perforin and granzyme B in CD4+ and CD8+ lymphocytes. CD25 mAb at a 
concentration of 1000 ng/ml appeared to induce only a slight decrease in the 
percentage of cells expressing IFN-γ, TNF-α, granzyme B and perforin, and 
also caused a decrease in the mean fl uorescence intensity (MFI) of intracellular 
expression of these molecules (Figure 3).
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Figure 3: CD25 mAb slightly inhibits the expression of eff ector molecules. Intracellular 
expression of IFN-γ, TNF-α, granzyme B and perforin in alloresponsive CD8+ lymphocytes 
generated in a 5-day MLC in the absence (black line) or presence (gray line) of 1000 ng/
ml CD25 mAb. The x-axis shows the MFI of PE-conjugated antibodies to IFN-γ, TNF-α, 
granzyme B, and perforin, respectively.

CD25 mAb completely inhibits the cytotoxic function of alloantigen-reactive 
cells

The actual lytic capacity of alloantigen-stimulated cells in the absence or presence 
of CD25 mAb at a concentration of 1000 ng/ml was tested against allogeneic 
target cells. As shown in Figure 4A, CD25 mAb strongly inhibits alloreactive 
cytotoxicity. Aft er separation of the cells into CFSEhigh and CFSElow-neg cells by 
FACS, CFSElow-neg cells — designated as proliferating cells — were shown to be 
almost completely inhibited in their cytotoxic function. Given the fact that, under 
the infl uence of CD25 mAb, intracellular expression of granzyme B and perforin 
in CTL is decreased but not completely abolished, we questioned whether the 
intrinsic cytotoxic capacity of the cells was impaired by the action of CD25 mAb. 
Therefore, we tested cytotoxicity towards CD3-mAb coated mouse mastocytoma 
(P815) target cells. Figure 4B shows a complete inhibition of the lysis of P815 
cells by alloreactive eff ector cells aft er addition of CD25 mAb as compared with 
the assay without CD25 mAb, which is consistent with an intrinsic inhibition of 
cytotoxic capacity of these cells.
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Figure 4: (A) CD25 mAb strongly inhibits alloreactive cytotoxicity. Cytotoxicity was 
measured by [51Cr]-release, as depicted on the y-axis. Alloreactive CTL were generated in 
MLC aft er 5 days of allogeneic stimulation in the absence (broken lines) or presence (solid 
lines) of CD25 mAb (1000 ng/ml). The cytotoxic activity of the total alloreactive lymphocyte 
pool is shown as gray symbols. Using a CFSE dilution assay, CFSEhigh cells were designated 
as undivided (white symbols) and CFSElow–neg cells were designated as divided cells 
(black symbols). (B) CD25 mAb inhibits antigen-nonspecifi c cytotoxicity. The cytotoxicity 
was measured by [51Cr]-release (y-axis) towards CD3-mAb-coated mouse mastocytoma 
(P815) target cells (5000 per well) without (broken line) and in the presence (solid line) of 
1000 ng/ml CD25 mAb. Diff erent numbers of alloreactive eff ector cells are depicted on the 
x-axis.
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IL-7, IL-15 or IL-21 bypass the inhibitory eff ect of CD25 mAb on proliferation and 
cytotoxicity of alloantigen-reactive cells

The eff ect of IL-7 and IL-15 on proliferation of alloreactive cells was not prevented 
by CD25 mAb, which is in accordance with previously published data.15,16 IL- 21 
appeared to induce a signifi cant increase in proliferation which was hardly aff ected 
by addition of CD25 mAb (data not shown). Moreover, each of these cytokines 
rescued the cytotoxic capacity of eff ector cells against allogeneic target cells in 
the presence of CD25 mAb (see Figure 5). Thus, at least when these cytokines 
are present locally in the graft , CD25 mAb may be less eff ective in inhibiting 
proliferation and cytotoxicity against alloantigens.

Figure 5: IL-7, IL-15 and IL-21 rescue the cytotoxic capacity of alloreactive lymphocytes 
in the presence of CD25 mAb. Cytotoxicity at an eff ector:target ratio of 5:1 was measured 
by [51Cr]-release as depicted on the y-axis. Eff ector cells were generated aft er 5 days of 
allogeneic stimulation in MLC in the absence (left ) or presence (right) of CD25 mAb at a 
concentration of 1000 ng/ml. MLC were performed in the absence (open bars) or presence 
(closed bars) of (from left  to right in each panel) medium, IL-7 (diagonally striped bars), 
IL-15 (vertically striped bars) or IL-21 (do  ed bars) from the start of the culture.

Discussion

Our data show that CD25 mAb, even at high concentrations, could not completely 
inhibit the proliferative capacity of alloantigen-activated T cells. Considering 
the minimal eff ect of this drug on the precursor frequency of alloreactive CD4+ 
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and CD8+ T cells, it can be concluded that blockade of the IL-2Rα has a much 
stronger inhibitory eff ect on the proliferative capacity of responding T cells 
than on recruitment of these T cells into the dividing pool. Notably, antigen-
primed memory cells were not selectively aff ected by the mAb, indicating that 
the previous activation state of the precursor cell doesn’t determine the mAb’s 
eff ect. Intracellular expression of the cytokines IFN-γ, TNF-α, and IL-2 and the 
intracellular amount of cytotoxic eff ector molecules were only slightly decreased. 
In contrast, even at low concentrations of the mAb that are beneath therapeutic 
plasma levels in vivo, cytotoxic function was completely abolished. This inability 
to exert cytotoxic function was not dependent on impairment of alloantigen 
recognition, but apparently due to a defect in maturation to cytotoxic eff ector 
cells, as was apparent from their likewise absent function in the CD3 redirected 
cytotoxicity assay. 
Members of the common cytokine-receptor γ-chain family act at diff erent stages 
of the immune response to promote proliferation, diff erentiation and survival of 
T cells, at least partly on the basis of diff erential expression of cytokine-receptor 
subunits during the immune response.9,17 Upon allogeneic stimulation, CD25 is 
rapidly upregulated and is mainly expressed by activated T cells. IL-15Rα and 
IL-2R/IL-15Rβ are highly expressed aft er activation and these high levels are 
usually retained during the memory phase of an immune response. However, 
expression of the IL-7Rα is down-regulated by cell activation and again increased 
on memory CD8+ T cells. IL-21 is produced by activated T cells and can enhance 
the proliferation, IFN-γ production and cytotoxic function of CD8+ eff ector T cells 
in an allogeneic MLC, thus exerting a positive-feedback loop in the alloresponse.18 

In view of these data, the rescue ability of IL-7, IL-15 and IL-21, as we demonstrated 
in vitro, can be understood and can be envisioned also to occur in vivo. In that way 
it can off er an explanation for ongoing alloreactivity, despite blockage of the IL-
2–IL-2R pathway by CD25 mAb.
In general, it is accepted that a brief antigenic encounter (signal 1) and the 
presence of co-stimulatory signals (signal 2) can lead to proper proliferation of 
T cells during which they can make several rounds of divisions and gain eff ector 
functions. Cytotoxicity following proliferation has been reported previously, 
implicating the acquisition of cytotoxic function within the fi rst division cycles.19–22 
Moreover, several studies have revealed cell cycle dependent expression of T cell 
diff erentiation markers, such as CD44, CD45RB, and CD62L, and have shown that 
intracellular expression of the cytokines IFN-γ and IL-2 depends primarily on cell 
division rather than on receipt of costimulatory signals.20
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However, other reports describe an uncoupling of proliferative potential and 
functional maturation into CTL.11–13 Maturation of alloantigen-reactive cells into 
cytotoxic eff ector T cells has been described to occur under the infl uence of IFN-γ 
and/or IL-2 and IL-12.10–12 In mice that were made tolerant for transplanted skin 
allograft s, alloreactive CD8+ cells were shown to proliferate, yet to be compromised 
with respect to IFN-γ production and allospecifi c cytotoxicity.13 The data presented 
here — indicating an inhibitory eff ect of blocking the IL-2–IL-2R pathway by CD25 
mAb on eff ector cell function but leaving initial cell activation intact — point to 
diff erential signaling requirements in the developmental phases of the T cell. 
Why, despite prophylactic treatment of transplant recipients with CD25 mAb, 
early acute rejection episodes still occur in a subset of patients may be explained 
by several mechanisms. First, we show in vitro the persistence of about 15% of 
cytokine-producing, proliferating alloreactive cells, which may be noxious to the 
allograft . Indeed, several studies have emphasized the importance of cytokines 
as mediators of organ graft  rejection.23 Second, addition of IL-2 to a culture 
consisting of PHA-blasts on which IL-2Rα was fully expressed but was saturated 
with CD25 mAb restored proliferation, indicating a competitive eff ect between 
IL-2 and CD25 mAb regarding receptor binding (data not shown). Functional 
competition between IL-2 and CD25 mAb may explain persistent responsiveness 
of activated T cells, provided enough IL-2 is present locally. Third, the presence 
of other cytokines of the common cytokinereceptor γ-chain family such as IL-7, 
IL-15 and IL-21 in the allograft  may induce T cell proliferation, which can not be 
inhibited by therapeutic concentrations of CD25 mAb. Here, we demonstrate that 
these cytokines can also rescue the cytotoxic capacity of alloreactive cells in the 
presence of CD25 mAb. Whether produced by T cells, dendritic cells, monocytes/
macrophages or nonhematopoietic cells, all these cytokines may be expected to be 
present within an allograft  undergoing a rejection episode. Blocking their receptors 
may be necessary to obtain complete inhibition of alloreactivity in vivo and may 
off er additional therapeutical potential.
In conclusion, our in vitro fi ndings explain persistent alloreactivity in vivo, despite 
the presence of CD25 mAb. In addition, the presented data provide evidence for 
diff erential requirements of T cells with respect to cell activation, proliferation and 
maturation.
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Materials and methods

Isolation of PBMC and umbilical cord cells
Heparinized peripheral blood was obtained from healthy donors. Diluted blood 
was layered on lymphoprep (Nycomed, Pharma, Oslo, Norway) for density 
gradient centrifugation, and PBMC were harvested from the interface and washed 
twice. Cells were frozen and stored in liquid nitrogen until the day of analysis. 
Umbilical-cord cells were used to obtain naive T cells.

Antibodies
Basiliximab® (Novartis Pharma A.G., Basel, Switzerland) was used in concentrations 
of 101 to 105 ng/ml. Other mAb used in this study consisted of CD4–PerCP, 
CD8–PerCP, CD4-APC, CD8-APC, IFN-γ-PE, TNF-α–PE, IL-2–PE, CD69–APC, 
CD27–PE, CD45RA–FITC, CD45RA–APC (all from Becton Dickinson, San Jose, 
CA, USA), granzyme B–PE (Sanquin, Amsterdam, The Netherlands), perforin-PE 
(Hölzel Diagnostika, Köln, Germany), and anti-CD3 (16A9). TB30–FITC (Sanquin) 
was used as a mAb directed against the same epitope of IL-2Rα as the binding-site 
of the CD25 mAb. The mAb 7G7b6 (Sanquin), detected by goat-anti-mouse IgG2a-
PE, served as the mAb directed against another epitope of IL- 2Rα than the CD25 
mAb binding-site. 

Cell culture

Culture media
All culture experiments were performed in Iscove’s modifi ed Dulbecco’s medium 
(IMDM; Life Technologies, Gaithersburg, MD, USA) enriched with 5% heat-
inactivated autologous human serum, penicillin/streptomycin (pen/strep), and 
3.57×10–4% (v/v) β -mercaptoethanol (Merck) — so-called culture medium — and 
in the presence or absence of diff erent concentrations of Basiliximab®.
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MLC
MLC were done with selected responder-stimulator combinations that gave high 
proliferative response in classical MLC detected by [3H]thymidine incorporation. 
CFSE-labeled responder PBMC were cultured for 5 days with irradiated allogeneic 
stimulator PBMC obtained from a second blood donor or with irradiated autologous 
PBMC. Non-CFSE-labeled responder cells were incubated with irradiated 
stimulator PBMC in MLC for 6 days. On the last day of these cultures, 37 MBq/ml 
methyl-[3H]thymidine was added to the wells and the plates were incubated for 
8 h at 37°C with 5% CO2 in a humidifi ed chamber. DNA was harvested on a fi lter 
using the Packard harvester fi ltermate 196 and dried. Subsequently scintillation 
fl uid was added and fi lters were sealed. The incorporated [3H]thymidine was 
measured in a liquid-scintillation counter. Counts per minute were used as a 
readout for proliferation.

CFSE labeling
Responder cells were washed once with PBS-pen/strep at room temperature prior 
to staining. One microliter of CFSE (Molecular Probes Europe BV, Leiden, The 
Netherlands; 5 µ M stock concentration) was added in 1 ml PBS-pen/ strep per 107 
cells. Cells were subsequently incubated for 13 min at 37°C. Next, cells were washed 
three times in PBSpen/ strep at 4°C and resuspended in 1 ml culture medium. Flow 
cytometric analysis was performed at day 5 using a FACS Caliber equipped with 
a 488 nm argon ion laser and a 635 nm red diode laser and Cellquest soft ware 
(BD Biosciences). Cells with maximal CFSE fl uorescence within a lymphocyte 
gate were designated as non-dividing cells; cells with loss of CFSE fl uorescence 
were designated as dividing cells. The precursor frequency was determined as 
described previously.14

[51Cr]-release assays
MLC was performed as described previously.24 Briefl y, MLC consisting of responder 
PBMC and irradiated stimulator cells were used to generate eff ector cells aft er 
6 days. An 8-h [51Cr]-release assay was employed to detect lysis of stimulator 
or autologous target cells at varying eff ector: target (E:T) ratios. Lymphocytes, 
cultured for 6 days, were used as target cells. The specifi c percentage of lysis 
was derived according to the formula: (ER–SR) / ( MR–SR) ×100, where ER is the 
experimental chromium release, SR represents the spontaneous chromium release 
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of target cells in medium alone and MR equals the maximum chromium release of 
target cells in 5% saponin solution. In these experiments the percentage of specifi c 
lysis was derived from the E:T ratio of 10:1. 
To assess non-antigen-specifi c cytotoxicity, CTL activity was determined in a CD3 
mAb (mouse IgG1)-mediated cytotoxicity assay as described previously.25 In brief, 
FcRbearing P815 target cells were radiolabeled with [Na51]CrO4 (Amersham) for 
30 min at 37°C. Allogenerated eff ector cells were incubated with P815 target cells at 
varying E:T ratios in the presence or absence of 5 µg/ml CD3 mAb (CLB-CD3/ 4.1). 
Aft er a 4-h incubation period at 37°C, supernatants were collected and counted in 
a γ-counter. Specifi c cytotoxicity was determined as described above.

Surface staining
PBMC (300, 000) were incubated with fl uorescently labeled mAb at concentrations 
according to the manufacturer’s instructions, for 30 min at 4°C and were protected 
from light. In some cases, this was followed by incubation with a second-step 
antibody (GAM–PE) for an additional 30 min at 4°C. Data fi les containing 10×104 
events within the lymphocyte gate were saved. Cell frequencies of diff erent subsets 
within CD4+ and CD8+ lymphocytes were determined using Cellquest soft ware 
(Becton Dickinson).

Intracellular cytokine staining
CFSE-labeled responder PBMC (106/ml in culture medium) were incubated with 
irradiated (3000 rad) stimulator cells for 5 days in the absence or presence of 
CD25 mAb at 1000 ng/ml. Subsequently the cells were harvested, washed and 
restimulated with PMA (1 ng/ml; Sigma, St. Louis, Missouri, USA) and ionomycin 
(1 µ g/ml). Brefeldin A (10 µ g/ml; Sigma) was added to the cultures. These culture 
tubes were incubated for 4 h at 37°C in a humidifi ed chamber with 5% CO2 in 
air. Cells were subsequently fi xed, permeabilized and stained for CD4-APC, CD8-
APC, CD69-APC, IFN-γ-PE, TNF-α–PE, and IL-2–PE.

Intracellular perforin and granzyme B staining
Aft er 5 days of allostimulation, CFSE-labeled responder PBMC were fi xed in 4% 
(w/v) paraformaldehyde (Merck) in PBS for 5 min at 4°C and were protected from 
light. Subsequently, cells were permeabilized in PBS plus BSA, NaN3,. 0.1% (w/v) 
saponin (Sigma), and 50 mmol/l D-glucose. Cells were washed in saponin buff er 
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and then incubated with Peconjugated anti-granzyme B (Sanquin) or anti-perforin 
(Hölzel Diagnostika) mAb, or with the appropriate isotype control (all diluted in 
saponin buff er) for 30 min at 4°C and were protected from light. Next, cells were 
washed in saponin buff er and measured directly. Analysis was performed using a 
FACS Calibur fl ow cytometer and CellQuestPro soft ware (Becton Dickinson).

Determination of functional competition between IL-2 and CD25 mAb for IL-2R 
α occupancy on PHAblasts
For PHA-induced proliferation of T cells, 0.5x106 lymphocytes were incubated 
in the presence of 5 µ g/ml PHA (Gibcotm Invitrogen Corporation, Breda, The 
Netherlands) and 7.5% heat-inactivated autologous serum in IMDM for 5 days. 
Thereaft er, CFSE-labeled PHA-blasts were cultured for additional 2 days with 
IL-2 (20 U/ml; Biotest Ag, Dreiech, Germany) and IL-15 (10 ng/ml; R&D Systems, 
Abingdon, GB) in the presence or absence of CD25 mAb (10 µg/ml). CFSE dilution 
was assessed by FACS analysis on days 7 and 8.

The eff ect of addition of IL-7, IL-15 or IL-21 to the cultures
Diff erent cytokines of the common cytokine-receptor γ-chain family were added to 
MLC in the absence or presence of CD25 mAb (1000 ng/ml), to analyze the eff ect of 
CD25 mAb on proliferation and cytotoxic function of alloreactive cells under these 
conditions. The added cytokines were IL-7 (10 ng/ml; Strathmann), IL-15 (10 ng/
ml; R&D Systems) or IL-21 (50 ng/ml; Zymogentics, Sea  le, WA, USA). In [51Cr]-
release assays, we evaluated the eff ect of CD25 mAb on cytotoxicity-mediated lysis 
of target cells when eff ector cells were generated in classical MLC in the absence or 
presence of IL-7 (10 ng/ml), IL-15 (10 ng/ml) or IL-21 (50 ng/ml).

Statistical methods
Data were analyzed by Wilcoxon’s signed rank test. A p value < 0.05 was considered 
to indicate a signifi cant diff erence.

proefschrift rowshani.indd   79proefschrift rowshani.indd   79 4/12/2005   10:42:284/12/2005   10:42:28



CD25 monoclonal antibody and alloreactivity

80

References

1. Adu D, Cockwell P, Ives NJ, Shaw J. and Wheatley K. Interleukin-2 receptor monoclonal 
antibodies in renal transplantation: meta-analysis of randomised trials. Brit.Med.J. 2003. 
326: 789.

2. Lawen JG, Davies EA, Mourad G, Oppenheimer F, Molina MG, Rostaing L: Wilkinson, A. 
H., Mulloy, L. L., Bourbigot, B. J., Prestele, H. et al., Randomized double-blind study of 
immunoprophylaxis with basiliximab, a chimeric antiinterleukin-2 receptor monoclonal 
antibody, in combination with mycophenolate mofetil-containing triple therapy in renal 
transplantation. Transplantation 2003. 75: 37–43.

3. Nashan B, Moore R, Amlot P, Schmidt AG, Abeywickrama K and Soulillou J P. Randomised 
trial of basiliximab versus placebo for control of acute cellular rejection in renal allograft  
recipients. CHIB 201 International Study Group. Lancet 1997. 350: 1193–1198.

4.  Kahan BD, Rajagopalan PR and Hall M. Reduction of the occurrence of acute cellular 
rejection among renal allograft  recipients treated with basiliximab, a chimeric anti-
interleukin-2- receptor monoclonal antibody. United States Simulect Renal Study Group. 
Transplantation 1999. 67: 276–284.

5. Amlot PL, Rawlings E, Fernando ON, Griffi  n PJ, Heinrich G, Schreier MH, Castaigne 
JP, Moore R and Sweny P. Prolonged action of a chimeric interleukin-2 receptor (CD25) 
monoclonal antibody used in cadaveric renal transplantation. Transplantation 1995. 60: 
748–756.

6. Kircher B, Latzer K, Gastl G. and Nachbaur D. Comparative in vitro study of the 
immunomodulatory activity of humanized and chimeric anti-CD25 monoclonal 
antibodies. Clin.Exp.Immunol. 2003. 134: 426–430.

7. Depper JM, Leonard WJ, Robb RJ, Waldmann TA and Greene WC. Blockade of the 
interleukin-2 receptor by anti-Tac antibody: inhibition of human lymphocyte activation. J. 
Immunol. 1983. 131: 690–696.

8. Waldmann TA. The IL-2/IL-2 receptor system: a target for rational immune intervention. 
Trends Pharmacol.Sci. 1993. 14: 159–164.

9. Schluns KS and Lefrancois L. Cytokine control of memory T-cell development and 
survival. Nat.Rev.Immunol. 2003. 3: 269–279.

10. Cronin DC, Lancki DW and Fitch FW. Requirements for activation of CD8+ murine T cells. 
I. Development of cytolytic activity. Immunol.Res. 1994. 13: 215–233.

11. Gromo G, Geller RL, Inverardi L and Bach FH. Signal requirements in the step-wise 
functional maturation of cytotoxic T lymphocytes. Nature 1987. 327: 424–426.

12. Hernandez J, Aung S, Marquardt K and Sherman LA. Uncoupling of proliferative potential 
and gain of eff ector function by CD8(+) T cells responding to self-antigens. J.Exp.Med. 
2002. 196: 323–333.

proefschrift rowshani.indd   80proefschrift rowshani.indd   80 4/12/2005   10:42:284/12/2005   10:42:28



Chapter 4

81

13. Lin CY, Graca L, Cobbold SP and Waldmann H. Dominant transplantation tolerance 
impairs CD8+ T cell function but not expansion. Nat.Immunol. 2002. 3: 1208–1213.

14. Wells AD,Gudmundsdo  ir H and Turka LA. Following the fate of individual T cells 
throughout activation and clonal expansion. Signals from T cell receptor and CD28 
diff erentially regulate the induction and duration of a proliferative response. J.Clin.Invest. 
1997. 100: 3173–3183.

15. Baan CC, Riemsdĳ k-Overbeeke IC, Boelaars-van Haperen MJ, Ijzermans J M andWeimar 
W. Inhibition of the IL- 15 pathway in anti-CD25 mAb treated renal allograft  recipients. 
Transpl.Immunol. 2002. 10: 81–87.

16. Baan CC, Boelaars-van Haperen MJ, van Riemsdĳ k IC, van der Plas AJ and Weimar W. IL-
7 and IL-15 bypass the immunosuppressive action of anti-CD25 monoclonal antibodies. 
Transplant.Proc. 2001. 33: 2244–2246.

17. Waldmann TA. The IL-2/IL-15 receptor systems: targets for immunotherapy. J.Clin. 
Immunol. 2002. 22: 51–56.

18. Kasaian MT, Whi  ers MJ, Carter LL, Lowe LD, Jussif JM, Deng B, Johnson KA, Witek JS, 
Senices M, Konz RF et al. IL-21 limits NK cell responses and promotes antigen-specifi c T 
cell activation: a mediator of the transition from innate to adaptive immunity. Immunity 
2002. 16: 559–569.

19. Oehen S and Brduscha-Riem K. Diff erentiation of naive CTL to eff ector and memory CTL: 
correlation of eff ector function with phenotype and cell division. J.Immunol. 1998. 161: 
5338–5346.

20. Gudmundsdo  ir H, Wells AD and Turka LA. Dynamics and requirements of T cell clonal 
expansion in vivo at the singlecell level: eff ector function is linked to proliferative capacity. 
J.Immunol. 1999. 162: 5212–5223.

21. van Stipdonk MJ, Lemmens EE and Schoenberger SP. Naive CTLs require a single brief 
period of antigenic stimulation for clonal expansion and diff erentiation. Nat.Immunol. 
2001. 2: 423–429.

22. Kaech SM and Ahmed R. Memory CD8+ T cell diff erentiation: initial antigen encounter 
triggers a developmental program in naive cells. Nat.Immunol. 2001. 2: 415–422.

23. Dallman MJ. Cytokines as mediators of organ graft  rejection and tolerance. Curr.Opin.
Immunol. 1993. 5: 788–793.

24. Zeĳ lemaker WP, Van Oers MH and Eĳ svoogel VP. Human lymphocyte subpopulations 
involved in MLC and CML. Scand.J.Immunol. 1976. Suppl 5: 143–156.

25. De Jong R, Brouwer M, Rebel VI, Van Seventer GA, Miedema F and Van Lier RA. 
Generation of alloreactive cytolytic T lymphocytes by immobilized anti-CD3 monoclonal 
antibodies. Analysis of requirements for human cytolytic Tlymphocyte diff erentiation. 
Immunology 1990. 70: 357–364.

proefschrift rowshani.indd   81proefschrift rowshani.indd   81 4/12/2005   10:42:284/12/2005   10:42:28



proefschrift rowshani.indd   82proefschrift rowshani.indd   82 4/12/2005   10:42:294/12/2005   10:42:29



Chapter 5

Hyperexpression of the granzyme B inhibitor 

PI-9 in human renal allograft s: A potential 

mechanism for stable renal function in patients 

with subclinical rejection

Ajda T. Rowshani,1;2 Sandrine Florquin,3 Frederike Bemelman,1 
J. Alain Kummer,4 C. Erik Hack5 and Ineke J.M. ten Berge1;2

1Renal Transplant Unit, Academic Medical Center, Amsterdam, 
The Netherlands; 2Division of Clinical Immunology and Rheumatology, 
Department of Internal Medicine, Academic Medical Center, Amsterdam, 
The Netherlands; 3Department of Pathology; Academic Medical Center, 
Amsterdam, The Netherlands; 4Department of Pathology, VU Medical Center, 
Amsterdam, The Netherlands; 5Department of Clinical Chemistry, VU Medical 
Center, Amsterdam, The Netherlands; and 5Department of Immunopathology, 
Sanquin Research at CLB, Amsterdam, The Netherlands

Kidney Int. 2004,66:1417-22

proefschrift rowshani.indd   83proefschrift rowshani.indd   83 4/12/2005   10:42:294/12/2005   10:42:29



Hyperexpression of the granzyme B inhibitor PI-9 in human renal allograft s

84

Abstract

Background. Granzyme B–positive T lymphocytes infi ltrate renal allograft s during 
acute cellular rejection and cause graft  injury by inducing apoptosis of tubular 
cells. Protease inhibitor 9 (PI-9), an intracellular serpin that inhibits granzyme B, is 
known to protect cells from the action of cytotoxic T lymphocytes. 
Methods. Expression of granzyme B and PI-9 in transplant biopsies from patients 
with acute cellular rejection (N=18), subclinical rejection showing a mononuclear 
cell infi ltrate without deterioration of renal function (N=15), or stable transplant 
function (N=13) were studied. Immunohistochemical stainings were analyzed and 
scored semiquantitatively by two independent observers who were not aware of 
clinical results.
Results. Granzyme B was expressed by mononuclear cells in all biopsies with 
cellular infi ltrates. PI-9 was diff usely expressed by tubular cells in the allograft s of 
all patients with subclinical rejection. In contrast, PI-9 expression was only focally 
in the patients with clinical rejection or without rejection. Although no diff erence 
was observed in granzyme B levels between acute and subclinical rejection, 
in subclinical rejection tubular epithelial cells showed signifi cantly stronger 
expression of PI-9 than in acute rejection (P=0.011).
Conclusion. These data suggest that a high expression of PI-9 by tubular epithelial 
cells can serve as one of the factors protecting renal allograft s from rejection in 
spite of the presence of infl ammatory cell infi ltrates.
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Introduction

Acute renal allograft  rejection is characterized by infi ltrating cytotoxic T cells in the 
graft  which can induce apoptosis of renal tubular epithelial cells. The la  er can occur 
via two pathways, one dependent on exocytosis of cytotoxic granules containing 
granzymes A and B, which are delivered into a target cell via transmembrane pores 
formed by perforin, the other involving death receptor-induced apoptosis such as 
the CD95 ligand/CD95 pathway. 
Previous studies have demonstrated that granzyme B-positive cytotoxic T cells 
are mainly responsible for destruction of tubular epithelial cells during acute 
cellular rejection in human renal allograft  recipients.1–3 Indeed, measurement of 
mRNA encoding granzyme B or perforin in urinary cells constitutes a noninvasive 
diagnostic tool to assess allograft  rejection, and also urinary levels of these 
molecules predict the occurrence of such an episode, although with moderate 
sensitivity.1 The intracellular serpin protease inhibitor 9 (PI-9) is the only known 
human protein that specifi cally inhibits granzyme B activity and cells transfected 
with PI-9 are protected against granzyme B–induced apoptosis.4;5 The in vivo 
distribution of PI-9 also suggests that a main function of this inhibitor is to 
protect cells against unwanted cytotoxicity by granzyme-expressing cells, since 
PI-9 is among others expressed at immune privileged sites.6 PI-9 is also expressed 
by malignant lymphomas and presumably serves to protect the tumor from 
elimination by cytotoxic lymphocytes.7;8

Mononuclear infi ltrates are frequently found in renal transplant biopsy specimens 
from patients with deteriorating renal function. In particular, the expression of 
granzyme B by these mononuclear cells is associated with acute allograft  rejection. 
However, the presence of cytotoxic infi ltrates in allograft s does not always lead to 
overt rejection. The prevalence of such infi ltrates in allograft sof patients without 
deteriorating renal function, so-called subclinical rejection is estimated as 30% to 
42% during the fi rst 3 months aft er transplantation.9–11 A molecular explanation 
for this apparent resistance of the allograft  against the action of cytotoxic cells 
is, however, lacking.We hypothesized that expression of PI-9 in tubular epithelial 
cells in the infi ltrated allograft  may constitute a mechanism to resist granzyme 
B-induced apoptosis. To test this hypothesis, we studied the expression of granzyme 
B in relation to that of PI-9 in renal allograft  biopsies obtained from patients with 
subclinical rejection in comparison to acute rejection.
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Methods

Renal allograft  biopsies

Renal allograft  biopsy specimens were obtained from patients who participated 
in a study in which biopsies were taken at 6 months aft er transplantation 
according to protocol, or upon clinical indication. According to this protocol, all 
renal transplant recipients of a fi rst or second graft , except for highly immunized 
patients with panel reactive antibodies > 80%, were prospectively randomized 
to once daily versus twice daily dose tacrolimus or cyclosporine in order to 
detect possible structural and functional diff erences at 6 months and 12 months 
aft er transplantation by prescheduled biopsies and glomerular fi ltration rate 
(GFR) measurements. The protocol had been approved by the Medical Ethical 
Commi  ee and each patient had given wri  en informed consent. All patients 
were matched for gender, age, and the number of human lymphocyte antigen 
(HLA) mismatches. There were no signifi cant diff erences in immunosuppressive 
regimen between patients in diff erent clinical se  ings. In 15 biopsies, subclinical 
rejection, defi ned as the presence of histologic signs of rejection (tubulitis) without 
deterioration of renal function, was detected. Eighteen biopsies from patients with 
acute rejection were studied as well. Histologic diagnosis was made according to 
the Banff  classifi cation.12 Subclinical rejections were all graded as type IA. Acute 
rejection type IA was detected in fi ve biopsies, acute rejection type IB in three 
biopsies, acute rejection type IIA in four biopsies, and acute rejection type III in 
six biopsies. Thirteen patients without any histologic abnormality in the allograft  
biopsy obtained at 6 months aft er transplantation and with stable renal function 
served as a control group (“no rejection”). All patients survived the fi rst year 
aft er transplantation. Patients with subclinical rejection didn’t experience acute 
clinical rejection later on up to 1 year pos  ransplantation. Patients with subclinical 
rejection showed a trend towards less function as appeared by calculated creatinine 
clearance at 12 months in comparison with patients with no rejection (P=0.05). 
However, at 3 months, no signifi cant diff erence in renal function was detectable 
between these groups. Patients with subclinical rejection had a be  er graft  function 
at 3 months as compared to patients with acute rejection, which diff erence was 
not present anymore at 12 months (P=0.003 and P=0.49, respectively). At 3 and 12 
months, patients with acute rejection had signifi cantly decreased renal function as 
compared to patients with no rejection (P=0.002 and P=0.03, respectively).
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Antibodies

Monoclonal antibodies used were PI-9-17, which is a mouse IgG1 monoclonal 
antibody against PI-9, and monoclonal antibody GB7, an IgG2a monoclonal 
antibody against granzyme B. These monoclonal antibodies were produced and 
purifi ed as described previously.6,13

Immunohistochemical staining procedures

Tissue slides were processed routinely by fi xation in 10% formalin for 18 hours 
and subsequently embedded in paraffi  n. Four micrometer thick sections were 
mounted on poly-L-lysine–coated slides. Endogenous peroxidase activity was 
blocked by incubation for 30 minutes with 0.3% (vol/vol) H2O2 in methanol. Tissue 
sections were subjected to antigen retrieval by boiling in 0.01 mol/L sodium-citrate 
(pH 6) for 10 minutes in a microwave oven. Sections were stained for PI-9 with 
purifi ed monoclonal antibody PI-9-17 at 2.5 µg per mL, and for granzyme B with 
GB7 at 1.2 µg per mL. The secondary antibody was biotinylated rabbit antimouse 
F(ab)2 Ig, 1:500. These secondary antibodies were detected with avidine-biotin-
horseradish peroxidase(HRP) complex (ABC). Bound antibodies were visualized 
by incubation with diaminobenzidine/H2O2. Slides were slightly counterstained 
with methyl green. Negative control slides were stained with mouse IgG of the 
appropriate subclass. Positive control slides were tissue sections from lymph node 
with diff use large B-cell non-Hodgkin lymphoma. Apoptotic cells were detected 
with the use of an anti-[active caspase 3] antibody (Cell Signaling Technology, 
Beverly, MA, USA) and revealed with a polymerized HRP-conjugated goat 
antirabbit IgG antibody (PowervisionTM) (Immunovision Technology, Daly City, 
CA, USA). Double immunostaining for CD3 and PI-9, granzyme B and PI-9, 
CD10 and PI-9, and Tamm-Horsfall and PI-9 was performed using anti-PI-9 and, 
respectively, rabbit polyclonal anti-CD3 antibody (Dako, Glostrup, Denmark), GB7, 
mouse monoclonal IgG1 anti- CD10 antibody (Neomarkers, Fremont, CA, USA), 
and sheep polyclonal anti-Tamm-Horsfall (Campro Scientifi c, Veenendaal, The 
Netherlands). The anti-PI-9 antibody was probed with a secondary goat antimouse 
IgG1-AP antibody (Southern Biotechnology Associates, Birmingham, AL, USA), 
CD3 antibody was probed with a polymerized HRP-conjugated goat antirabbit 
IgG antibody (PowervisionTM), GB7 antibody was probed with a secondary goat 
antimouse IgG2a-HRP (Southern Biotechnology Associates), CD10 antibody was 
probed with a secondary goat antimouse IgG1-HRP (Southern Biotechnology 
Associates), andTamm-Horsfall antibody was probed with a secondary rabbit 
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antisheep IgG antibody (Dako). Activated protein (AP) activity was visualized with 
Vector Blue and HRP activity with Novared (Vector Laboratories, Burlingame, CA, 
USA). Scoring was performed independently by two observers (S.F. and A.T.R.). 
The pathologist and a member of the clinical team examining the tissue slides were 
not aware of clinical diagnosis and outcome. In fact, this was a secondary review 
of biopsies and not the fi rst clinical review leading to the choice of treatment 
which has been performed by another pathologist. The immunostainings were 
quantifi ed using a semiquantitative scoring system. This scoring system used four 
diff erent degrees to determine the intensity and extent of expression of either PI-9 
or granzyme B as measured by the percentage of positive tubules for PI-9 and by 
number of cells positive for granzyme B, respectively. For PI-9 the scoring system 
was as follows: 0, negative staining; 1, weak expression (0% to 25% of tubuli); 2, 
mild expression (25% to 50% of tubuli); 3, moderate expression (50% to 75% of 
tubuli); and 4, strong expression (> 75% of tubuli). For granzyme B the scoring 
system was as follows: 0,<5 cells/×400; 1, 5 to 25 cells/× 400; 2, 26 to 50 cells/× 400; 
3, 51 to 75 cells/× 400; and 4, >75 cells/× 400.

Statistical methods

Given the ordinal nature of our measurements,we used chi-squared test for trend 
to analyze the diff erences in expression of PI-9 in tubular epithelial cells and that 
of granzyme B by cytotoxic T cells in diff erent clinical conditions. Diff erences in 
the number of preserved tubules, the number of apoptotic cells and in creatinine 
clearance between diff erent clinical conditions were assessed by Kruskal-Wallis 
one-way analysis of variance (ANOVA) test. P values below 0.05 were considered 
as signifi cant.

Results

Infi ltrating cytotoxic cells in the allograft  express granzyme B

Granzyme B was expressed by infi ltrating CD3+ lymphocytes in all renal biopsy 
specimens showing an infl ammatory cell infi ltrate, irrespective of the clinical 
diagnosis. Examples of granzymeBexpression are given in Figure 1. The median score 
for the number of granzyme B–positive cells was +2.5 [range (0.0) to (+4.0)] in cases 
of acute rejection versus +2.0 [range (+1.0) to (+3.0)] in subclinical rejection (P= 0.10) 
(see Figure 3). Biopsies with stable renal function displayed hardly any granzyme 
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B–positive cells [median score 0.0 range (0.0) to (+1.0)]. Double immunostaining 
with granzyme B and PI-9, and PI-9 and CD3 showed that infi ltrative lymphocytes 
were positive for both granzyme B and PI-9, which is consistent with previously 
published data.4,5 Given the semiquantitative nature of histopathologic studies 
one cannot measure the expression levels of granzymeBand PI-9 exactly. However, 
striking diff erences in PI-9 and granzyme B expression by T cells in biopsies with 
acute rejection versus subclinical rejection were not observed. 

Figure 1: Expression of protease inhibitor (PI-9) by renal tubular cells and expression 
granzyme B by cytotoxic T cells in diff erent clinical conditions. Expression of PI-9 by 
renal tubular cells; no rejection with stable renal function (A) acute rejection (C) and 
subclinical rejection (E) Expression of granzyme B by cytotoxic T cells; no rejection with 
stable renal function (B) acute rejection (D) and subclinical rejection (F) Immunostaining 
for PI-9 of diff use large B-cell non-Hodgkin’s lymphoma is shown as positive control (G) 
Representative negative control consisting of a renal biopsy stained with an irrelevant 
mouse IgG1 monoclonal antibody (H) (original magnifi cation ×20).
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Figure 2: Double immunostaining for protease inhibitor (PI-9) (blue) and granzyme B (red) 
(A) CD3 (red) (B) Tamm-Horsfall protein (red) (C) and CD10 (red) (D) Arrows show double 
positive immunoreactivity (purple) [original magnifi cation ×60 for (A and B) and ×20 for (C 
and D)].

PI-9 expression by allograft  tubular epithelial cells in subclinical rejection is 
higher than in clinical rejection

PI-9 was diff usely expressed by tubular cells in the allograft s of all patients with 
subclinical rejection as shown by double immunostaining with PI-9 and Tamm-
Horsfall protein, and PI-9 and CD10 (see Figure 2). In contrast, PI-9 expression 
was only focally in an intracellular inhomogeneous pa  ern in most patients with 
clinical rejection and patients without rejection. Also, some interstitial PI-9 staining 
was here evident which is probably associated with granzyme B–positive cells. 
Examples of PI-9 expression in the allograft s are shown in Figure 1. As illustrated 
in Figure 3, the extent of PI-9 expression was higher in the patients with subclinical 
rejection [median score +2.0, range (+1.0) to (+3.0)] than in the patients with acute 
rejection [median score of +1.0, range (0.0) to (+3.0)] (P=0.011). PI-9 median score 
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in no rejection specimens with stable renal function was+1.0 [range (0.0) to (+3.0)]. 
PI-9 expression in subclinical rejections as compared to no rejections was also 
signifi cantly higher (P=0.014). To exclude a more extensive tubular destruction 
in biopsies with fl orid rejection as a cause of biased decreased PI-9 expression 
in biopsies with acute rejection versus subclinical rejection, we measured the 
number of preserved tubules in fi ve acute, fi ve subclinical, and fi ve “no rejection” 
biopsies by calculating the average number of tubules in fi ve separate power fi elds 
(original magnifi cation ×40) per biopsy by two independent observers. In order 
to clearly identify the tubular basement membrane we used Sirius red stainings. 
Then, Kruskal-Wallis one-way ANOVA analysis of these data was performed. The 
number of preserved tubules in acute rejections and subclinical rejections was not 
signifi cantly diff erent (P=0.76). In order to compare the frequency of apoptosis 
of tubular cells, we quantifi ed the number of apoptotic cells stained with anti-
[active caspase 3] antibody. Although no signifi cant diff erences were observed in 
the number of apoptotic tubular cells in these biopsies, the frequency of apoptosis 
in relation to the expression degree of PI-9 showed a trend toward higher in 
acute rejections as compared to subclinical rejections and no rejections (data not 
shown).

Figure 3: The number of granzyme B–positive cytotoxic T cells (closed symbols) and 
expression of protease inhibitor (PI-9) by renal tubular cells (open symbols) in renal allograft s 
from patients with diff erent clinical outcome. Expression was quantifi ed as a score, which is 
explained in the Methods section.
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Discussion

A number of studies have demonstrated that the presence of granzyme B-expressing 
cytotoxic cells in renal allograft s of patients with kidney transplantation is 
indicative for acute rejection.1–3 In the present study, we addressed the role of PI-9, 
a specifi c inhibitor of granzyme B as one of the protective forces against granzyme 
B-mediated immunologic allograft  injury in subclinical rejection. Patients with 
subclinical rejection have a stable renal function in spite of cytotoxic infi ltrates 
expressing granzymeBin their allograft . Here, we show that PI-9 expression by 
allograft  tubular epithelial cells in subclinical rejection is higher than in clinical 
acute rejection. High PI-9 expression in these tubules correlates with the presence 
of granzyme B-positive T lymphocytes. These data point to a protective role of PI-9 
against cytotoxic T cells in human renal allograft s. Until recently, subclinical 
rejection episodes defi ned as the presence of a mononuclear infi ltrate and other 
histologic signs of rejection in an allograft  with stable graft  function were oft en 
overlooked, because allograft  biopsies were performed only if clinically indicated 
(i.e., in case of diminished graft  function). Per-protocol biopsy studies have now 
demonstrated that subclinical rejection is a common problem which is detected in 
about 37% of biopsy specimens obtained at 6 to 12 months and in about 12% to 
20% of those obtained thereaft er.9-11,14 Although in the past years short-term 
survival of renal allograft s has improved, long-term graft  survival has lagged 
behind. Acute rejection episodes are considered as an important redictor of chronic 
rejection which is considered as the most common cause of long-term graft  
failure.15-18 Subclinical rejection is increasingly recognized as an important risk 
factor for chronic rejection.10,11,14,19 Nankivell et al11 clearly showed that among 
114 patients having two biopsies between 1 and 12 months aft er transplantation, 
moderate chronic allograft  nephropathy (CAN) was evident in 25.6% of biopsy 
specimens with previous evidence of subclinical rejection as compared with 7.5% 
of those without rejection (P< 0.05). Shishido et al14 evaluated 124 sequential 
protocol biopsies of 46 patients at 2, 3, and 5 years aft er transplantation who had 
already signs of CAN at 1 year. Subclinical rejection was evident in association 
with CAN in 50%, 32%, 19%, and 16% of cases with CAN at 1, 2, 3, and 5 years, 
respectively. Furthermore, patients with repeated subclinical rejection in the 
sequential follow-up biopsies had a lower creatinine clearance at 5 years aft er 
transplantation and worse long-term graft  survival. Now, studies are needed with 
protocol biopsies guiding early interventional therapy to clarify whether such a 
treatment has benefi cial eff ects on graft  histology, function, and survival. In a small 
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randomized study, Rush et al19,20 demonstrated that recognition and treatment of 
subclinical rejection episodes can lead to a signifi cant decrease in late acute rejection 
rate, a reduced chronic tubulointerstitial score at 6 months, and be  er renal 
function at 12 months as compared to nontreatment. Hence, the importance of 
performing protocol graft  biopsies is more and more emphasized.9,11,14,21 Acute 
cellular rejection is due to a cell-mediated immune response consisting of both 
T-helper cell-mediated delayed-type hypersensitivity and cytotoxicity mediated 
by granzyme-positive T cells.3,16 Presumably, the expression of proapoptotic genes 
promotes events that lead to graft  rejection, while expression of antiapoptotic 
(protective) genes suppresses those events and thus contributes to sustained graft  
survival. Granzyme B plays a key role in induction of apoptosis which causes 
tubular cell destruction.1,2,18 Once released into cytoplasm, granzyme B can initiate 
apoptosis through diff erent pathways: by direct or caspase 8-mediated cleavage of 
caspase 3; by activation of proapoptotic Bcl-2 family member Bid and subsequent 
induction of mitochondrial collapse leading to release of cytochrome c; by cleavage 
of the inhibitor of caspase-activated deoxynuclease, resulting in endonuclease 
activity; and by inducing caspase-independent DNA fragmentation.22 Up to 
recently, the presence of a granzyme B-positive cytotoxic T-cell infi ltrate was 
considered to be indicative for acute allograft  rejection. In this regard, our fi nding 
of the presence of a cytotoxic infi ltrate expressing granzyme B in the allograft  of 
patients with a stable renal graft  function supports the idea that the potential 
destructive forces may not be diff erent from each other in acute and subclinical 
rejections. However, in case of subclinical rejection, these cytotoxic infi ltrates are 
apparently kept silent among others by the concomitant high expression of the 
specifi c granzyme B inhibitor PI-9 by tubular epithelial cells. PI-9 has also some 
other functions. It inhibits not only granzyme B but also some other caspases, like 
caspase 1, thereby inhibiting interleukin (IL)-1β production. In addition, it inhibits 
elastase activity which may account for the protective eff ect on endothelial cells 
against elastase-mediated degradation during neutrophil extravasation.23 These 
antiapoptotic and anti-infl ammatory eff ects render PI-9 a particular role in 
regulation of infl ammation and apoptosis. Recent data demonstrate that expression 
levels of PI-9 are correlates of granzymeBlevels in kidney transplant recipients. 
Muthkumar et al24 showed an increased expression of PI-9 mRNA level in urinary 
cells of patients with acute rejection versus no rejection which was linearly 
correlated with granzyme B mRNA level. However, they did not study patients 
with subclinical rejection, nor did they detect PI-9 at protein level. It has been 
shown that PI- 9 gene expression is induced by proinfl ammatory agents such as 
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lipopolysaccharide (LPS) and the cytokines IL-1β and tumor necrosis factor-a 
(TNF-α).25 Thus, it seems that PI-9 has a central role in modulating infl ammatory 
processes, such as inhibition of IL-1β activation, and apoptosis, by inhibition of 
granzyme B. The inhibition of granzyme B–mediated toxicity by high levels of PI-9 
can apparently be seen as one of the factors leading to a stable renal function early 
aft er transplantation, but is probably unable to prevent long-term eff ects of these 
episodes of immune mediated graft  injury. Be  er understanding of the 
immunopathologic mechanisms underlying subclinical rejection episodes is 
necessary to identify new therapeutic approaches in prevention and treatment of 
destructive injury to graft  tissue. Induction of up-regulated PI-9 in renal tubular 
cells might be considered as a new strategy to confer resistance against cytotoxic 
eff ects of granzyme B-mediated eff ects, eventually leading to be  er graft  survival. 
Concerning other potential factors playing a role in acute rejection episodes one 
can conclude that data regarding the importance of the CD95 pathway in the 
pathophysiology of acute allograft  rejection are controversial up to now. During 
acute rejection, both an increase and a decrease in expression of CD95 in human 
renal tubular epithelial cells have been described.26-28 The role and engagement of 
CD95-CD95 ligand pathway inhibitor FLIP during acute rejection in renal transplant 
recipients is not clarifi ed yet. Other mechanisms for cells to escape immune-
mediated cytotoxicity, like expression of regulatory proteins to confer resistance to 
CD95-mediated apoptosis and major histocompatability complex (MHC) I down-
regulation, have been described previously.29,30 More recently, several other 
molecules with cytoprotective and antiapoptotic functions like heme oxygenase-1 
(HO-1) and A20, a ytoplasmic zinc fi nger protein, have received considerable 
a  ention as potential therapeutic targets in allograft  rejection. Expression of these 
protective genes A20, HO-1, and Bcl-xL in rodent allo- and xenograft s indeed 
correlates with long-term survival.31,32 Analyzing the expression of these genes in 
31 renal allograft  biopsies from patients with suspected rejection showed up-
regulation of A20 and HO-1.33 These molecules were localized mainly in endothelial, 
smooth muscle, and infi ltrating mononuclear cells but not in tubular epithelial 
cells.
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Conclusion

Our fi ndings support the idea that increased expression of the granzyme B 
inhibitor PI-9 in human renal allograft s provides an explanation for the silence of 
histologically apparent cytotoxic infi ltrates in subclinical rejections pointing out a 
way to resist a fatal a  raction.

Acknowledgments

We are indebted to Janto Surachno for his contribution in providing clinical data; 
to Jos Mulder, F.N.J. van Diepen and Si La Yong for their technical assistance; and 
to Joris Roelofs for his help in pathologic studies. We thank Dr. J.B. Reitsma for 
his help in statistical analysis. We are grateful to Prof. Dr. R.A.W. van Lier for his 
critical review and comments.

References

1.  Li B, Hartono C, Ding R, et al. Noninvasive diagnosis of renalallograft  rejection by 
measurement of messenger RNAfor perforin and granzyme B in urine. N.Engl.J.Med. 
344:947–954, 2001 

2.  Wever PC, Aten J, Rentenaar RJ, et al. Apoptotic tubular cell death during acute renal 
allograft  rejection. Clin.Nephrol. 49:28–34, 1998 

3. Kummer JA, Wever PC, Kamp AM, et al. Expression of granzyme A and B proteins by 
cytotoxic lymphocytes involved in acute renal allograft  rejection. Kidney Int. 47:70–77, 
1995 

4.  Sun J, Bird CH, Su  on V, et al. A cytosolic granzyme B inhibitor related to the viral 
apoptotic regulator cytokine response modifi erA is present in cytotoxic lymphocytes. J. 
Biol.Chem. 271:27802–27809, 1996 

5.  Bird CH, Su  on VR, Sun J, et al. Selective regulation of apoptosis: The cytotoxic lymphocyte 
serpin proteinase inhibitor 9 protects against granzyme B-mediated apoptosis without 
perturbing the Fas cell death pathway. Mol.Cell.Biol. 18:6387–6398, 1998

6.  Bladergroen BA, Strik MC,Bovenschen N, et al. The granzyme B inhibitor, protease 
inhibitor 9, is mainly expressed by dendritic cells and at immune-privileged sites. J. 
Immunol. 166:3218–3225, 2001

proefschrift rowshani.indd   95proefschrift rowshani.indd   95 4/12/2005   10:42:554/12/2005   10:42:55



Hyperexpression of the granzyme B inhibitor PI-9 in human renal allograft s

96

7.  Bladergroen BA, Meĳ er cj, ten Berge RL, et al. Expression of the granzyme B inhibitor, 
protease inhibitor 9, by tumor cells in patients with non-Hodgkin and Hodgkin lymphoma: 
A novel protective mechanism for tumor cells to circumvent the immune system? Blood 
99:232–237, 2002

8.  ten Berge RL, Meĳ er CJ, Dukers DF, et al. Expression levels of apoptosis-related proteins 
predict clinical outcome in anaplastic large cell lymphoma. Blood 99:4540–4546, 2002

9.  Rush D. Protocol biopsies should be part of the routine management of kidney transplant 
recipients. Pro.Am.J.Kidney Dis 40:671–673, 2002

10.  Rush DN,Henry SF, Jeff ery JR, et al. Histological fi ndings in early routine biopsies of 
stable renal allograft  recipients. Transplantation 57:208–211, 1994

11.  Nankivell BJ, Borrows RJ, Fung CL, et al. The natural history of chronic allograft  
nephropathy. N.Engl.J.Med. 349:2326–2333, 2003

12.  Racusen LC, Solez K, Colvin RB, et al. The Banff  97 working classifi cation of renal allograft  
pathology. Kidney Int. 55:713–723, 1999

13.  Kummer JA, Kamp AM, van Katwĳ k M, et al. Production and characterization of 
monoclonal antibodies raised against recombinant human granzymes A and B and 
showing cross reactions with the natural proteins. J.Immunol.Methods 163:77–83, 1993

14.  Shishido S, Asanuma H, Nakai H, et al. The impact of repeated subclinical acute rejection 
on the progression of chronic allograft  nephropathy. J.Am.Soc.Nephrol. 14:1046–1052, 
2003

15.  Hariharan S, Alexander JW, Schroeder TJ, fi rst MR. Impact of fi rst acute rejection episode 
and severity of rejection on cadaveric renal allograft  survival. Clin.Transplant. 10:538–541, 
1996

16.  Hariharan S, Johnson CP, Bresnahan BA, et al. Improved graft  survival aft er renal 
transplantation in the United States, 1988 to 1996. N.Engl.J.Med. 342:605–612, 2000

17.  Jindal RM, Hariharan S. Chronic rejection in kidney transplants. An in-depth review. 
Nephron 83:13–24, 1999

18.  Almond PS, Matas A, Gillingham K, et al. Risk factors for chronic rejection in renal 
allograft  recipients. Transplantation 55:752–756, 1993

19.  Rush DN, Jeff ery JR, Gough J. Sequential protocol biopsies in renal transplant patients. 
Clinico-pathological correlations using the Banff  schema. Transplantation 59:511–514, 
1995

20.  Rush D, Nickerson P, Gough J, et al. Benefi cial eff ects of treatment of early subclinical 
rejection: A randomized study. J.Am.Soc.Nephrol. 9:2129–2134, 1998

21.  Colvin RB. Chronic allograft  nephropathy.N.Engl.J.Med. 349:2288–2290, 2003

proefschrift rowshani.indd   96proefschrift rowshani.indd   96 4/12/2005   10:42:554/12/2005   10:42:55



Chapter 5

97

22.  Barry M, Bleackley RC. Cytotoxic T lymphocytes: All roads lead to death. Nat.Rev. 
Immunol. 2:401–409, 2002

23.  Annand RR, Dahlen JR, Sprecher CA, et al. Caspase-1 (interleukin-1beta-converting 
enzyme) is inhibited by the human serpin analogue proteinase inhibitor 9. Biochem.J. 342 
(Pt 3):655–665, 1999

24.  Muthukumar T, Ding R, Dadhania D, et al. Serine proteinase inhibitor-9, an endogenous 
blocker of granzyme B/perforin lytic pathway, is hyperexpressed during acute rejection of 
renal allograft s. Transplantation 75:1565–1570, 2003

25.  Kannan-Thulasiraman P, Shapiro DJ. Modulators of infl ammation use nuclear factor-
kappa B and activator protein-1 sites to induce the caspase-1 and granzyme B inhibitor, 
proteinase inhibitor 9. J.Biol.Chem. 277:41230–41239, 2002

26.  Boonstra JG, van Derwoude FJ, Wever PC, et al. Expression and function of Fas (CD95) on 
human renal tubular epithelial cells. J.Am.Soc.Nephrol. 8:1517–1524, 1997

27.  Wang J, Nonomura N, Ichimaru N, et al. Expression of Fas and Fas ligand in renal graft s 
with acute and chronic rejection in the rat model. J.Interferon Cytokine Res. 17:369–373, 
1997

28.  Olive C, Cheung C, Falk MC. Apoptosis and expression of cytotoxic T lymphocyte eff ector 
molecules in renal allograft s. Transpl.Immunol. 7:27–36, 1999

29.  Walker PR, Saas P, Dietrich PY. Role of Fas ligand (CD95L) in immune escape: The tumor 
cell strikes back. J.Immunol. 158:4521–4524, 1997

30. Irmler M, Thome M, Hahne M, et al. Inhibition of death receptor signals by cellular FLIP. 
Nature 388:190–195, 1997

31.  Soares MP, Brouard S, Smith RN, Bach FH. Heme oxygenase-1, a protective gene that 
prevents the rejection of transplanted organs. Immunol.Rev. 184:275–285, 2001

32.  Hancock WW, Buelow R, Sayegh MH, Turka LA. Antibodyinduced transplant arterio-
sclerosis is prevented by graft  expression of anti-oxidant and anti-apoptotic genes. Nat.
Med. 4:1392–1396,1998

33.  Avihingsanon Y, Ma N,Csizmadia E, et al. Expression of protective genes in human renal 
allograft s: A regulatory response to injury associated with graft  rejection. Transplantation 
73:1079–1085, 2002

proefschrift rowshani.indd   97proefschrift rowshani.indd   97 4/12/2005   10:42:554/12/2005   10:42:55



proefschrift rowshani.indd   98proefschrift rowshani.indd   98 4/12/2005   10:42:564/12/2005   10:42:56



Chapter 6

Clinical and immunologic aspects of 

cytomegalovirus infection in solid organ 

transplant recipients

Ajda T. Rowshani,1;4 Frederike J. Bemelman,2 Ester M. M. van Leeuwen,2;3 
René A.W. van Lier,3 and Ineke J. M. ten Berge1;2

1Department of Internal Medicine, Division of Clinical Immunology and 
Rheumatology, Academic Medical Center, Amsterdam, the Netherlands. 
2Division of Nephrology, Academic Medical Center, Amsterdam, the Netherlands. 
3Department of Experimental Immunology, Academic Medical Center, 
Amsterdam, the Netherlands

Transplantation. 2005 Feb 27;79(4):381-6

proefschrift rowshani.indd   99proefschrift rowshani.indd   99 4/12/2005   10:42:564/12/2005   10:42:56



CMV infection in solid organ transplant recipients

100

Abstract

Primary cytomegalovirus (CMV) infection is a major cause of morbidity and 
mortality in recipients aft er solid organ transplantation. Widespread and prolonged 
use of antiviral drugs has changed the natural course of CMV disease by delaying 
its onset and causing drug resistance. CMV induces a strong cellular immune 
response, even in immunosuppressed patients, and has developed strategies to 
evade this immune surveillance. This review summarizes challenges in managing 
CMV infection in transplant recipients and highlights current insights in the 
cellular immune response against CMV.
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Viral characteristics

Cytomegalovirus (CMV) is a persistent herpes virus with a 230 kb double-stranded 
DNA genome divided in two unequally sized unique and short regions: UL and 
US, which are fl anked by repeat sequences.1 The virion is 150 to 200 nm in diameter 
and icosahedral. Gene expression occurs in three steps: immediate-early (IE), 
early, and late leading to production of greater than 200 proteins. CMV IE genes 
encode nonstructural proteins, which appear in the nucleus in 1 to 3 hours aft er 
infection and remain present in latency. Transcription of IE genes that are involved 
in viral DNA replication, such as those coding for thymidine kinase and viral 
DNApolymerase, is probably promoted by host cell enzymes. Late gene products 
are virally encoded structural proteins, appearing in the nucleus and cytoplasm 
within 6 to 24 hours aft er DNA synthesis. CMV-DNA is surrounded by three 
layers: a tegument, a capsid with 162 protein capsomers, and an outer envelope. 
Capsid encloses the tegument consisting of three phosphoproteins: pp150, pp65, 
and pp71. The envelope contains lipoproteins and at least 33 structural proteins, 
some of which are glycosylated. These glycoproteins determine the CMV strain 
and consist of three distinct families of glycoprotein complexes, gcI, gcII, and 
gcIII, which are used for viral cellular entry and form the target for neutralizing 
antibodies. The principal envelope glycoprotein B (gB), which is also referred to 
as gcI and gB homologue and is based on genetic homology to the gB of herpes 
simplex, appears to be responsible for binding to epidermal growth factor receptor 
(EGFR) and induction of transcription of interferon (IFN)-stimulated genes.2;3 

Binding of CMV to EGFR leads eventually to stimulation of nuclear factor κB as 
the promoter of IE genes and to an increase in cyclic adenosine monophosphate 
concentration, leading to viral replication. The gB genotype does not aff ect CMV-
load kinetics or clinical response to therapy.4 The principal reservoirs of CMV are 
fi broblasts, myeloid, and endothelial cells.

Symptoms

CMV aff ects 60% to 90% of healthy individuals. The fi rst peak of seropositivity occurs 
in early childhood and results from both vertical and horizontal transmission aft er 
viral shedding in urine and respiratory secretions. A next peak occurs in young 
adults, mostly by sexual transmission. Primary infection is oft en asymptomatic 
but can produce an Epstein-Barr (EBV)-infection-like picture with fever, myalgia, 
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pharyngitis, cervical lymphadenopathy, mild hepatitis, and splenic enlargement. 
Myocarditis, pneumonitis, aseptic meningitis, and Guillain-Barré syndrome are 
rare manifestations.5 
Patients using immunosuppressants are particularly prone toCMVdisease. 
The degree of T-cell-function impairment depends on mode and magnitude of 
immunosuppression; so does the incidence of CMV disease. Antithymocyte globulin 
and CD3 monoclonal antibody are associated with a high risk of CMV disease.6;7 
Calcineurin inhibitors increase the risk on disease.8 Mycophenolate mofetil (MMF) 
mainly increases the reactivation risk, resulting in severe and prolonged disease 
episodes.9 Use of CD25 monoclonal antibody as prophylactic agent does not lead 
to an increased incidence of CMV disease.10 The incidence of CMV disease is 
approximately 25% aft er kidney, heart, and liver transplantation but rises to 50% 
aft er pancreas or kidney-pancreas transplantation and is even higher aft er heart-
lung transplantation.11 Pretransplant recipient serologic status determines both 
the incidence and severity of disease. Seronegative recipients of a CMV-positive 
organ will develop primary infection. The clinical presentation varies according 
to organ type, nature, and duration of immunosuppression. Symptoms of CMV 
infection may consist of low-grade fever, myalgia, leucopenia, thrombocytopenia, 
and transaminase elevations as well as pneumonitis, esophagitis, and colitis. The 
virus may also aff ect the transplanted organ itself11;12 (Figure 1). Despite successful 
treatment, CMV infection recurs in one third of solid organ recipients. Whereas 
infectious symptoms are the direct consequence ofCMVcaused by lytic virus 
production, the indirect eff ects of CMV are assumed to be mediated by cytokine 
and chemokine production.13;14 This may lead to enhanced susceptibility to other 
opportunistic infections15 and to a 7- to 10-fold increased risk of pos  ransplant 
EBV-related lymphoproliferative disease.16

CMVinfection has been implicated in the development of both acute and chronic 
allograft  rejection and has been associated with decreased allograft  and patient 
survival.17;18 Several mechanisms have been proposed, including upregulation 
of major histocompatibility complex (MHC) II molecules in the allograft ,19,20 up-
regulation of adhesion molecules on allograft  endothelium and their ligands on 
leukocytes, and release of cytokines.21-23 Endotheliitis and endothelial proliferation 
caused by direct cytopathic eff ects or by the action of anti-endothelial cell 
antibodies,24 as well as cross-reactivity between homologous sequences of CMV 
antigen and the heavy chain of human leukocyte antigen (HLA) class I antigen 
leading to up-regulation of class I donor-directed T-cell cytotoxicity, have all been 
shown to trigger allograft  rejection.18,25
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Figure 1: CMV infection in renal transplant, showing typical owl-eyes. Kindly permi  ed for 
use by the New England Journal of Medicine.

Diagnosis

A signifi cant (> 4-fold) increase in CMV-specifi c immunoglobulin G antibodies 
indicates infection but is a late indicator. CMV can be cultured from urine, tissues, 
respiratory swabs, and blood. However, culture assays are less sensitive and more 
elaborate than detection of antigenemia or of viral nucleic acids in blood. The pp65 
antigenemia assay detects the late structural protein pp65 produced in leukocytes. 
This test is superior to the others that are based on virus isolation. It is mostly 
applied to blood and cerebrospinal fl uid, with a sensitivity of 89% and a specifi city 
of 100%.26;27 The polymerase chain reaction (PCR) test for CMVDNA is increasingly 
recognized as the method of choice for diagnosis and therapy monitoring 
inCMVdisease. Mandated time is 6 to 48 hours, with a high sensitivity (95-100%), 
but the specifi city is rather low. Despite a high negative predictive value (100%), 
clinical utility is limited by a low positive predictive value (54%).26-28 Because 
the PCR results may vary between laboratories with diff erent choice of blood 
components, primers, and amplifi cation schemes, general application requires 
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standardization.29 Comparative studies between antigenemia detection versus 
PCR reveal a more than 80% concordance, with superiority of these tests to other 
methods in detecting CMV at 0 to 2 weeks before onset of disease.26;30 According 
to local experience, both PCR and pp65 antigenemia assay can be used for early 
detection of viral replication.

Therapeutic Measures

Several modalities exist: therapeutic, in case of established infection; prophylactic, 
which starts from the day of transplantation irrespective of laboratory and clinical 
markers of active CMV infection; and preemptive treatment, starting as soon as a 
specifi c laboratory marker becomes positive.15 (Val)ganciclovir is the therapy of 
choice in established disease. It is a nucleoside analogue that becomes active aft er 
monophosphorylation by the kinase product of UL97 viral gene. Myelotoxicity 
is the most limiting side eff ect. Hyperimmune CMV globulin (CMVIG) as sole 
prophylaxis can not prevent CMV infection in solid organ transplantation (SOT) 
but has been shown to decrease CMV disease signifi cantly in high-risk renal-
transplant recipients.31 In combination with ganciclovir, CMVIG could abolish 
CMV death and also prevent CMV disease in high-risk heart-transplant recipients.32 
Foscarnet, a competitive inhibitor of viral DNA polymerase, is highly nephrotoxic, 
and its use is limited to cases of ganciclovir resistance. 
Prophylactic treatment by long-term use of antiviral drugs is associated with a 
signifi cant decrease in disease as compared with placebo or no treatment.33;34 
However, it is accompanied by several disadvantages. It not only leads to a delay 
in disease onset to approximately 130 days aft er transplantation, it also increases 
the rate of late occurrences of CMV disease, and it elicits atypical presentations. 
Therefore, aft er prophylactic treatment, CMV infection should be included in the 
diff erential diagnosis of any unexplained disease period even aft er the traditional 
6 months aft er transplantation.35-37 Appearance of ganciclovir resistant strains 
causing more severe disease and a high rate of graft  loss and high mortality is one 
of the other major disadvantages of prophylactic therapy.38;39 The clinical spectrum 
of ganciclovir- resistant disease ranges from asymptomatic viremia to progressive 
tissue invasive disease with serious complications.40 The incidence of ganciclovir 
resistance in SOT patients receiving prophylaxis is estimated at 0% to 13%.38-40 
Donor+/recipient— status, increased number of CMV reactivations, prolonged 
exposure to ganciclovir, potent immunosuppression, use of antilymphocyte 
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agents, and high peak viral loads appear to be signifi cantly associated with drug 
resistance.38 
PCR-guided preemptive ganciclovir treatment has proven to be effi  cacious in renal-
transplant recipients when compared with treatment of established infection.41;42 
Both availability of optimized cost-eff ective, accurate, and rapid tests to detect 
viral replication before disease onset and the availability of eff ective drugs with 
minimal side eff ects are important factors in designating preemptive therapy as 
the method of choice.43 Future studies are still needed to compare prophylactic and 
preemptive antiviral therapy with regard to effi  cacy, induction of drug resistance, 
and appearance of late disease in a randomized manner. At present, preemptive 
treatment of all recipients with asymptomatic CMV infection as documented by 
PCR or pp65 antigenemia assay appears to be the best option. 
PCR-guided preemptive ganciclovir treatment has proven to be effi  cacious in renal-
transplant recipients when compared with treatment of established infection.41;42 
Both availability of optimized cost-eff ective, accurate, and rapid tests to detect 
viral replication before disease onset and the availability of eff ective drugs with 
minimal side eff ects are important factors in designating preemptive therapy as 
the method of choice.43 Future studies are still needed to compare prophylactic and 
preemptive antiviral therapy with regard to effi  cacy, induction of drug resistance, 
and appearance of late disease in a randomized manner. At present, preemptive 
treatment of all recipients with asymptomatic CMV infection as documented by 
PCR or pp65 antigenemia assay appears to be the best option. 

CMV-specifi c immune responses in the immunocompetent host

CMV infection elicits both humoral and cellular immune responses. The humoral 
response is important in the initial viremic phase of (re)infection. Because of the 
intracellular nature of CMV, replication is largely controlled by cellular immunity.44 

CD4+ T cells function by providing help in generation of an adequate antibody 
response and in stimulation of dendritic cells and subsequent cross-presentation 
of the antigen. Next, they promote priming, expansion and maintenance of CD8+ 
CMV-specifi c CTLs through secretion of stimulatory cytokines, and provision of 
membrane-bound helper factor.45;46 The number of CD8+ T cells that are specifi c 
for just one single CMV epitope as enumerated by HLA-CMV peptide tetrameric 
complexes accounts for approximately 0.54% to 3.77% of total CD8+ cells. 
Asubstantial fraction of these cells produces IFNγ.47-49 Frequency analysis of recently 
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activated CMV-specifi c IFNγ-producing CD4+ and CD8+ T cells demonstrates a 
signifi cant variation in response over time in the absence of symptoms, which 
is postulated to be caused by subclinical CMV reactivation.47,50 Primed T-cells 
in peripheral blood of healthy individuals show considerable phenotypic and 
functional heterogeneity.44;51;52 For phenotypic analysis, among others, CD45RA, 
CD45RO, and CD27 surface molecules are used as markers to designate diff erent 
T-cell subsets. At the one side of the spectrum are CD45RO+CD27+ T cells that 
produce a large variety of cytokines but are unable to execute immediate cytolysis 
ex vivo. These cells have been defi ned as memory-type cells because of their ability 
to clonally expand in response to recall antigen in the absence of helper T–cell-
derived cytokines. Another separate population is formed by CD45RA+CD27— T 
cells expressing CD95 ligand, perforin, and granzyme B. These cells are able to 
execute cytolysis directly ex vivo and are designated as eff ector type cells that 
increase with age and can still proliferate when stimulated by specifi c MHC/
peptide ligand in the presence of helper T-cell-derived cytokines, which infers that 
they are not terminally diff erentiated.53 

CMV-specifi c immune responses in the immunocompromised 
host

The crucial function of T cells to control CMV replication is clearly illustrated in the 
transplantation se  ing, where their function is hampered by immunosuppressive 
drugs. The cellular immune response and its kinetics in renal-transplant 
recipients treated with steroids, calcineurin inhibitors, or MMF have been studied 
extensively.44;48;51;53-56 In primary CMV infection, viral replication as measured 
by PCR became apparent between 18 to 25 days aft er transplantation. Specifi c 
immunity to CMV leads to the appearance of IFNγ- producing CD4+ T cells in the 
circulation around the peak of the viral load, followed by specifi c antibodies and 
CMV-specifi c CD8+ T cells. IFNγ producing CMV-specifi c CD4+ T cells could only 
be detected for a short period in peripheral blood, inferring redistribution of these 
cells, most probably to peripheral target sites.54 Recently, we have shown that in 
primary CMV infection, a population of CMV-specifi c CD4+ T cells lacking the 
costimulatory CD28 and CD27 molecules emerge just aft er cessation of the viral 
load. These cells express the cytolytic molecules granzyme B and perforin and 
keep expanding to frequencies up to 0.7% to 6.2% during latency in health and 
0.9% to 61.4% in renal-transplant recipients.56 
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Concerning the CD8+ T-cell compartment, viral replication aft er start of 
immunosuppressive therapy induces qualitative and quantitative changes. In the 
acute phase of infection,CMVinduces generation of cytotoxic CD8+ T cells that 
contain perforin and granzyme B and are capable of target cell killing. These cells 
express CD27+ and CD45R0+.48;51;55 In due course of infection, a transition of CMV-
specifi c CD27+ T cells to CD27— T cells occurs, which can be maintained as virus-
specifi c eff ector-memory cells in latency. The frequency of these CD27— T cells in 
the total CD8+ T-cell population correlates with CMV seropositivity but not with 
previous exposure to other viruses.57

Diff erent emergence of circulating IFNγ-producing CMV-specifi c CD4+ T cells in 
time appeared to be predictive for the development of CMV disease, whereas no 
diff erence was observed in the appearance of antibody responses or in the emergence 
of the CMV-specifi c CD8+ T cells in time between patients with asymptomatic or 
symptomatic infection (Figure 2). In asymptomatic patients, CMV-specifi c CD4+ T 
cells were the fi rst to appear in the circulation, followed by CMV-specifi c CD8+ T 
cells and antibody responses.48;55;58 In symptomatic patients, the CD4+ response 
was delayed. In both asymptomatic and symptomatic patients, CMV-specifi c CD8+ 
T cells could execute immediate cytolysis ex vivo in an antigen-specifi c se  ing. 
CMV has developed mechanisms to escape host defenses. During active 
replication, CMV encodes for immunomodulatory genes, which inhibit antigen 
presentation by MHC class I and II proteins through interfering with specifi c 
steps in the assembly and transport pathway.59-61 Latently infected granulocyte 
macrophage progenitor cells have been shown to exhibit a reduction in MHCII 
antigen expression, associated with a block in protein traffi  cking.62 Because MHC 
class I molecules signal inhibitory messages to natural killer (NK) cells, CMV-
infected cells that are MHC class I negative should be more susceptible to NK 
cells. However, CMV-infected cells express CMV gpUL18, a class I homologue 
that may allow for evasion of NK-cell lysis. CMV interferes with NK-cell function 
in various ways, such as production of virally encoded UL-16 protein, which 
binds to activating NKG2D receptors and decreases susceptibility to NK cells.63 
Leukocyte migration, activation, and cytokine responses can also be altered 
because of immunomodulatory eff ects ofCMVencoded proteins. During active 
infection and also in latency, CMV produces a viral interleukin (IL)-10 homologue, 
which functions in a similar manner to human IL-10.64;65 It inhibits synthesis of 
proinfl ammatory cytokines such as IL-2, IFNγ, and tumor necrosis factor (TNFα), 
and can also inhibit the expression of MHC class II and costimulatory adhesion 
molecules, resulting in the suppression of antigen specifi c T-cell proliferation. 
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Immune evasion by increasing host-cell susceptibility to apoptosis is one of the 
other strategies to combat the human immune response. CMV-infected dendritic 
cells are instructed to up-regulate the apoptosis-inducing ligands CD95L and 
TNF-related apoptosis- inducing ligand and in this way be able to delete activated 
T cells.66 

Figure 2: Kinetics of the diff erent cytomegalovirus (CMV)-specifi c T-cell populations as 
shown by arbitrary counts of CMV-specifi c CD8+ and CD4+ T cells in relation to viral load in 
primary CMV infection in renal-transplant recipients. General course of an asymptomatic 
patient (left ), symptomatic patient (right). CMV polymerase chain reaction (do  ed line); 
interferon-γ-producing CD4+ T cells (black line); CD4+CD28— T cells (grey line); CD8+ 
tetramer+ T cells (dashed line); start of antiviral therapy (vertical dott ed line). Time axis 
continues to approximately 1 year aft er transplantation.

In summary, to survive during evolution, CMV has developed multiple evasion 
strategies to cope with a strong specifi c protective immunity leading to generation 
of long-lived memory cells. Even in hosts receiving potent immunosuppression, 
the immune system is able to give rise to adequate defense, which aff ects 
diff erent lines in specifi c immunity. Further characterization of the well-balanced 
equilibrium in controlling persistent CMV infection and the driving forces in 
establishing protective memory cell response are needed to help in invention of 
immunotherapeutic and vaccine strategies. 
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Development in vaccination strategies

Induction of a protective immune response is the ultimate goal of vaccination. 
Whereas passive immunization by adoptive T-cell transfer can be applied 
successfully to bonemarrow transplant recipients because of nearly complete 
cessation of the host’s own immune response through myeloablative therapy, 
active immunization is the preferred method in SOT. Generation and expansion 
of CD8+ virus-specifi c T cells and their diff erentiation to the eff ector-memory 
phenotype is driven by antigenic load, repetitive antigenic stimulation, and helper 
T-cell-derived or homeostatic cytokines such as IL-2 and IL-15. Secondary cytotoxic 
lymphocyte expansion upon re-encounter of antigen is dependent on the presence 
of CD4+ T cells during and not aft er priming. Because CD8+ virus-specifi c T cells 
with high expression of IL-7 receptor are thought to be maintained and form the 
memory cells, expression of IL-7 receptor may be used as a predictive marker for 
the number of memory cells generated aft er immunization.51;67-69 
Combinations of pp65 matrix protein gB and IE1 can serve as potential antigens for 
induction of the immune response.70 Whole, live virus strategies using recombinant 
virus produced from AD169 and the Toledo isolate are also being pursued in 
renal-transplant recipients.71 Three randomized, controlled, double-blind studies 
conducted in CMV-seronegative recipients of a seropositive donor failed to prevent 
the infection. However, an 85% reduction in disease severity was achieved, which 
is comparable with a protection provided by prior natural infection.72;73 Vaccines 
based on the use of high-antigenemic gB are in early development.74;75 At the 
moment, results are far from clinical application. 

Conclusion

CMV infection in the immunocompromised host elicits strong virus-specifi c 
CD4+ and CD8+ T-cell responses. Late emergence of circulating IFNγ-producing 
CMV-specifi c CD4+ T cells is predictive for the development of CMV disease. 
In asymptomatic patients, CMV-specifi c CD4+ T cells are the fi rst to appear in 
the circulation, followed by CMV-specifi c CD8+ T cells and antibody responses, 
whereas in symptomatic patients, their appearance is delayed. Several issues 
are as yet unresolved, in particular, in humans we are uninformed about events 
occurring in lymphoid compartments other than the peripheral blood. Studies 
on the signifi cance of NK-cell subsets are in progress. Particularly in CMV-
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seronegative transplant recipients, eff ective vaccines are needed to prevent CMV 
disease. Despite considerable progress, the results of vaccine research are far from 
clinical application as yet. 
In the meantime, we should rely on antiviral drug treatment. Prophylactic antiviral 
therapy appears to act like a double-edged sword, leading to a decrease in infection 
and disease but also to an increase in ganciclovir-resistant CMV disease with late 
onset and atypical clinical presentation. Preemptive therapy, guided by PCR or 
pp65 antigenemia as sensitive and early markers of viral replication, has led to 
a striking decrease in incidence of CMV disease and should be applied in all 
recipients with asymptomatic CMV infection.
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Abstract

Background. Granzyme B (GrB) mediated cytotoxicity plays a pivotal role in cellular 
immunity against cytomegalovirus (CMV) infection and during (sub)clinical 
rejection aft er renal transplantation. SERPINB9 (PI-9) is an intracellular serpin 
which specifi cally inhibits GrB. 
Methods. Soluble SERPINB9 (sSERPINB9) and sSERPINB9/sGrB complexes were 
measured with specifi c ELISAs in serial serum samples from transplantation up 
to six months. 23 Patients with primary CMV infection (16 symptomatics and 7 
asymptomatics), 9 with subclinical rejection, 7 with acute rejection and 7 patients 
with an uncomplicated course were included. 25 healthy individuals served as 
controls.
Results. sSERPINB9 was detectable in serum of healthy individuals and transplant 
recipients, levels being higher in the patients. sSERPINB9 levels increased upon 
primary CMV-infection coinciding with a rise in GrB and viral load. In symptomatic 
patients, this sSERPINB9 rise was signifi cantly higher than in asymptomatics. 
Conversely, sSERPINB9 levels did not signifi cantly change in response to either 
subclinical or acute rejection. Circulating sSERPINB9/sGrB complexes could be 
detected in some patients.
Conclusions. Measurable sSERPINB9 serum levels occur in renal transplant 
recipients and healthy controls, levels being increased during CMV infection. 
Part of sSERPINB9 circulates as complex with GrB. These data suggest that this 
intracellular serpin may have important extracellular functions as well.
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Introduction

During the early pos  ransplant period, renal allograft  recipients are threatened 
by CMV infection and (sub)clinical rejection episodes which are increasingly 
recognized as risk factors for chronic rejection leading to long term failure of the 
allograft .1-4 Granzyme B (grB)-mediated cytotoxicity plays a key role in cellular 
immunity against CMV and also in the eff ector phase of acute cellular rejection.5-7 
Previously, we have shown that expansion of a specifi c subset of CD8+GrB+ T cells 
coincides with a temporary increase in systemic soluble GrB (sGrB) levels during 
pos  ransplant primary CMV infection. Conversely, no such increase was observed 
during acute allograft  rejection.8 Newly synthesized cytoplasmic granules of CTLs 
are secreted via a constitutive secretory pathway into the extracellular compartment. 
Alternatively, GrB may diff use away from the immunological synaptic zone into 
the circulation, which would explain the rise in plasma levels of this enzyme during 
CTL responses, or in severe Gram-negative bacterial infections.8-10 On the other 
hand, rapid trapping of allospecifi c GrB-expressing CD8+ T cells and subsequent 
infi ltration of these cells into the renal allograft  may account for the absence of 
an increase in soluble GrB levels in the serum compartment during acute renal 
allograft  rejection. 
The intracellular serpin SERPINB9 (PI-9: proteinase inhibitor 9) is the only known 
human protein that specifi cally inhibits granzyme B (GrB) activity. Indeed, 
cells transfected with SERPINB9 are protected against granzyme B-induced 
apoptosis.11-13 The in vivo distribution of SERPINB9 also suggests that a main 
function of this inhibitor is to protect cells against unwanted cytotoxicity by 
granzyme B-expressing cells, since SERPINB9 is, amongst others, expressed at 
immune privileged sites, endothelial, dendritic and mesothelial cells.14;15 SERPINB9 
may also be expressed by malignant lymphomas and presumably serves to protect 
the tumor from elimination by cytotoxic lymphocytes.16;17 Subcellular localization 
and upregulation of SERPINB9 during accessory cell maturation and eff ector cell 
degranulation have been demonstrated ex-vivo using NK-cell lines and peripheral 
blood cells from healthy individuals.13 In such systems, SERPINB9 can associate 
with GrB-containing granules in activated CTLs and NK cells leading to formation 
of intracellular complexes. This complex formation with GrB suggests rapid 
inactivation of cytoplasmatic GrB by SERPINB9, leaving the cytotoxic lymphocyte 
with undisturbed viability. However, whether SERPINB9 associates with soluble 
GrB released in the circulation is unknown.
Recently, we demonstrated increased expression of SERPINB9 in human renal 
tubular cells during subclinical allograft  rejection as compared to acute rejection.18 
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Subclinical rejection refers to a condition in which, in contrast to acute rejection, 
apparent interstitial infl ammation of the allograft  with GrB+ CTLs in the presence 
of histological signs of rejection (tubulitis) does not lead to deterioration of 
renal allograft  function. We suggested that SERPINB9 not only serves to protect 
against misdirected GrB-mediated apoptosis or to protect bystander cells against 
unwanted cytotoxicity, but that it also confers the target cell resistance to CTL-
mediated apoptosis, thereby preventing CTL damage to the allograft .
In the present study, we investigated the presence of soluble SERPINB9 (sSERPINB9) 
levels in serum samples from healthy individuals and renal transplant recipients 
during primary CMV infection, subclinical rejection, acute rejection, or no rejection. 
Finally, we measured sSERPINB9/s granzyme B complexes to address the question 
whether sSERPINB9 complexes with soluble granzyme B in the circulation.

Subjects

Renal allograft  recipients

A group of 46 renal allograft  recipients (30 males, 16 females; median age 46 years, 
range 21-73 years) was selected for retrospective study from the day of transplantation 
up to six months aft er transplantation. Serum samples had been longitudinally 
obtained before transplantation, three times a week during hospitalization and once 
a week aft er discharge from the hospital. In all cases, serum samples were obtained 
before administration of basic immunosuppressive treatment which consisted of 
prednisolone (10 mg/day), cyclosporin A (dose based on whole blood trough levels) 
and mycophenolate mofetil (2 g/day). When applicable, serum samples were obtained 
before administration of rejection-treatment. 
Seven patients had an uncomplicated clinical course post-transplantation, as 
characterized by rapid restoration of renal function, subsequent stable renal function 
as evidenced by a creatinine clearance of 30 ml/min without proteinuria or 
hypertension and absence of viral infections. Seven patients suff ered from an acute 
rejection episode. Notably, some patients had multiple episodes of rejection. For this 
study, only blood samples obtained during a fi rst rejection episode were analyzed. 
The diagnosis acute rejection was based on clinical manifestations and confi rmed by 
histological examination of a core biopsy. Rejection-treatment consisted of a 6-day 
course of 500 mg methylprednisolone. Concurrent viral infections were absent during 
all fi rst acute rejection episodes. Nine patients were diagnosed with a subclinical 
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rejection, defi ned as the presence of histological signs of rejection without 
deterioration of renal function. The diagnosis was established by prescheduled 
biopsies at 6 months aft er transplantation. Twenty-three patients suff ered from a 
primary CMV infection, which diagnosis was based on the appearance of anti-CMV 
IgM antibodies and seroconversion to anti-CMV IgG antibodies, and on positive PCR 
for CMV-DNA. At the time of analysis, patients did not experience viral infections 
other than CMV. Sixteen patients in this group were symptomatic, as defi ned by 
at least 3 days of fever over 38˚C and visceral CMV-disease, and 7 patients had an 
asymptomatic course of infection. Symptomatic CMV infection was treated with 
ganciclovir 5 mg/kg i.v. for 10 days. 
Patients, who had experienced both an acute rejection episode and CMV infection, 
were excluded from this study. This study was approved by the institutional medical 
ethic commi  ee. Each patient had given wri  en informed consent.

Healthy control individuals

As a control group, 25 healthy individuals were included (14 males, 11 females; 
median age 30 years, range 21-49 years).  

Materials and methods

This longitudinal study was performed retrospectively on serum samples that had been 
stored at -80°C until assayed. We collected 107 serum samples from 9 patients with 
a subclinical rejection, 123 serum samples from 7 patients with an acute rejection 
and 47 serum samples from 7 patients with stable allograft  function. In addition, 
312 samples from 16 patients with a symptomatic CMV infection were obtained 
and 138 samples from 7 patients with an asymptomatic course of CMV infection.

Gelfi ltration

To determine the molecular weight of sSERPINB9 and GrB proteins in sera 
from patients aft er renal transplantation, serum proteins were separated with 
gelfi ltration using an AcA54 ultragel column (Biosepra Fremont, California, USA). 
This column is able to separate proteins in the range of 5-70 kDa. A fl ow rate of 
0.5 ml/min was used routinely. PBS with 0.1% Tween and 2M NaCl was used as 
running buff er. Before run, the column was equilibrated with 2 column volumes 
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of running buff er. In each experiment, serum samples (500 µl) 1:1 diluted with 
running buff er, were applied to the column. Fractions of 0.5 ml were collected, and 
the concentrations of sSERPINB9 or sGrB were determined by ELISA. The column 
was calibrated with phenol red (5 kDa), albumin (66 kDa), IgG (160 kDa), and 
dextran blue (void volume).

ELISAs for soluble SERPINB9, granzyme B and sSERPINB9/sgranzyme B-complexes 

SERPINB9 and GrB antigen levels were measured with previously described, 
specifi c ELISA’s.19;20 Cell lysate of YT-indy, a NK cell-line expressing SERPINB9 
and GrB, was used as standard. YT-indy cells were cultured and lysed as previously 
described.15 1 U GrB represents about 1 pg GrB.
sSERPINB9/sGrB complexes were measured essentially as described above for 
SERPINB9 and GrB antigen except that polyclonal anti-PI-9 antibodies (1 µg/ml) 
were used for coating to the microtiter plates, and biotinylated anti-GrB mAb GB11 
(about 1 µg/ml) for detection. Cell lysate of YT-indy, containing also SERPINB9/
GrB complexes, served as control. 

Viral detection assay

Quantitative PCR was performed in EDTA whole blood samples as described 
before.21

Statistical analysis

Data are presented as median and range unless indicated otherwise. The correlation 
between parameters was assessed with Spearman rank correlation analysis, whereas 
diff erences between groups were analyzed with Mann Whitney U test. Tests were 
two-sided; a p-value of < 0.05 was considered as signifi cant. 

Results

Soluble SERPINB9 is present in serum from healthy individuals and renal 
transplant recipients. Soluble SERPINB9 (sSERPINB9) levels were measured with 
a previously described specifi c SERPINB9 ELISA, which does not cross-react with 
the most homologous intracellular serpins SERPINB6 and SERPINB8.19 sSERPINB9 
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could be measured in serum samples from healthy individuals (n=25; median: 530 
pg/ml, range: 122-1263 pg/ml). When these samples were pre-incubated with an 
abundant amount of coating antibody, the response of the samples in the ELISA 
was abrogated, indicating that the serum levels of sSERPINB9 did not result from 
non-specifi c reactions in the ELISA (data not shown).

Figure 1: Serum levels of sSERPINB9 in healthy individuals and in patients with renal 
insuffi  ciency. The serum levels of sSERPINB9 (n=46) are signifi cantly higher in patients 
with renal insuffi  ciency before transplantation than in healthy individuals (n=25, p=0.0001). 
The y-axis shows serum levels of sSERPINB9 in pg/ml. Median levels of sSERPINB9 are 
indicated by the horizontal bars.

sSERPINB9 serum levels from 46 patients before renal transplantation (median: 
928 pg/ml, range: 240-6565 pg/ml) were signifi cantly higher than those in healthy 
individuals (p<0.0001, see fi gure 1). Therefore, we questioned whether sSERPINB9 
might be cleared by the kidney, and hence the relation between renal function and 
sSERPINB9 levels was studied. No correlation was found between the creatinine 
clearance as measured by the Cockroft -Gault formula and sSERPINB9 levels 
(R=0.081, data not shown) which might be expected on base of the molecular 
weight of SERPINB9 of 42 kDa. Therefore, we judged it not necessary to correct 
sSERPINB9 levels for renal function impairment in transplant recipients. 
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Analysis of the molecular size of soluble SERPINB9 in serum

To further analyze the molecular size of sSERPINB9 in serum, samples from some 
patients were separated on an AcA54 column in the presence of 2M NaCl. An example 
of these experiments is shown in Figure 2A, which demonstrates that sSERPINB9 in 
the serum of patient 1 migrated in two peaks. One peak corresponds to a molecular 
weight of approximately 79 kDa (fraction 38). The other peak migrated at about 
52 kDa (fraction 49). The 79 kDa form of sSERPINB9 may represent a SERPINB9-
dimer or a complex of sSERPINB9 with another protein(s), such as GrB. To further 
characterize SERPINB9 in serum, an ELISA for sSERPINB9/sGrB-complexes was 
developed using anti-SERPINB9 polyclonal antibodies as catching antibodies 
and anti-GrB mAb GB-11 as detecting antibody. With this assay sSERPINB9/sGrB 
complexes could be detected in serum samples from some, but not all patients. An 
example is shown in Figure 2B. In addition, sSERPINB9/sGrB complexes could be 
detected in the high molecular weight peak of sSERPINB9 (fraction 38, patient 1: 
Figure 2A). These data indicate that sSERPINB9 occurs in serum at least partially 
complexed to GrB.

Serum levels of sSERPINB9 increase during primary CMV-infection aft er renal 
transplantation

In patients who developed a primary CMV infection aft er renal transplantation, 
serum levels of sSERPINB9 increased signifi cantly from 275 pg/ml, 83-688 pg/ml 
(median and range) at one week aft er transplantation, when PCR was negative, up 
to 2324 pg/ml, 532-10046 pg/ml (median and range) at the time of peak PCR. This 
increase in serum levels of sSERPINB9 paralleled the increases both of CMV-DNA, 
as measured by PCR, and of soluble GrB levels. The peak values of sSERPINB9 
in sera from patients with symptomatic CMV infection (2780 pg/ml, 532-10046 
pg/ml, median and range, n=16) were signifi cantly higher than those in patients 
with asymptomatic infection (1112 pg/ml, 620-2367 pg/ml, median and range, n=7; 
p=0.01; see fi gure 3). 
Figure 4A and 4B show the course of serum levels of sSERPINB9 and sGrB, as 
well as the viral load, in two representative patients experiencing a symptomatic, 
respectively an asymptomatic course of primary CMV infection. sSERPINB9 
serum levels rose in parallel with increases in sGrB and PCR for CMV-DNA. In the 
majority of patients, the time point of peak values of sSERPINB9, sGrB and CMV-
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DNA coincided around the same day aft er transplantation in that patient. Although 
their time course correlated, the extent of sSERPINB9 rise did not correlate with 
that of sGrB level (n=28, R=-0.20) or with that of CMV DNA (n=156, R=0.23, data 
not shown).

Figure 2: Characterization of sSERPINB9 and sGrB in serum of renal transplant 
recipients (A): sSERPINB9 and sGrB from serum of renal transplant recipients were 
characterized by gel fi ltration and ELISA as described in the Materials & Methods 
Section. This representative example shows two peaks of sSERPINB9 corresponding 
to a molecular weight of 79 kDa (fraction 38) and 52 kDa (fraction 49). The 79 kDa 
form of sSERPINB9 may represent a SERPINB9-dimer or a complex of sSERPINB9 
with some other protein(s), such as proteoglycans or GrB. (B): sSERPINB9/sGrB 
complexes were measured in the sera analyzed by gelfi ltration using ELISA. The 
high molecular weight peak of sSERPINB9 in the serum from patient 1 (fraction 
38 of the example given in fi gure 2A) yielded a positive response and appeared to 
contain sSERPINB9/sGrB complexes.
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Figure 3: Levels of sSERPINB9 in patients with a symptomatic primary post transplant 
CMV infection are signifi cantly higher than those in patients with an asymptomatic course. 
Levels of sSERPINB9 in pg/ml (y-axis) at the time of peak PCR-CMV value are represented 
in box plots. These levels diff er signifi cantly between patients with a symptomatic CMV 
course (n=16) and patients with an asymptomatic CMV course (n=7, p=0.01).

Serum levels of sSERPINB9 do not relate to subclinical or acute renal allograft  
rejection

Levels of sSERPINB9 did not diff er signifi cantly between patients with subclinical 
rejection, acute rejection or no rejection. Figure 5 shows all sSERPINB9 levels from 
individual patients measured at diff erent time points during the fi rst six months 
aft er transplantation and the median values of sSERPINB9 for these three groups. 
In 107 serum samples obtained from 9 patients experiencing a subclinical rejection 
episode, sSERPINB9 and sGrB levels were respectively 936,53 (130-8565) pg/ml and 
40,55 (1,5-4453) pg/ml. In 123 serum samples obtained from 7 patients experiencing 
an acute rejection episode, sSERPINB9 and sGrB levels were 555,55 (35,25-10046) 
pg/ml and 38,5 (3-1256) pg/ml. In 47 serum samples obtained from 7 patients with 
stable allograft  function, sSERPINB9 and sGrB levels were 852,56 (162-27300) pg/
ml and 19 (5-1244) pg/ml. Statistical analysis showed no signifi cant diff erence in 
levels of sSERPINB9 between these three clinical conditions (data not shown). 
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Figure 4: Time courses of serum levels of sSERPINB9 and sGrB in representative patients 
with a symptomatic, respectively asymptomatic course of primary pos  ransplant CMV 
infection. Parallel rise in sSERPINB9 levels and the increase in sGrB and PCR for CMV 
DNA during primary CMV infection in a patient experiencing a primary symptomatic 
CMV infection and a primary asymptomatic CMV infection are shown in fi gures 4A and 4B 
respectively. The x-axis shows the time in days aft er transplantation. The left  y-axis shows 
the serum concentrations of sGrB and sSERPINB9 (pg/ml); the right y-axis shows copies of 
CMV DNA (copies/ml whole blood).
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Figure 5: Serum levels of sSERPINB9 are not increased during (subclinical) rejection in renal 
transplant recipients. sSERPINB9 levels of patients experiencing a subclinical rejection, 
an acute rejection or stable state without rejection measured at diff erent time points aft er 
transplantation are shown in pg/ml (y-axis). In 107 serum samples obtained from 9 patients 
experiencing a subclinical rejection, sSERPINB9 level was 937 (130-8565) pg/ml. In 123 serum 
samples obtained from 7 patients experiencing an acute rejection, sSERPINB9 level was 556 
(35-10046) pg/ml. In 47 serum samples obtained from 7 patients with stable state, sSERPINB9 
level was 853 (162-27300) pg/ml. Median and ranges of longitudinal measurements of each 
individual patient are shown. No signifi cant diff erences were found. 

Figure 6 shows the time course of sSERPINB9 and sGrB levels in three representative 
patients, who developed a subclinical rejection (Figure 6A), an acute rejection 
(Figure 6B) or no rejection (Figure 6C), respectively. The do  ed line represents 
the day of biopsy. In the patient with a subclinical rejection, the prescheduled 
biopsy was taken 6 months aft er transplantation. The levels of sSERPINB9 and 
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sGrB around these days were already quite low. The acute rejection in fi gure 6B 
was diagnosed around day 20. About 15 days later, the sGrB levels rose, but the 
sSERPINB9 levels stayed low. In case of stable allograft  function, the sSERPINB9 
and sGrB levels were low during the whole course aft er transplantation (Figure 
6C). Statistical analyses were also performed between the sSERPINB9 levels at 
time of biopsy and at the day before transplantation. No signifi cant correlation 
was found between levels of sSERPINB9 at the day before transplantation and the 
related clinical manifestation (data not shown).

Figure 6: Time-kinetics of sSERPINB9 and sGrB levels in serum samples from three 
representative renal transplant recipients with subclinical, acute or no rejection. No 
signifi cant diff erences in sSERPINB9 level at the time of biopsy between subclinical, acute 
or no rejection were observed. The x-axis shows the time in days aft er renal transplantation. 
The y-axis shows the serum concentration of sSERPINB9 in pg/ml. The do  ed line represents 
the day of renal transplant biopsy.
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Discussion

The present study shows that the intracellular serpin SERPINB9 can be detected 
in human serum. Serum levels of this specifi c GrB inhibitor are increased during 
primary CMV infection aft er renal transplantation as compared to healthy 
individuals. 
In vitro studies have revealed that SERPINB9 is an inhibitor of granzyme B.11;12 
SERPINB9 belongs to the subfamily of intracellular serpins which are unique in 
that they lack a cleavable N-terminal signal sequence and, therefore, reside and 
function mainly intracellular.22 SERPINB9 is thought to neutralize cytoplasmic 
GrB, thereby protecting cells from GrB-induced apoptosis. The in vivo expression 
of this protein is in line with this supposed function, as it is expressed in cells that 
contain or meet substantial levels of GrB.14;15

Though intracellular serpins exert their functions primarily intracellular, at least 
2 other intracellular serpins, SERPINB2 (PAI-2) and SERPINB3 (SCCA1), are also 
found extracellular. SERPINB2 is partially secreted through a yet unidentifi ed 
secretory pathway,23 whereas SERPINB3 is thought to be passively released into the 
circulation.24 Here, we show SERPINB9 in the circulation of healthy individuals, 
which is increased during primary CMV infection aft er renal transplantation. 
Whether sSERPINB9 is actively secreted or passively released remains to be 
elucidated. 
In addition, we show that sSERPINB9 in serum partially occurs as complex 
with GrB. As inhibition of target proteinases by serpins yields covalently linked 
complexes between these compounds, these sSERPINB9/sGrB complexes thus 
provide us with more evidence that sSERPINB9 inhibits GrB in vivo. Up to now, such 
complex formation between serpins and their cognate proteases, like Thrombin- 
AT ; plasmin-antiplasmin and complement factor 1 esterase ‒ complement factor 
1 esterase inhibitor, are shown to be required as the fi rst step for exerting serpin’s 
inhibitory function. 
Previously, we showed that during primary CMV infection in patients aft er renal 
transplantation a marked and temporal increase in systemic levels of soluble granzymes 
A and B occurs.8 The increase in soluble granzyme B levels in the peripheral blood 
compartment probably refl ects direct secretion of granzymes synthesized during the 
virus-induced CTL response. In the majority of patients, serum levels of sSERPINB9 
increased in parallel with the rise in PCR for viral DNA and followed or coincided 
in time the soluble granzyme B levels. The peak concentrations of CMV-PCR, 
granzyme B and sSERPINB9 occurred around the same day aft er transplantation. In 
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patients, suff ering from symptomatic CMV infection, levels of sSERPINB9 reached 
signifi cantly higher levels than in asymptomatic patients. These higher sSERPINB9 
levels may be explained by a more protracted exposure of the immune system to 
the virus, since active viral replication as measured by PCR was detectable for a 
longer duration in symptomatic patients than in asymptomatic ones. They may 
also be explained by the higher number of virally infected endothelial cells in 
the symptomatic patients. For, these cells are one of the principal reservoirs of 
CMV and they have been shown to contain high amounts of SERPINB9.5;14 Virally 
infected endothelial cells are continuously imposed by misdirected granzyme B 
which is released from virus-specifi c CTLs. We speculate that in order to escape 
this unwanted cytotoxicity, these cells probably express SERPINB9 to a high 
degree. Other cell types may also be a source of sSERPINB9. Bird et al showed 
that CTLs produce high levels of SERPINB9 during infl ammatory responses in 
order to protect themselves.12 As we could not demonstrate a correlation between 
the number of CMV specifi c CTLs and the serum levels of sSERPINB9 in either 
symptomatic or asymptomatic recipients, these cells seem not to be the source of 
elevated sSERPINB9 (data not shown). In contrast, dendritic cells may well be a 
source of sSERPINB9 during the antiviral immune response.13 Whether the rise in 
systemic sSERPINB9 levels is specifi c for CMV-infection seems unlikely in view of 
its antagonistic function towards granzyme B that is released upon degranulation 
of cytotoxic cells irrespective of their target. But this remains to be determined. 
In patients just before renal transplantation, sSERPINB9 levels in serum were 
signifi cantly higher than in healthy individuals, which could not be explained 
by renal function impairment. The la  er seemed already unlikely in view of the 
high molecular weight of SERPINB9, 42 kD, still apart from the possibility that 
this molecule in part circulates as complexes with macromolecular proteins. Also 
no relationship with pre-existing renal disease seemed to exist. Possibly, it has 
something to do with the uremic state of these patients. 
Serum levels of sSERPINB9 did not diff er between patients with subclinical rejection, 
acute rejection or no rejection. Also, the sSERPINB9 levels measured at the day 
before transplantation did in retrospect not discriminate between these clinical 
conditions. Recently, we have shown that hyperexpression of SERPINB9 by renal 
tubular cells possibly prevents CTL damage to the allograft  in transplant recipients 
undergoing a subclinical rejection.18  For in subclinical rejection SERPINB9 was 
expressed by tubular target cells to a higher degree than in acute rejection. 
Subclinical rejection refers to a condition in which, in contrast to acute rejection, 
apparent interstitial infl ammation in the presence of histological signs of rejection 
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(tubulitis) does not lead to deterioration of renal allograft  function. In the study 
reported here we found, however, no diff erences between sSERPINB9 serum levels 
in patients with subclinical rejection as compared to those with clinical rejection 
or no rejection. Apparently, hyperexpression of SERPINB9 by renal tubular cells 
in subclinical rejection is not refl ected by increased systemic levels of sSERPINB9. 
Similar data have been shown previously for systemic soluble granzyme B levels 
during acute rejection as compared to local expression. During acute rejection, 
increased numbers of GrB+ CTLs in allograft  biopsies have been found.6;7 However, 
soluble granzyme B levels in the serum compartment were not elevated, indicating 
the absence of a systemic cytotoxic lymphocyte response during this condition.8 
Accordingly, in the present study, low GrB levels were measured during acute 
rejection (data not shown). As the mRNA levels encoding either SERPINB9 or GrB 
have been shown previously to be increased in urinary cells in recipients with 
acute rejection versus no rejection,25 we speculate that measurement of SERPINB9 
mRNA levels and SERPINB9 on protein level in urinary cells from renal transplant 
recipients with subclinical, acute or no rejection may constitute a noninvasive 
diagnostic tool to assess these diff erent intragraft  events during subclinical and 
acute rejection. To address this question, further studies are in progress. 
Not much is known about the regulation of SERPINB9 gene expression. Pro-
infl ammatory agents such as LPS and the cytokines IL-1β and TNFα can induce 
SERPINB9 gene expression.26 Thus, SERPINB9 seems to have a central role in 
modulating infl ammatory processes, such as inhibition of IL-1β activation, and 
apoptosis, by inhibition of granzyme B. 
In conclusion, the granzyme B inhibitor SERPINB9 can be detected in blood 
and increases temporarily during primary pos  ransplant CMV infection, which 
coincided with the rise in soluble granzyme B and CMV DNA. On the other hand, 
as they were not increased during subclinical rejection, levels of sSERPINB9 in the 
circulation do not refl ect intragraft  events.
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In this thesis, we present the results of an open-label, prospective, randomized 
multicenter trial, in which 126 renal transplant recipients were treated with a 
calcineurin sparing quadruple drug regimen, consisting of CD25 mAb, cyclosporine 
or tacrolimus, mycophenolate mofetil and prednisolone.

In chapter 2, the clinical results from this trial are described and show that the use of 
either cyclosporine or tacrolimus in this cohort did not diff er regarding their impact 
on mean graft  function as estimated by the calculated GFR at 6 and 12 months aft er 
transplantation. At one year, patient survival was 97% in the cyclosporine treated 
patients, versus 98% in the tacrolimus treated patients. Graft  survival was 95% 
versus 91%, respectively. Regarding non-immune toxicity parameters, a marked 
increased incidence of post transplant diabetes mellitus (PTDM) occurred in the 
tacrolimus treated recipients, and slightly higher cholesterol values and a trend to 
the use of more lipid-lowering drugs characterized the use of cyclosporine.

Chapter 3 describes the results of quantitative measurements of interstitial 
fi brosis by digital image analysis of fractional cortical interstitial fi brosis of serial 
biopsies at 6 and 12 months aft er renal transplantation in these patients. We found 
a prevalence of 27% and 19% of subclinical rejection episodes at 6, respectively 
12 months aft er transplantation. Although cyclosporine therapy was associated 
with higher rates of both subclinical and acute rejection episodes during the 
fi rst 6 months as compared to tacrolimus, this did not result in a higher degree 
of fi brosis. Moreover, renal function was similar in both groups at one year. The 
occurrence of chronic allograft  nephropathy (CAN) was not related to the nature 
of the calcineurin inhibitor. Calcineurin inhibitor nephrotoxicity as defi ned by 
the presence of de novo nodular arteriolar hyalinosis and/or striped fi brosis and 
tubular microcalcifi cation was found to be present in 24% of the biopsies at one 
year and was not dependent on either cyclosporine or tacrolimus treatment. 
This incidence is lower than that reported by Nankivell et al, who detected an 
incidence of calcineurin inhibitor nephrotoxicity as high as 53% at one year 
aft er transplantation.1 Low target AUC-guided dosing of calcineurin inhibitors 
appeared indeed to result in less nephrotoxicity with maintenance of effi  cacy. The 
prevalence of chronic rejection mounted 2% at one year and was not infl uenced by 
the use of either cyclosporine or tacrolimus. 
Longer follow-up of this same patient cohort will reveal whether the fi ndings found 
at one year aft er transplantation hold true as time progresses. The available 2 years 
analysis at this moment is still congruent with the results obtained at 1 year aft er 
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transplantation, showing no diff erence in renal function between cyclosporine 
and tacrolimus treated recipients. Despite the AUC guided dosing aimed at low 
predefi ned targets, the treatment with tacrolimus was associated with a signifi cant 
higher incidence of PTDM. PTDM and impaired glucose tolerance are increasingly 
recognized as serious complications of organ transplantation, resulting in increased 
susceptibility to infectious and cardiovascular complications, and ultimately 
decreased graft  ‒ and patient survival.2-6 Apart from the well known diabetogenic 
eff ect of tacrolimus, the chronic use of corticosteroids may well have contributed 
to the high incidence of PTDM. 
Steroid-sparing or steroid withdrawal regimens could help to reduce the 
incidence of PTDM, but must be weightened against the increased risk of allograft  
rejection.7-9 There was no diff erence in the incidence of acute rejection between 
patients continuing steroids or those in whom the drug was withdrawn, provided 
the recipients had received induction antibody therapy.9 Considering the excellent 
3-4 years graft  outcome in some studies on early steroid withdrawal and the high 
effi  cacy of IL-2α-receptor blockers in decreasing the acute rejection rate, steroid 
sparing immunosuppressive regimens should receive a  ention again.10;11 The 
issue whether to select early or late steroid withdrawal is as yet not se  led.12;13

If both calcineurin-sparing and steroid-sparing protocols will show to have excellent 
long-term outcome, future patient care may involve individualized therapy to 
avoid specifi c side eff ects. Alternatively, protocols may be devised that minimize 
both prednisone and calcineurin inhibitors. The CD25 mAb simulect at a fi xed 
dose of 20 mg at day 0 and day 4 aft er transplantation can give rise to therapeutic 
levels of CD25 mAb during 4-6 weeks.14;15 To guarantee an optimal therapeutic 
level of CD25 mAb in case of early prednisone avoidance, monthly monitoring of 
its serum level is advisable. Extending the protection by CD25 mAb by repeating 
the fi xed two dose regimen may form part of a steroid avoidance protocol since the 
repetitive administration of CD25 mAbs has been shown safe.16;17

In chapter 4, we questioned the mechanisms of persistent alloreactivity in recipients 
of the CD25 mAb containing, calcineurin based quadruple drug regimen. We show 
that CD25 mAb, even at high concentrations, could not completely inhibit the 
proliferative capacity of allo-antigen activated T cells. Considering the minimal 
eff ect of this drug on the precursor frequency of alloreactive CD4+ and CD8+ T 
cells, we concluded that blockade of the IL-2Rα has a much stronger inhibitory 
eff ect on the proliferative capacity of responding T cells than on recruitment of 
these T cells into the dividing pool. In vitro, CD25 mAb only slightly decreased the 
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intracellular expression of the eff ector cytokines IFN-γ, TNF-α and IL-2, as well 
as the intracellular amount of the cytotoxic eff ector molecules granzyme B and 
perforin. Persistence of about 15% of cytokine-producing, proliferating alloreactive 
cells may be responsible for injury to the allograft .18 Although cytotoxic function 
of alloactivated T cells in vitro was completely abolished even at subtherapeutic 
concentrations of the mAb, other cytokines of the common cytokine-receptor 
γ-chain family such as IL-7, IL-15 and IL-21 could rescue the cytotoxic capacity 
of alloreactive cells. Whether produced by T cells, dendritic cells, monocytes/
macrophages or non-haematopoietic cells, all these cytokines can be present 
within an allograft  undergoing a rejection episode. Blocking their receptors may 
be necessary to obtain complete inhibition of alloreactivity in vivo and may off er 
additional therapeutic potential. Lastly, functional competition between IL-2 and 
CD25 mAb may explain persistent responsiveness of activated T cells to IL-2, 
provided enough IL-2 is present locally.

Thanks to prescheduled serial renal allograft  biopsies, we learned that the presence 
of an infi ltrate of GrB+ cytotoxic T cells within the allograft  does not always lead 
to overt rejection. During so-called subclinical rejection and in sharp contrast to 
acute rejection, tubulitis with infi ltrating GrB+ CTLs capable of inducing apoptosis 
is not accompanied by deterioration of renal allograft  function. A key feature of 
programmed cell death is proteolysis. Eff ective control of proteolysis by serpins is 
essential for protection against proteinase mediated injury. Data on tissue expression 
and function of enzymes that inhibit apoptosis in renal transplant recipients 
are lacking. Considering the central role of granule-mediated apoptosis in the 
pathogenesis of acute rejection,19-21 we addressed the role of SERPINB9 as one of the 
protective forces against GrB mediated immunologic allograft  injury in subclinical 
rejection. In chapter 5, we demonstrate for the fi rst time that hyperexpression of 
protease inhibitor 9 (PI-9), SERPINB9 by renal tubular cells may confer these cells 
resistance to cytotoxicity, mediated by GrB+ T cells infi ltrating the graft  during 
subclinical rejection. SERPINB9 is the only known human protein that specifi cally 
inhibits GrB.22;23 The in vivo distribution pa  ern suggests that SERPINB9 protects 
against unwanted cytotoxicity, since it is among others expressed at immune 
privileged sites.24 Be  er understanding of the immunopathological mechanisms 
underlying subclinical rejection is necessary to identify new diagnostic and 
therapeutic approaches in both prevention and treatment of immune mediated 
injury to graft  tissue. Induction of PI-9 expression in renal tubular cells might 
be considered as a new strategy to confer resistance against cytotoxic eff ects of 
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granzyme B mediated activity. Study of the factors that induce upregulation of 
SERPINB9 in recipients undergoing subclinical rejection is of importance. Notably, 
reports in the literature and experiments performed in our own lab indicate that 
SERPINB9 is upregulated by Toll like receptor (TLR)-ligands, such as IL-1β, LPS, 
CpG DNA and TNFα.25 Hence, it can be speculated that infl ammatory signals of 
any nature are likely candidates to promote SERPINB9 expression in some patients 
and not in others. Genetic polymorphism in TLR’s, as has been described for TLR2 
and TLR4, and/or in SERPINB9 might play an additional role.26;27 Based on our 
recent fi ndings on the protective role of SERPINB9 against granzyme B induced 
cytotoxicity in subclinical rejection, we aim to extent these studies in larger groups 
of clinically well defi ned patients aft er renal transplantation. Whether other 
granzyme inhibitors, in particular of granzyme A, are also expressed by renal 
tubular cells will be the subject of future investigations. Next, we questioned 
whether SERPINB9 circulates extracellularly, in the systemic circulation, as it is 
reported for at least two other, previously intracellular designated serpins, i.e. 
SERPINB2 (PAI-2) and SERPINB3 (SCCA1).28;29 If so, it would be important to 
know whether levels of soluble SERPINB9 (sSERPINB9) in easily obtainable body 
fl uids like serum and urine, give similar information as obtained from biopsies. 
In chapter 7, we demonstrate that human serum contains measurable amounts of 
soluble SERPINB9. However, serum levels of sSERPINB9 did not diff er between 
recipients with subclinical rejection, acute rejection or uncomplicated pos  ransplant 
course. Also, the sSERPINB9 levels measured at the day before transplantation 
did in retrospect not discriminate between these clinical conditions. Apparently, 
hyperexpression of SERPINB9 by renal tubular cells in subclinical rejection is not 
refl ected by increased systemic levels of sSERPINB9. In parallel, soluble GrB levels 
in the serum compartment were not elevated during acute rejection, although 
increased numbers of GrB+ CTLs were found in the allograft  biopsies.19;20;30 Since 
the mRNA levels encoding either SERPINB9 or GrB have previously been shown 
to be increased in urinary cells in recipients with acute rejection in contrast to 
those in patients without rejection,31 we speculate that measurement of SERPINB9 
mRNA levels and SERPINB9 on protein level in urinary cells from renal transplant 
recipients with subclinical, acute or no rejection may constitute a noninvasive 
diagnostic tool to assess these diff erent intragraft  events. To address this question, 
further studies are in progress.

CMV infection in man has been implicated in the development of both acute 
and chronic allograft  rejection and is associated with decreased allograft  ‒ and 
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patient survival.32-35 Animal studies have demonstrated that prolonged, increased 
expression of ICAM-1 and VCAM-1 by vascular endothelial and tubular epithelial 
cells, and increased numbers of infl ammatory cells expressing their ligands in the 
CMV infected graft s, are associated with accelerated chronic allograft  nephropathy 
in these animals.36;37 In chapter 6, we give an update on clinical and immunological 
aspects of CMV infection in transplant recipients with an emphasis on current 
insights in the cellular immune response against CMV and an overview of current 
insights in optimal treatment of CMV infection in transplant recipients. 

Given the anti-infl ammatory and anti-apoptotic functional characteristics of 
SERPINB925 and given the pivotal role GrB mediated cytotoxicity plays in cellular 
immunity against cytomegalovirus (CMV), we wondered whether sSERPINB9 is 
detectable during primary post-transplant CMV infection. In chapter 7, we show 
that sSERPINB9 levels are indeed increased upon primary CMV infection aft er 
renal transplantation as compared to levels in renal transplant patients with an 
uncomplicated post-transplant clinical course. In the majority of patients, serum 
levels of sSERPINB9 increased in parallel with the rise in PCR for viral DNA and 
followed or coincided in time the soluble GrB levels. The peak concentrations of 
CMV-PCR, GrB and sSERPINB9 occurred around the same day aft er transplantation. 
In patients, suff ering from symptomatic CMV infection, levels of sSERPINB9 
reached signifi cantly higher levels than in asymptomatic patients. These higher 
sSERPINB9 levels may be explained by a more protracted exposure of the immune 
system to the virus, since active viral replication as measured by PCR was detectable 
for a longer duration in those patients. Another explanation may be the higher 
number of virally infected endothelial cells in the symptomatic patients. For, these 
cells are one of the principal reservoirs of CMV and they have been shown to 
contain high amounts of SERPINB9.38;39 Other cell types may also be a source of 
sSERPINB9. Bird et al showed that CTLs produce high levels of SERPINB9 during 
infl ammatory responses in order to protect themselves.22 Dendritic cells may be 
an additional source during the antiviral immune response.40 Whether the rise in 
systemic sSERPINB9 levels is specifi c for CMV-infection seems unlikely in view 
of its antagonistic function towards GrB that is released upon degranulation of 
cytotoxic cells irrespective of their target. But this remains to be determined. 
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Concluding remarks

Looking at the future, several recently developed immunosuppressive drugs will 
enter the clinical transplant fi eld. These new drugs are diff erent from the currently 
used drugs regarding their non-nephrotoxic, anti-atherogenic and anti-neoplastic 
properties. One of these drugs is rapamycin (sirolimus, SRL) or its analogue 
RAD001 (everolimus). Rapamycin inhibits lymphocyte proliferation, has apoptotic, 
anti-oncogenic properties and decreases intima-proliferation aft er vascular injury 
in both animals and humans.41;42 Rapamycin has proven to be more eff ective 
in the prevention of renal allograft  rejection as compared to azathioprine and it 
allows calcineurin withdrawal when used as maintenance immunosuppressive 
therapy.43;44 In theory, because of its anti-atherogenic properties it can also be of 
use in the prevention of chronic rejection. 

Another relatively new drug is FTY720, a sphingosine-1-phosphate receptor 
agonist leading to an altered migration pa  ern of lymphocytes between blood, 
peripheral tissues and lymph nodes.45 Recently, a phase 2a, multicenter, open-
label, dose-fi nding study compared FTY720 with mycophenolate mofetil (MMF), in 
combination with cyclosporine and corticosteroids, in renal transplant recipients. 
Aft er 6 months follow-up, effi  cacy and safety of FTY720 was comparable to MMF. 
The acute rejection rate was 9.8% in FTY720 treated patients versus 17.1% in MMF 
treated patients.46 Animal studies have suggested a protective eff ect of FTY720 
on advanced stages of CAN, probably due to a reduction of graft  infi ltrating 
lymphocytes.47 In summary, the clinical value of FTY720, in particular its advantage 
above other immunosuppressive drugs remains to be proven. Its eff ects on CAN in 
humans have yet to be determined.

In view of the rapid advances in our knowledge of the human genome, also the 
fi eld of transplantation immunology will take advantage of these new insights. 
In order to defi ne diff erences in ‒ possibly genetic ‒ predisposition to develop an 
infl ammatory response in the allograft , which may have predictive value for the 
development of acute, subclinical, and/or chronic allograft  rejection, a molecular 
approach should be used. Detection of immune response genes which are 
predictive for the clinical course aft er renal transplantation will help to develop 
tailor-made immunosuppressive drug regimens. Knowledge of tissue expression 
of cytokine – and chemokine genes as well as the genes encoding for their receptors 
will be applied in future clinical trials. The same holds true for genes inducing 
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and regulating fi brosis. In a recent study, Sarwal et al provided evidence that 
molecular heterogeneity in acute renal allograft  rejection underlies the variability 
in the response to anti-rejection therapy and in graft  survival.48 Using a DNA-
microarray, they defi ned the mRNA-expression profi le of RNA isolated from 
67 renal transplant biopsy specimens. The fi ndings indicated that acute rejection 
is heterogeneous at the molecular level, even when fi ndings on conventional light 
microscopy are similar. For instance, even though CD8+ and CD4+ T lymphocytes 
were prominent on light microscopy in all samples from patients with acute 
rejection, the levels of expression of T-cell–specifi c and T-cell–inducible mRNA 
transcripts diff ered markedly among biopsy specimens and 3 possible distinct 
subtypes of acute rejection could be discerned which were marked by diff erences in 
immune activation and cellular proliferation. Further analysis revealed a signifi cant 
association between dense CD20+ B-cell infi ltrates and both clinical glucocorticoid 
resistance and graft  loss. Moreover, the gene-expression profi les could distinguish 
among samples from patients with acute rejection, nephrotoxic eff ects of drugs, 
infection and normal kidneys. Scherer et al used gene expression profi ling of 
human protocol biopsies aft er renal transplantation to identify expression pa  erns 
of prognostic value for the development of chronic rejection and showed some 
clusters at 6 months to be predictive for the development of chronic rejection at 12 
months aft er transplantation.49 Regarding gene expression profi les of peripheral 
blood lymphocytes, Sabek et al showed upregulation of mRNA for HLA-DR, 
granzymeB and perforin in renal transplant patients with acute rejection. Also, 
increases in TNFα and IL4 gene expression were found in patients who later 
on developed a rejection episode.50 Thus, a molecular approach may help to 
characterize the diff erent complications following renal transplantation. 

In this thesis we present a molecular mechanism for the pathogenesis of subclinical 
rejection. Without doubt, many other molecules that protect the allograft  against 
immunological injury will be discovered. Complete elucidation of the pathogenesis 
of subclinical rejection will be followed by a  empts to apply this knowledge for 
the prevention of allograft  damage resulting from acute rejection. Besides, future 
studies will be necessary to answer the question whether the silent infi ltrates during 
subclinical rejection should be antagonized or not. Large retrospective studies of 
serial allograft  biopsies of kidney-pancreas recipients have given accumulating 
support for subclinical rejection episodes being an important risk factor for the 
development and progression of CAN, defi ned according to semiquantitative 
scoring systems.51-53 Long term eff ects of subclinical rejection(s) on renal allograft  
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function and survival, as well as their impact on induction of quantitatively 
measured tubulointerstitial fi brosis have yet to be investigated in a prospective 
design. In order to ultimately determine to whether degree subclinical rejections 
are responsible for persistent allograft  injury, studies on early intervention therapy 
versus placebo should be initiated. These studies should be guided by serial 
protocol biopsies or by other sensitive parameters that are predictive for late graft  
function.

In summary, a patient oriented selection of prophylactic immunosuppressive 
drug treatment can be reached only in parallel with increasing and be  er 
understanding of immunological and non immunological processes underlying 
long term graft  failure. Strategies to establish new calcineurin sparing and steroid 
sparing regimens in combination with a genetic molecular approach in order to 
understand the predictive gene expression pa  erns for pos  ransplant events 
along with stratifi cation programs to determine the clinical value of treatment 
of subclinical rejections will provide us with useful information on our way to 
achieve this goal.
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In de loop van de afgelopen decennia heeft  solide orgaantransplantatie zich 
ontwikkeld tot de meest geschikte behandeling wanneer er sprake is van orgaanfalen, 
zoals dat het geval kan zĳ n bĳ  hart, lever, nieren and longen. Met de zich steeds 
weer verbeterende ontwikkelingen op het gebied van afweerremmende middelen, 
de zogenaamde immunosuppressiva, is de overleving van een getransplanteerde 
nier sterk verbeterd zodat de huidige eenjaarsoverleving van postmortale nieren 
ruim 90% bedraagt. Dit behaalde succes is het meest uitgesproken bĳ  patiënten die 
geen afstotingsreactie na de transplantatie doormaken wat in feite het belang van de 
immunologische response ten aanzien van het geïmplanteerde lichaamsvreemde 
orgaan onderschrĳ ft . Maar aan het gebruik van immunosuppressiva zĳ n ook 
keerzĳ den verbonden, zoals sterk verhoogde vatbaarheid voor infecties en het 
ontwikkelen van kwaadaardige tumoren. Bovendien hebben de patiënten ten 
gevolge van bĳ werkingen van deze geneesmiddelen een verhoogde kans op hart-
en vaatziekten welke soms levensbedreigend zĳ n en tot het overlĳ den kunnen 
leiden, terwĳ l het getransplanteerde orgaan nog naar behoren functioneert. 
Tot op vandaag kennen wĳ  geen voorspellende factoren die het gebruik van 
immunosuppressiva zodanig kunnen individualiseren dat maximale preventie 
van immunologische reacties die tot afstoten van een transplantaat leiden, wordt 
bereikt terwĳ l tegelĳ kertĳ d de kans op bĳ werkingen, infecties en tumoren minimaal 
blĳ ft . Ondanks het bovengenoemde succes, blĳ ken acute afstotingsreacties 
niet geheel te voorkomen, en komen ook de zogenaamde chronische rejecties 
en subklinische rejecties nog steeds voor. Er is sprake van een subklinische 
rejectie wanneer microscopisch onderzoek van het niertransplantaatweefsel een 
echte afstotingsreactie laat zien terwĳ l er geen tekenen van nierfunctie-verlies 
waarneembaar zĳ n. Op dit moment is de betekenis van deze subklinische rejectie 
episoden voor nierfunctie en transplantaat-overleving niet duidelĳ k. Ook weten 
wĳ  niet of de behandeling hiervan met immunosuppressiva nu  ig is.

In dit proefschrift  bespreken wĳ  diverse klinische en immunologische aspecten van 
een immunosuppressief behandelingsschema voor niertransplantatie-patiënten, 
waarbĳ  gebruik werd gemaakt van vier verschillende middelen, te weten CD25 
monoklonale antistoff en, mycofenolaat mofetil, corticosteroïden en calcineurine-
remmers. Het enige verschil tussen hun medicatie regime is het soort calcineurine 
remmer waarbĳ  er Eén groep patiënten werd met cyclosporine behandeld; een 
andere groep met tacrolimus. Hierbĳ  werd aan de ene kant gekeken naar de 
eff ectiviteit van dit regime met accent op nierfunctie en histologie en aan de andere 
kant naar de bĳ werkingen van deze middelen zoals hoge bloeddruk, optreden van 
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suikerziekte, stoornissen in de vetstofwisseling, infecties en het nieuw ontstaan van 
tumoren. Dit vergelĳ kende onderzoek werd uitgevoerd in het AMC te Amsterdam 
en in het LUMC te Leiden en hee  e de zogenaamde CANNES studie: Calcineurin 
Inhibitor Nephrotoxicity and Effi  cacy Study. 

In hoofdstuk 2 en 3 werd gebruik gemaakt van een farmakokinische model om de 
area under the curve (AUC) te meten, welke was gebaseerd op meermalen bepalen 
van de calcineurine-remmer concentraties in het bloed van patiënten, en gebruik 
maakte van bekende statistische gegevens uit de algemene populatie. Zo werd een 
berekeningssysteem ontwikkeld op basis waarvan een voorspelling kan worden 
gedaan over de optimale dosering van deze geneesmiddelen op individuele basis. 
Hiermee werden aanpassingen in de dosering aangebracht. Wĳ  hebben op 6 en 12 
maanden na transplantatie onderzoek van het nierweefsel gedaan om te kĳ ken naar 
het optreden van blĳ vende schade, de zogenaamde verli  ekening of fi brose waarbĳ  
de mate van fi brose werd gekwantifi ceerd met de zogenaamde Sirius rood methode. 
Indien de potentieel gevaarlĳ ke calcineurine-remmers op een gecontroleerde 
manier worden gegeven, zoals via de bĳ  ons gebruikte AUC meting, blĳ kt de mate 
van ontstane fi brose op tĳ dstip 6 maanden en één jaar na transplantatie gelĳ k voor 
de cyclosporine- en tacrolimus behandelde patiënten. Bĳ  gebruik van cyclosporine 
hebben patiënten vaker last van hogere cholesterolwaarden, waarvoor extra 
medicatie nodig is. Er kon geen verschil worden aangetoond ten aanzien van 
hoge bloeddruk en verschillende soorten infecties. Behandeling met tacrolimus 
leidde tot signifi cant meer ontwikkeling van nieuw ontstane suikerziekte dan 
behandeling met cyclosporine. Het is belangrĳ k te noemen dat er geen verschil in 
nierfunctie na 6 maanden en één jaar te ontdekken was tussen deze twee patiënten 
groepen. Alhoewel geen statistisch verschil in optreden van acute afweerreacties 
kon worden aangetoond, was het aantal subklinische rejecties na 6 maanden in de 
patiënten die cyclosporine hadden gebruikt signifi cant hoger dan bĳ  de patiënten 
die tacrolimus hadden gebruikt. Evenwel had dit geen nadelige gevolgen voor 
de nierfunctie na één jaar. Inmiddels hebben wĳ  deze patiëntengroep 2 jaar lang 
kunnen vervolgen, en nog steeds zien wĳ  geen verschillen in nierfunctie tussen 
deze twee groepen. 

In hoofdstuk 4 vroegen wĳ  ons af waarom ondanks gebruik van deze zeer 
sterke immunosuppressieve middelen toch nog steeds afstotingsreacties bĳ  
onze patiënten optreden. Wĳ  hebben laboratoriumonderzoek gedaan met wi  e 
bloed cellen (lymfocyten) van patiënten en gezonde individuen en gekeken naar 
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de eff ecten van CD25 monoklonale antistoff en op proliferatie en diff erentiatie 
van allo-antigeen geactiveerde lymfocyten. Dit zĳ n cellen die in contact worden 
gebracht met voor hen lichaamsvreemde wi  e bloedcellen. Tevens hebben wĳ  
het eff ect van verschillende cytokines, namelĳ k van IL-7, IL-15 en IL-21 op deze 
celkweken, in de aanwezigheid van CD25 monoklonale antistoff en bestudeerd. 
CD25 monoklonale antistoff en bleken meer eff ect te hebben op het vermogen van 
de cellen om zich exponentieel te vermenigvuldigen dan op hun vermogen om 
daadwerkelĳ k aan een delingscyclus te beginnen. Ondanks sterke afname van het 
delingsvermogen van de lymfocyten, werden dezen niet volledig in hun deling 
geremd. Ongeveer 15% van de geactiveerde cellen bleef in staat tot deling. Cellen 
die blĳ ven delen hebben als het ware ook minder munitie aan boord om vreemde 
cellen te kunnen doden. De expressie van IFN-γ, TNF-α, perforin and granzyme 
B in deze cellen was namelĳ k enigszins afgenomen. Indien wĳ  deze cellen testen 
op hun vermogen om andere cellen te kunnen doden, bleken zĳ  dat niet meer te 
kunnen. Dit bleek te berusten op een intrinsiek defect in de cel, ontstaan tĳ dens de 
aanwezigheid van CD25 monoklonale antistoff en. IL-7, IL-15 en IL-21 welke zeer 
waarschĳ nlĳ k lokaal in het niertransplantaat aanwezig zĳ n, bleken deze negatieve 
eff ecten van CD25 monoklonale antistoff en op deling en dodingvermogen van 
de geactiveerde lymfocyten te kunnen omzeilen. Dit betekent dat er zich in een 
transplantaat altĳ d lymfocyten bevinden die in staat kunnen blĳ ven om te delen 
en te doden en zodoende aanleiding kunnen geven tot het ontstaan van een 
afstotingsreactie. Bovendien kan IL2 zelf een competitie aangaan met de CD25 
monoklonale antistoff en voor binding aan zĳ n CD25 receptor, en zo voorkomen 
dat deze aan geactiveerde lymfocyten kunnen binden.

In hoofdstuk 5 stellen wĳ  ons de vraag hoe de zogenaamde subklinische 
afstotingsreacties ontstaan. Dit met het oog op het belang van immunologische 
reacties bĳ  ontstaan van de echte, klinische afstotingsreacties die, in tegenstelling 
tot subklinische rejecties, wel tot achteruitgang in niertransplantaatfunctie leiden. 
Hiervan zou je kunnen leren welke factoren van nature van belang zĳ n bĳ  het 
bestrĳ den van immunologische schade aan een transplantaat. De zogenaamde 
granzyme B positieve T cellen, een bepaalde subset van onze lymfocyten, spelen 
een belangrĳ ke rol bĳ  ontstaan van afstotingsreacties en bĳ  het aanbrengen van 
schade aan de niertubulus cellen. Granzyme B is een toxisch stof wat door deze T 
cellen wordt vrĳ gemaakt om hun doelcellen, namelĳ k de tubuluscellen, te doden. 
In de mens is zeer recentelĳ k een eiwit ontdekt welke de functie van granzyme 
B kan remmen. Dit eiwit heet SERPINB9 of proteinase inhibitor 9. Wĳ  hebben de 
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expressie van granzyme B en SERPINB9 in niertransplantaatweefsel van 3 groepen 
van patiënten onderzocht: patiënten die een acute afstotingsreactie ondergaan, 
patiënten die een subklinische afstotingreactie ondergaan en ook patiënten met 
stabiele nierfunctie, zonder tekenen van afstoting. Wĳ  hebben gezien dat in al deze 
situaties de expressie van granzyme B in lymfocyten niet verschillend was. Met 
andere woorden er was geen verschil in aanvallend front te ontdekken. Daarentegen 
vonden wĳ  dat tubuluscellen in geval van subklinische rejecties meer SERPINB9 
tot expressie brengen dan in het geval van acute afstotingsreacties. Onze conclusie 
was dat hogere expressie van SERPINB9 in geval van subklinische rejecties in staat 
is het eff ect van granzyme B tegen te houden. Experimenten met tubuluscellen 
waarin het waarom achter deze bevindingen wordt onderzocht, zullen van nut zĳ n 
voor de ontwikkeling van toekomstige behandelingsmethoden waarin opregulatie 
van SERPINB9 tot de mogelĳ kheden behoort.

In hoofdstuk 6 bespreken wĳ  een ander belangrĳ k probleem op het gebied van 
solide orgaantransplantatie, namelĳ k cytomegalovirus (CMV) infectie. CMV 
infectie bĳ  patiënten die vòòr hun transplantatie niet in aanraking waren gekomen 
met dit virus en door het met virus besme  e orgaan deze voor hen primaire infectie 
krĳ gen, kan leiden tot ernstige ziekte. CMV infectie speelt ook een belangrĳ ke 
rol bĳ  het ontstaan van de zogenaamde chronische afstotingsreactie en hiermee 
beïnvloedt het de lange termĳ n prognose van een niertransplantaat. Jarenlang 
profylactisch gebruik van antivirale middelen ter bestrĳ ding van deze infectie 
heeft  geleid tot ontstaan van resistentie bĳ  het virus en openbaring van late en niet 
typisch verlopende ziektebeelden die levensgevaarlĳ k kunnen zĳ n. Met behulp 
van tegenwoordig gangbare detectiemethoden zoals PCR kan de infectie vroeg 
worden opgespoord. PCR is een testmethode waarmee vermeerdering van virale 
genen in perifeer bloed kan worden aangetoond, wat een teken van actieve CMV 
infectie is. Wĳ  geven in dit hoofdstuk een samenva  ing van beschikbare gegevens 
over immunologie, diagnostiek en behandeling van CMV infectie. Het belang van 
de ontwikkeling van een eff ectief vaccin voor patiënten die vatbaar zĳ n voor een 
primaire infectie en een orgaantransplantatie ondergaan, wordt benadrukt. 

In hoofdstuk 7 stelden wĳ  onszelf de vraag of SERPINB9 in de systemische 
circulatie bĳ  de mens aanwezig is en, indien ja, hoe het zich gedraagt in geval 
van primaire CMV infectie maar ook in het geval van acute afstotingsreacties 
en subklinische afstotingsreacties. Uiteraard hebben wĳ  deze vraag ook gesteld 
bĳ  niertransplantatie patiënten met stabiele functie die geen enkele vorm van 
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afstotingsreacties tonen. SERPINB9 behoort tot een bepaalde familie van eiwi  en 
waarvan wĳ  denken dat zĳ  alleen in de cel voorkomen en niet buiten de cel. Echter, 
recentelĳ k zĳ n hierop uitzonderingen gevonden. Na ontwikkelen en valideren van 
bepaalde detectiemethoden voor dit eiwit, de zogenaamde ELISAs, zĳ n wĳ  erin 
geslaagd om voor de eerste keer de aanwezigheid van dit eiwit in de systemische 
circulatie aan te tonen. Bovendien levert het voorkomen van complexen tussen 
dit eiwit en granzyme B voor het eerst het bewĳ s in de mens dat dit eiwit 
inderdaad een inhibirende functie heeft  voor granzyme B. Wĳ  hebben ontdekt 
dat de SERPINB9 spiegel in bloed gaat stĳ gen in response op een primaire CMV 
infectie. Patiënten die ten gevolge van deze infectie ziek worden, laten hogere 
spiegels zien in vergelĳ king met patiënten die ondanks actieve CMV infectie geen 
ziekteverschĳ nselen ontwikkelen. Tevens ontdekten wĳ  dat SERPINB9 spiegels in 
de systemische circulatie geen afspiegeling vormen van wat er in het transplantaat 
gebeurt. Omdat tĳ dens een afstotingreactie alle granzyme B positieve T cellen 
naar de plek van ontsteking, namelĳ k het transplantaat worden toegetrokken, 
is de afwezigheid van een verhoging in circulerend SERPINB 9 wel te begrĳ pen. 
Aangezien er tĳ dens een rejectie-episode, ten gevolge van de schade aan het 
nierweefsel, beschadigde tubulus cellen in de urine terechtkomen, veronderstellen 
wĳ  dat urine wellicht een beter compartiment is om SERPINB9 bepalingen in 
te verrichten. Mogelĳ k kan dit leiden tot de ontdekking van een niet bloedige 
methode om rejectie-episoden van welke soort dan ook te diagnosticeren. Studies 
om deze vragen te beantwoorden zĳ n in ontwikkeling.
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