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History of Immunosuppressive Therapy in Kidney Transplantation — Rationale for this thesis

  1

The early years of kidney transplantation

The first successful kidney transplantation was performed in 1954, by the 

team of Joseph E. Murray of Brigham Hospital in Boston, MA, USA [1]. It was 

a landmark event, and the first successful transfer of a whole organ from one 

human to another. The first patient transplanted, and also the approximately 20 

subsequent patients received a graft from their identical twin-sibling [1-3]. In 

these cases, immunosuppression was not needed to suppress the immunologi-

cal response of the recipients.

In 1959, the same team performed a transplantation in which the donor was 

a heterozygous twin brother of the recipient. In this case, prevention of acute 

rejection was established by whole body irradiation of the recipient. Bouts of 

suspected rejection were treated by repeat irradiation, and with a course of 

prednisone (60 mg) [4]. A similar approach was chosen contemporaneously by 

two French groups, all three approaches were deemed reasonably successful 

[5].

In 1962, again the group of Murray and JP Merrill reported on a 24-year-old 

patient with glomerulonephritis that received a graft from a cadaver donor. 

The donor was a 30-year old man that had just died after heart surgery in the 

same hospital [6]. Renal biopsy was performed a total of seven times in the 

first 6 months, and persistently showed signs of interstitial inflammation, inter-

preted as allo-graft rejection. Intravenous courses of actinomycin C and various 

regimens of steroids were prescribed. Fifteen months after transplantation, 

his glomerular filtration rate was around 9 ml/min/1.73m2, but the patient was 

able to go to work and remained free from dialysis. Though deemed ‘successful’ 

at that time such a result would be considered extremely poor from a modern 

point of view. In 1963, the survival statistics of kidney transplantation in general 

were extremely discouraging, with less than 5% of 176 transplantations surviving 

longer than one year [7].

Transplantation in those years, compared to now was hindered by very limited 

knowledge of donor-recipient immunologic compatibility, a scarcity of medical 

centers that performed transplantation and lack of potent immunosuppressive 

drugs.

The discovery of HLA and large-scale organization of trans-
plant programs

In the 1950’s, Dausset et al. discovered that serum of poly-transfused patients 

subjected to cultured leukocytes led to leuko-agglutination in vitro. This serum, 

injected into patients, resulted in deep leukopenia in the recipient. He con-
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cluded that not-natural (acquired) anti-leukocyte antibodies were present in 

these patients, and that these antibodies resulted from transfusion, and proved 

to be transferable [8]. He also described four pairs of identical twins, in which 

no ‘leucocidin-reactivity’ was found, leading him to speculate about the inherit-

ability of the factors responsible for allo-recognition [9].

Several other researchers, amongst which Jon van Rood from the Univer-

sity of Leiden, investigated the phenomenon of leukocyte agglutination by anti-

leukocyte-antibodies. When he and researchers from other parts of the world 

compared each other’s findings, they concluded that their various methods all 

pointed to the presence of a common antigen presented on white blood cells 

[10-13]. In a consensus meeting, this antigen was called human leukocyte anti-

gen A2 (the test by one of the researchers with which HLA-A2 was discovered 

was called ‘A2’ [13], and this researcher also used A1 for another test. Hence, 

the antigen was named HLA-A2, though it was the first antigen discovered). 

In subsequent years, more and more HLA-antigens were discovered. The 

relevance of HLA-typing for transplantation purposes was immediately clear, 

and HLA-typing recipients and donors permitted HLA-compatible matching 

with lower rates of rejection [14]. In later years, these insights on HLA helped 

transplant centers in Europe (Eurotransplant) to start registering HLA-data of 

potential organ recipients and (post-mortal) organ donors, and recruit donors 

from within their combined adherence areas. The Eurotransplant-region started 

with 3 countries, but later expanded to 5, and to now 8 countries in Europe. 

Similar initiatives were employed elsewhere in the USA (UNOS), Spain (ONT) 

and Australia (Donate-Life). Enlarging the donor pool by combining regions 

and even countries in one large adherence area facilitated matching, and was 

of particular advantage to immunized patients, that had developed anti-HLA 

antibodies from previous transplantations or pregnancy [15]. For instance, 

in the Eurotransplant-region, highly immunized patients that would rarely 

receive a donor offer in a small region could be transplanted within two years 

after listing in 85% of cases [16]. A second effect of organization of transplant 

centers inter-regionally and internationally is the increased volume of organ 

transplantation. As mentioned previously, organ transplantation was carried out 

only incidentally in the pioneer years. In 1988, about 10000 patients received 

either a heart, kidney, liver, lung or other whole organ in the USA. In 2021 (the 

second year of the worldwide COVID-19 pandemic) 22.917 patients received a 

kidney transplant alone [17]. In countries like South Korea [18], Japan [19] and 

Spain [20] the annual rate of transplantation rose considerably in the last 20 to 

30 years. Figure 1 provides information on the rise in volume of transplantations 

in the Netherlands.
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The use of immunosuppressive drugs in renal transplantation: 
the central role of calcineurin inhibitors

The first kidney recipients did not need immunosuppressive drugs because of 

their immunologic (twin) kinship to their donor. Patients with incompatible do-

nors received courses of either irradiation, short sources of steroids, high doses 

of azathioprine (up until 15 mg/kg until leukopenia ensued as a side effect before 

tapering) and actinomycin C [4-6]. Other methods included splenectomy and 

thymectomy prior to or concomitantly with graft implantation [21]. ‘Surgical’ im-

munosuppression and irradiation is not used anymore. No good scientific proof 

of efficacy has ever been gathered of such procedures.

In 1967, T-cell depletion as a means of ‘induction’-therapy was first described. 

The group of Starzl described a remarkably successful strategy containing of 

anti-human lymphocyte horse globulin, infused between 5 days before and 14 

days after transplantation [22]. Nineteen of 20 patients treated survived, and 

they all had much better graft function than historical controls and used less 

azathioprine and less prednisone. Lymphocyte depletion to induce tolerance, 

in contrast to surgical procedures has stood the test of time and is still used 

in transplantation nowadays, with an estimated 52% of patients receiving ATG 

(anti-thymocyte globulin) immediately before transplantation in France [23]. 

Figure 1

Kidney transplantations (KT) in the Netherlands between 1966 and 2024, showing in-

creasing volume, as well as rising age of recipients. Source: Dutch transplant Society 

(NTS).
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Alemtuzumab, an anti CD52-monoclonal antibody depleting lymphocytes is 

used for the same purpose [24].

Anxiety over the side-effects of T-cell depleting agents, including the cytokine 

release syndrome (CRS) and the enhanced risk of opportunistic infections and 

cancer stimulated the use of other ‘induction agents’, comprising the interleu-

kin-2 (IL2) pathway. Daclizumab and basiliximab both bind to the IL-2 receptor 

on activated T-lymphocytes, thereby hampering their proliferative capacity. 

Clinical trials with both agents resulted in a significant reduction of rejection 

and steroid-resistant rejection versus placebo [25-28]. Nowadays both strate-

gies are supported in international guidelines, with a slight advantage for T-cell 

depletion over Il2-R-blockade in preventing rejection in the first year [29, 30]. 

For highly immunized patients, both the FDA and EMA recently approved 

the use of imlifidase, an immunoglobulin G-degrading enzyme derived from 

streptococci. By eliminating donor-specific as well as all other IgG-antibodies, 

it creates a window of a few days in which a kidney graft can be transplanted 

without being immediately prone to humoral rejection [31].It remains to be seen 

how frequently this drug will be used, as it is extremely expensive and does not 

negate the need for other highly potent immunosuppressive drugs. 

A major breakthrough for maintenance immunosuppression occurred in 1978. 

Prior successful experiments in rodents, dogs and pigs comparing cyclosporin 

A (CyA) to azathioprine in various transplantation models convinced Calne et 

al. to try and use CyA in human renal transplantation with HLA-unmatched 

donors [32]. This was still a time before evidence-based medicine, and despite 

the lack of randomized (blinded) studies comparing CyA with the then estab-

lished drugs, it was swiftly introduced in solid organ transplantation. One of 

the disadvantages of early CyA was the fact that, due to interaction with food 

intake, biologic uptake varied from patient to patient, making it hard to find the 

optimal therapeutic threshold, and making patients prone to experience either 

rejection through suboptimal dosing, or sometimes to side-effects when uptake 

was better. The introduction of micro-emulsion Ciclosporin A (CsA) was an im-

provement [33]. This new formulation led to higher exposure measured either 

through trough levels or area-under-the-curve (AUC) monitoring, and also to 

reduced rejection rates in renal transplantation. [34, 35]. Soon, CsA replaced 

CyA for all transplantation-indications.
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At about the same time, tacrolimus (TAC) was introduced, first under the name 

FK506 [36, 37]. TAC is, like CsA an inhibitor of calcineurin in the cell-nucleus 

and thus provides a mechanism to counter the proliferation and cytokine-

production of T-lymphocytes. From the beginning, it was thought that TAC pro-

vided similar or enhanced immunosuppressive potential compared to CsA. This 

assumption was proven in multiple randomized controlled trials that compared 

TAC with CsA in kidney transplant recipients (KTR) with various background-

immunosuppressive regimens [38-40]. Biopsy-proven rejection was observed 

significantly less in TAC-treated patients (19.7%) than in those with CsA (33%). 

The same reduction was seen for steroid-resistant rejection (9.3% vs 19%) [38, 

39]. Follow-up reports on these trials also showed that graft-survival, renal 

function, lipid profile and blood pressure were all better in those on TAC [41-43].

Mycophenolic acid derivatives were introduced in transplantation in the middle 

of the 1990’s. Mycophenolate mofetil (MMF) gradually replaced azathioprine 

after a number of studies showed improved control of rejection [44, 45]. While 

this resulted in improved renal function, more patients experienced viral and 

other opportunistic infections. In the beginning of the twentieth century, yet an-

other class, namely inhibitors of the mammalian target of Rapamune-pathway 

(mTOR-i) were introduced. In comparison to MMF, their use is particularly 

associated with a decreased burden of infections without compromising on 

rejection [46]. On the other hand, everolimus (EVL), the most frequently used of 

this latest class, frequently leads to proteinuria and carries an enhanced risk of 

thrombo-embolisms [47, 48]. 

Figure 2 gives an overview of the timeline of introduction of immunosuppressive 

drugs in kidney transplantation. 

Figure 2.

Timeline of introduction of immunosuppressive drugs in kidney transplantation. ATG = 

anti-thymocyte globulin. MMF = Mycophenolate Mofetil. 
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Since introduction of all these drugs, multiple trials have been carried out to 

find the ‘perfect’ mix of immunosuppressive drugs. Since most trials are sup-

ported for one or two years after transplantation, the rate of (biopsy-proven) 

rejection, graft survival after 1 year and GFR are all well-studied endpoints stud-

ied in those trials. In terms of these endpoints, the publication of the landmark 

‘symphony’-trial in 2007 proved that the combination of low-dose TAC, MMF 

and prednisone was superior above combinations with either m-TOR-I and CsA 

[49]. In 2009, the KDIGO (kidney disease improving global outcome)-network 

summarized multiple strategies to guide transplant physicians in choosing 

an immunosuppressive regimen. Its recommendations are; 1) to use a form of 

induction therapy, 2) to use a calcineurin inhibitor combined with MMF or an 

m-TOR-I and 3) to use steroid-free regimens only for low-risk patients, and not 

after having given steroids for more than a week [50] A such, most centers use 

a combination of three immunosuppressive drugs (triple-therapy) triple therapy 

to avoid the side-effects of high doses of either drug, and to suppress multiple 

pathways of allo-recognition [51]. In fact, patients in over 90% of transplant cen-

ters are discharged with TAC, and a few others with CsA as the central immuno-

suppressive prescription in their regimen [52]. Figure 3 shows the drug regimen 

that patients use at discharge after transplantation in American hospitals. The 

reliance on TAC, and its replacement of CsA since introduction is clearly visible.

Side effects of CNI

The almost universal adherence to TAC and sometimes CsA means that almost 

all transplant patients are potentially subject to their side effects. These have 

been known ever since the introduction of CsA. They can be broadly categorized 

in cardiovascular side effects, the most striking of which is renal toxicity, which 

is thought to be primarily derived from intrarenal vasoconstriction [53], and 

non-cardiovascular side effects. These include opportunistic infections, hir-

sutism, neurotoxicity (posterior reversible encephalopathy syndrome, tremor), 

gingival hyperplasia and electrolyte disturbances including hyperkalemia.
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On CNI-associated nephrotoxicity Ojo et al. summarized in a landmark paper 

in 2003 the burden of chronic kidney disease (CKD) in non-renal transplant 

patients (NKSOT: non-kidney solid-organ-transplantation) [54]. Between 10% 

(heart) and 21% (intestine) of organ recipients developed renal failure (GFR 

below 30 ml/min) in five years. Since almost ‘all’ patients used a calcineurin 

inhibitor in that study, its influence on the risk of renal failure is impossible to 

extract. However, the changes seen in renal biopsies of patients developing 

renal disease after non-renal organ-transplantation resemble those that are 

associated with CNI-toxicity [55]. More recent studies have confirmed the 

high prevalence of CKD after NKSOT [56]. Other cardiovascular side-effects 

of CNI are hypertension, hyperglycemia, disturbed lipid metabolism and rarely 

thrombotic micro-angiopathy [57-60]. Diabetes after transplantation (PTDM) 

is a side effect particularly attributed to TAC more than to CsA [61]. Because 

age contributes vastly to cardiovascular risk, elder patients experiencing these 

side effects are at particular risk for cardiovascular events and mortality. Over 

the last thirty years the average age of the transplant recipient has increased, 

with now more than a third of eligible recipients being over 65 years of age. This, 

while patients over 50 were not likely to be even listed in 1980. Additional to vol-

ume, the rising age of the average KTR in the Netherlands is depicted in figure 

Figure 3.

Variation in discharge-immunosuppressive regimens in American transplant centres (pa-

tients use more than one drug at discharge). Source: Chronic Disease Research group 

(CDRG.org)
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1. Figure 4 shows the same for the USA, and information on diabetes prevalence 

is added. In the 50-64 age cohort and the 65+-cohort, diabetes prevalence is 45 

and 50% respectively. (data provided by the Chronic Disease Research Group 

(CDRG) and the Dutch Transplant Society (NTS) in 2025). 

With the rising age and comorbidities of the average transplant recipient, and 

the wide availability of CNI’s and T-cell depleting agents, the focus of the trans-

plant physician has broadened, from control of rejection to management of 

cardiovascular and infectious risk. Paradoxically, superior graft survival through 

use of CNI paradoxically leads to rise in the fraction of patients prone to develop 

cardiovascular disease and renal failure. With that in mind, the transplant com-

munity has been looking for strategies to minimize, antagonize or eliminate 

CNI-side effects ever since introduction [62-66]. Despite the relative success of 

some of these initiatives, the adherence to CNI’s has remained strong.

Belatacept as an alternative to CNI

Belatacept was the first co-stimulation blocker used in transplantation. The 

term co-signaling relates to the process that starts immediately after engag-

ing of the antigen-presenting cell (APC) to a T-cel-receptor (TCR), called 

‘signal 1’ [67]. The signal induced by this engagement, ‘signal 2’ can either be 

(co)-stimulatory, or (co)-inhibitory. Without co-signaling, the T-cell is rendered 

anergic. The Cytotoxic T-lymphocyte antigen number 4 (CTLA4) is genetically 

homologous to CD28, the most abundant co-stimulatory molecule on T-cells 

[68]. However, CTLA4-expression actually competes with CD28 for binding 

to its ligands CD80 and CD86 on APC’s, and the resultant binding leads to a 

(co)inhibitory effect [69]. Belatacept is a drug manufactured by combining the 

extracellular portion of CTLA4 with the Fc-tail of IgG1. By infusing it, it binds to 

T-cells and mimics its inhibitory effect, making organ transplantation an ideal 

application [70].
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Belatacept seemed a major breakthrough when first investigated in the BENE-

FIT-studies of the early second decade [71, 72]. It was both successful in provid-

ing excellent renal outcome and metabolic outcome compared to CsA, and at 

the same time disappointingly poor at preventing rejection. Despite a rejection 

rate of around 33%, GFR of those on belatacept was better than CsA-treated 

patients. Follow-up analysis of these trials proved that rejection was a problem 

mainly encountered in the first year after transplantation, while the superiority 

in terms of renal function was sustained [73, 74]. Other belatacept-trials cor-

roborated the findings of high rejection rates when started early and mostly 

improved renal function compared to both CsA and TAC [75-77]. The high initial 

rejection-rates have caused belatacept to not be implemented in guidelines, 

and not in broad clinical practice. Some centers though, including the Leiden 

University Medical Center have adopted belatacept as an option in case of 

side-effects, CNI-intolerability or biopsy proven histologic changes associated 

Figure 4

KT in the USA 1987-2024. The number of transplantations, as well as the age at which it 

is performed is rising, as well as diabetes-prevalence among recipients. The total number 

of transplantations in the cohort 1987-88 is multiplied by 2.5 (the actual number is 2.5 

times lower). A dotted line must make the reader aware of this adjustment, made to pro-

vide a fluent trend-line that is more in line with the increase in annual transplantations in 

that time-period. Source: Chronic Disease Research group (CDRG.org)
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with CNI-use. In such cases the introduction of belatacept, especially after slow 

waning of CNI has been reported with considerable success [78, 79]. Despite 

these examples, the necessity of having to administer the drug intravenously, an 

association with post-transplant-lymphoproliferative disorder, and decreased 

immunity after COVID-19 vaccination have in all likelihood further hampered 

broad use of belatacept in renal transplant practice [80-82].

Outline of thesis

Although belatacept has been registered to be used in renal transplantation for 

nearly fifteen years, its reception in clinical practice was always lukewarm. While 

nephrologists should be thrilled by the sometimes spectacular advantage that 

belatacept provides in GFR and graft-half-life [73, 83], most centers still prefer 

CNI. The work in this thesis aimed to increase clinical knowledge about the use 

of belatacept in kidney transplant recipients, in comparison to TAC and CsA.

We investigated the change in calculated cardiovascular risk induced by con-

version of a CNI-based immunosuppressive regimen to belatacept. For this 

purpose, we collaborated with researchers at Uppsala University hospital in 

Sweden, where a clinical calculator was developed that enables physicians to 

calculate the risk of a cardiovascular event in an individual KTR [84]. Further 

collaboration was sought with transplant centers in Denmark and Norway. The 

results of this international randomized trial are described in chapter 2.

In chapter 3, we performed FACS analysis of circulating monocytes and lym-

phocytes, to determine if cell populations associated with cardiovascular dis-

ease would differ in amount or type after conversion from CNI to belatacept. For 

this project we used samples derived from 40 Dutch patients that underwent 

conversion in the context of two trials, both of which had similar conversion 

protocols.

Belatacept is associated with EBV-driven PTLD, and with CMV-infection in 

KTR’s [85, 86]. Some authors suggest that infection-risk is elevated in belata-

cept-patients with poor renal function [87]. The increased risk of rejection 

suggests that belatacept is a relatively weak immunosuppressive drug, while its 

suppression of allo-antibody induction indicates the opposite [88]. Torque teno 

virus (TTV) is a virus upregulated in patients with hampered immunity, and is 

proposed to be a biomarker of immunologic strength. There are indications that 

its prevalence in blood corresponds to infection and rejection in transplant pa-

tients [89]. In chapter 4, we measured TTV-levels in patients converted in either 

of the previously mentioned trials before and after randomization, to compare 

belatacept’s influence on the immune system to that of CNI.
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In chapter 5, we tried to shed more light on the mechanism of vaso-toxic ef-

fects of CNI. Endothelial dysfunction ( ED) has long been implied in the patho-

genesis of calcineurin-inhibitor-associated nephrotoxicity. A closer look at 

the literature identifies CNI as sort of a double-edged sword. CNI can indeed 

be ‘nephrotoxic’ by inducing vasoconstriction in afferent endothelium through 

endothelin-1-mediated actions, but CNI’s are also the most potent drugs in 

preventing rejection-induced damage to the microvasculature. Furthermore, 

the doses at which nephrotoxicity is shown in (animal) literature does not often 

correlate to modern transplantation medicine. We sought to elucidate some of 

the mechanisms behind perceived ED, by comparing samples of KTR’s before 

and after conversion from CNI to belatacept and looking for differences in 

various biomarkers of ED. In this project, we further explored the use of a novel 

innovative tool that assesses endothelial function dubbed ‘cell painting’. This 

tool consists of a high-throughput high-content image-based assay to assess 

morphological responses of endothelial cells (EC) to external stimuli [90]. We 

tested both patient samples of patients randomized from CNI to belatacept, as 

well as dilution series of concentrations of both TAC and CsA to investigate the 

effect of CNI on endothelial function.

In chapter 6, a summary of the scientific results of this thesis is provided, as 

well as a discussion on current and future indications for belatacept.
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ABSTRACT 

Rationale & Objective: In kidney transplant recipients (KTRs), a belatacept-

based immunosuppressive regimen is associated with beneficial effects on car-

diovascular (CV) risk factors compared with calcineurin inhibitor (CNI)-based 

regimens. Our objective is to compare calculated CV risk between belatacept 

and CNI (predominantly tacrolimus) treatments using a validated model devel-

oped for KTRs.

Study Design: Prospective, randomized, open label, parallel group, investigator-

initiated, international multi-center trial.

Setting & Participants: KTRs aged 18–80 years with a stable graft function (es-

timated glomerular filtration rate [eGFR] >20 mL/min per 1.73 m2), 3–60 months 

post-transplantation treated with tacrolimus or Cyclosporine A were eligible for 

inclusion.

Intervention(s): Continuation with a CNI-based regimen or switch to belatacept 

for 12 months.

Outcomes: Comparison of the change in estimated 7-year risk of major adverse 

cardiovascular events (MACE) and all-cause mortality, changes in traditional 

markers of cardiovascular health, as well as measures of arterial stiffness. 

Results: In the 105 KTRs randomized, we found no differences between the 

treatment groups in predicted risk for MACE or mortality. Diastolic blood pres-

sure, measured both centrally by using a SphygmoCor® device and peripherally, 

was lower after belatacept treatment compared with CNI. The mean changes in 

traditional CV risk factors, including renal transplant function, were otherwise 

similar in both treatment groups. The belatacept group had four acute rejection 

episodes; two were severe rejections, of which one led to graft loss.

Limitations: heterogeneous baseline eGFR and time from transplantation to 

trial enrolment in the participants. Limited study duration of 1 year.

Conclusions: We found no effects on calculated CV risk by switching to be-

latacept treatment. Participants in the belatacept group had lower central 

and peripheral diastolic blood pressure, but also a higher rejection rate, in the 

belatacept group. 

Funding: The trial has received a financial grant from Bristol-Myers Squibb.
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INTRODUCTION

The risk of cardiovascular disease (CVD) in patients with renal failure is much 

higher than in the general population across all age groups 1, 2. While a success-

ful transplant reduces this risk significantly, kidney transplant recipients (KTRs) 

still have an annual cardiovascular (CV) event rate of 3.5–5% 3. Accordingly, CVD 

remains one of the leading causes of death in KTRs 4, 5. Managing a transplanted 

patient should therefore include CV risk reduction measures to improve both 

graft and patient outcomes. Current guidelines for prevention of CVD are based 

upon data from the general population and from studies specifically targeting 

CVD in KTRs 6. In addition to addressing traditional risk factors for CVD, such as 

lifestyle choices, hypertension, hyperlipidemia, and diabetes, KTRs present two 

potentially modifiable factors: renal graft function and type of immunosuppres-

sive maintenance regimen. 

First, evidence indicates that declining graft function and graft loss are poten-

tially modifiable risk factors for CVD and all-cause mortality in this population, 

which make strategies for optimizing graft function important 7, 8. Second, 

among immunosuppressive drugs used for transplantation, both steroids and 

calcineurin inhibitors (CNIs) are associated with adverse CV side effects 9. 

Therefore, attempts have been made to minimize or eliminate their use. While 

these have led to reasonably safe steroid-free regimens 10-12, CNIs are still the 

cornerstone of immunosuppression in modern solid organ transplantation. 

Early graft survival improved greatly after the introduction of cyclosporine (CsA) 

in the early 1980s 13, and tacrolimus (TAC) has been the CNI of choice since the 

1990s 14. Despite the benefits of CNIs in the early post-transplant period, they 

have dose-dependent side effects, including post-transplant diabetes mellitus 

(PTDM), hypertension, hypercholesterolemia, and nephrotoxicity, leading to 

progressive decline in renal graft function 15-19. Therefore, there is an ongoing 

incentive for development of novel immunosuppressive agents without the side 

effects of CNIs.

Belatacept, a modified form of CTLA4-Ig, binds to CD80 and CD86 on antigen 

presenting cells, thus blocking CD28 mediated co-stimulation of T-cells. The 

BENEFIT trials have shown promise for belatacept as an option in designing a 

more favorable immunosuppressive regimen 20-24. In brief, despite higher rates 

of early rejection, the relative risk of death or graft loss after 7 years was re-

duced by 43% in patients treated with belatacept versus CsA-treated patients, 

and eGFR in the belatacept-group was on average 22 ml/min/1.73m2 higher 

than in the CsA-group. Furthermore, in a meta-analysis comparing belatacept 
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with CNIs, treatment with belatacept was associated with lower blood pressure, 

lower incidence of diabetes and a more favorable lipid profile 25. 

However, it is not yet proven whether these findings translate into overall CVD 

reduction. Soveri et al. have previously developed a risk calculator for CVD and 

all-cause mortality for use in KTRs 26. The group later used the data of the BEN-

EFIT and BENEFIT-EXT trials to calculate the potential benefit associated with 

belatacept treatment and found a substantial calculated 7-year risk reduction 

for major adverse cardiac endpoints (MACE) and mortality by converting from 

CsA to belatacept 27. 

A shortcoming of belatacept that has hindered its implementation in kidney 

transplantation has been the relatively high rate of early rejection, as well as the 

lack of studies comparing its efficacy with low-dose TAC, the current standard 

of care in KTRs. In the present study, our aim was to investigate 1) the effects 

of conversion from a low-dose CNI-based therapy to belatacept on estimated 

risk of CVD and all-cause mortality by using the aforementioned risk calculator 

developed by Soveri et al., validated for use in KTRSs 26, 27, and 2) the changes 

in traditional markers of cardiovascular health, as well as measures of arterial 

stiffness. 

METHODS

Study design

This was a prospective, randomized, open label, parallel group, investigator-ini-

tiated, international multi-center trial (EudraCT no. 2013-001178-20). Patients 

were randomized in 1:1 ratio to either continue treatment with a CNI-based 

regimen or to switch to belatacept for a study duration of 12 months. An open 

design was chosen since CNIs were given as tablets daily and belatacept was 

administered as infusion every four weeks. 

Patients were recruited from 9 transplant centers in Denmark, the Netherlands, 

Norway, and Sweden. KTRs aged 18–80 years with a stable graft function (esti-

mated glomerular filtration rate [eGFR] >20 mL/min per 1.73 m2), 3–60 months 

post-transplantation treated with TAC or CsA were eligible for inclusion. 

Patients were excluded if they were Epstein-Barr virus (EBV) IgG seronega-

tive, had severe de novo or recurrent renal disease, had a history of vascular or 

antibody-mediated rejection in the present transplant or had a history of recent 

malignancy. 
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The study was approved by the local ethics committees. Written informed con-

sent was obtained from all patients, and the trial was performed in accordance 

with the Declaration of Helsinki and the principles of Good Clinical Practice. 

Study medication 

For patients randomized to the study arm with belatacept, the previous CNI 

treatment (TAC or CsA) was tapered in the initial period as follows: 100% on day 

1, to 70-80% on day 7, to 40-60% on day 15, 20-30% on day 23 and none on day 

29 and beyond. Belatacept was dosed 5 mg/kg IV on day 1, 15, 29, 43, 57 and 

then every month thereafter in the 12-month study period (Figure 1). Patients 

randomized to the control group with continuation of CNI treatment were to 

maintain trough levels of CsA between 75 and 200 ng/ml and TAC between 5 

and 10 ng/ml. Both groups were to continue their underlying immunosuppres-

sive regimen, consisting of mycophenolate mofetil (MMF) or mammalian target 

of rapamycin inhibitor and corticosteroids. Any other concomitant medication 

necessary to maintain the patients’ baseline condition or to treat a coexisting 

disease was permitted. Control of blood pressure, glucose and lipid parameters 

was left to the treating physicians, according to local practice.

Figure 1. Conversion and dosing scheme
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Efficacy assessment and procedures

The primary endpoint of this trial was estimated CV risk using a prediction 

model developed for KTRs by Soveri et al. 26, 27. The prediction model was con-

structed based on the Assessment of Lescol in Renal Transplantation (ALERT) 

extension trial data 28, and later validated with the Patient Outcomes in Renal 

Transplantation (PORT) clinical database 29.

The estimated 7-year risk of MACE and all-cause mortality in the two treatment 

groups were calculated as a linear combination of the following variables: age, 

previous coronary heart disease, previous smoker, current smoker, creatinine, 

diabetes mellitus, low-density lipoprotein (LDL), number of transplants and 

total time on renal replacement therapy (Figure 2). Secondary endpoints were 

arterial stiffness, traditional CVD risk factors in KTRs (blood pressure, lipid 

profiles and eGFR), acute rejections, allograft loss, CV events and patient sur-

vival. Blood samples were drawn at a fasting state in the morning at baseline 

and at end of study visits for measurement of renal function and CV biomarkers: 

creatinine, high-sensitivity C-reactive protein (hs-CRP), total cholesterol, high-

density lipoprotein cholesterol (HDL-cholesterol), LDL cholesterol, triglycerides, 

apolipoprotein B (ApoB) and apolipoprotein A1 (ApoA1). Arterial stiffness was 

assessed at the same time points by measuring central pulse pressure, pulse 

wave velocity and augmentation index using the SphygmoCor® method 30.

Figure 2. Cardiovascular risk calculator for kidney transplant recipients (Soveri et al., 

2012).

List of variables used in the cardiovascular risk calculator. *Includes post-transplant dia-

betes mellitus. RRT = renal replacement therapy (including dialysis and transplantation)
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Sample size and randomization

We performed a power calculation hypothesizing that the intervention arm 

would decrease the risk of MACE by 30%. We came to that estimate by extrapo-

lation of the reduction in calculated risk in the previously mentioned paper by 

Soveri et al.27; the calculated risk of MACE for BENEFIT-patients decreased by 

31.2% (from 14.3% to 10.9%), and for mortality by 40% (17.5% to 12.5%). The corre-

sponding risk reduction for BENEFIT-EXT-patients was 27.8% (22.5 to17.6%) and 

22.6% (30.9% to 25.2%). For a two-sample t-test on a two-sided significance 

level of 0.05, assuming a standard deviation of 0.64 (on the natural logarithmic 

scale), a sample size of 51 per group was required to obtain a power of 0.8 (80%) 

to detect a 30% calculated risk reduction in MACE. The ANCOVA model was ex-

pected to have slightly greater power than the two-sample t-test, and therefore 

a sample size of 102 patients was seen as sufficient for this study. To account for 

8% drop-out, a total of 110 patients, 55 per treatment arm were included in the 

study. Randomization to treatment arm was performed using a computerized 

procedure, stratified by center, in a 1:1 ratio.

Statistical analysis

Due to a skewed distribution, the primary variable (estimated risk for MACE and 

morality) was log-transformed (natural logarithm). The primary endpoint was 

the comparison of the log of estimated MACE and mortality risk between treat-

ment groups (CNI- vs. belatacept-based immunosuppression) at one year. For 

patients who discontinued the study before one year, the last available estimate 

of CV risk was used in the analysis of the intention-to-treat (ITT) population. 

The primary analysis on the primary endpoint was performed using analysis of 

covariance (ANCOVA) with treatment as a group variable and baseline log risk 

for MACE and mortality and center as covariates. All other comparisons on 

primary and secondary endpoints were based on ITT comparisons of treatment 

groups using two-sample t-test, or ANCOVA with correction for baseline vari-

ables and/or center. A two-sided P value of <0.05 was considered statistically 

significant. Analyses were performed using SAS® version 9.4 (SAS Institute, 

Cary, NC).

RESULTS

Study participants and characteristics

A total of 112 patients from 9 centres signed the patient informed consent form. 

Of these, one patient was a screen failure (history of rejection) and was never 
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randomized. Of the 111 randomized patients, 6 withdrew consent before any 

study drug was given, 4 in the belatacept arm and 2 in the CNI arm. 

Thus, 105 patients were administered study medication: 54 in the belatacept 

arm and 51 in the CNI arm (defining our ITT population). In the belatacept-arm 5 

patients were withdrawn from the study; 3 due to adverse events (AEs), 1 with-

drew consent and 1 moved out of the country. Similarly, there were 2 withdrawals 

in the CNI arm; 1 due to AE and 1 withdrew consent. The remaining 49 patients in 

each treatment arm were defined as the per protocol (PP) population (Figure 3). 

As the difference between the PP population and the ITT population was quite 

small, we did not perform PP analyses to avoid the risk of type I error caused by 

multiple comparisons. The first patient was enrolled September 18th, 2014, and 

the last patient completed the study on September 13th, 2018. Baseline demo-

graphic data and clinical characteristics for each group are presented in Table 1.

Figure 3. Study flow chart.

Table 1. Baseline demographics and clinical characteristics (ITT population).

Belatacept arm 

(n=54)

CNI arm 

(n=51)

Female 13 (24%) 13 (25%)

Age, years 55.0 (15.2) 54.2 (13.8)

BMI, kg/m2 26.1 (4.1) 27.1 (4.1)

Renal replacement therapy

Number of transplantations 1 (1 - 2) 1 (1 - 2)

Time since last transplantation, months 25.3 (3.7 - 59.6) 23.4 (3.1 - 58.8)

Total time on renal replacement therapy, months 35.6 (12.1 – 489.5) 36.8 (5.3 - 220.8)

Prior immunosuppressive therapy

Tacrolimus 53 (98%) 48 (94%)

Cyclosporine 1 (2%) 3 (6%)

Steroids 50 (93%) 50 (98%)

Mycophenolate 50 (93%) 47 (92%)

mTOR inhibitor 3 (6%) 1 (2%)
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Table 1. Baseline demographics and clinical characteristics (ITT population). (continued)

Belatacept arm 

(n=54)

CNI arm 

(n=51)

Baseline immunosuppression trough levels

Tacrolimus 5.8 (1.7) 5.7 (1.7)

Cyclosporine 94 (4.8) 89 (5.1)

Cardiovascular medication

ACE-inhibitors / angiotensin II antagonists 39 (72%) 29 (57%)

Calcium channel blockers 34 (63%) 39 (77%)

Diuretics 16 (30%) 15 (30%)α-adrenoceptor antagonists 11 (20%) 7 (14%)β-adrenoceptor antagonists 29 (54%) 27 (53%)

Nitrate 1 (2%) 3 (6%)

Statins 27 (50%) 32 (63%)

Diabetes mellitus 12 (22%) 7 (14%)

Hypertension 30 (56%) 33 (65%)

Systolic blood pressure, mmHg 137 (17.2) 133 (18.4)

Diastolic blood pressure, mmHg 84 (9.7) 81 (11.2)

Smoking habits

Non-smoker 29 (54%) 21 (41%)

Current smoker 6 (11%) 8 (16%)

Previous smoker 19 (35%) 22 (43%)

Cardiovascular disease

Peripheral vascular disease 8 (15%) 7 (14%)

Previous heart failure 2 (4%) 3 (6%)

Previous coronary heart disease 4 (7%) 6 (12%)

Previous cerebrovascular disease 2 (4%) 4 (8%)

Plasma creatinine, μmol/L 135 (35.7) 125 (42.6)

eGFR (mL/min/1.73 m2) 49.4 (14.8) 56.6 (19.1)

hs-CRP, mg/L 3.1 (4.1) 2.8 (2.8)

Plasma glucose, mmol/L 6.2 (1.8) 5.9 (1.7)

Total cholesterol, mmol/L 5.0 (1.0) 5.1 (1.0)

HDL-cholesterol, mmol/L 1.5 (0.5) 1.6 (0.6)

LDL-cholesterol, mmol/L 2.7 (0.9) 2.7 (0.9)

Triglycerides, mmol/L 1.9 (0.9) 1.9 (0.9)

Apolipoprotein B, g/L 1.0 (0.4) 1.0 (0.3)

Apolipoprotein A1, g/L 1.4 (0.3) 1.5 (0.4)

Data are presented as number (percentage) for categorical data, as mean value (stan-

dard deviation) for continuous variables and as median (min - max) for renal replacement 

therapy.



38

Chapter 2

Estimated risk of MACE and mortality

The primary endpoint was the estimated 7-year risk of MACE and all-cause 

mortality per the risk calculator developed by Soveri et al. (Figure 2). After 12 

months of treatment, there was no statistically significant difference between 

the treatment groups in terms of change in predicted risk, neither for MACE nor 

for mortality (Table 2).

In the belatacept-arm, mean (SD) estimated 7-year risk of MACE at baseline was 

0.15 (0.13), and it remained unchanged after 1 year to 0.15 (0.15). Similarly, the 

risk estimation for the CNI continuation arm was 0.14 (0.14) at baseline and 0.15 

(0.15) after 1 year. After applying the ANCOVA models and adjusting for hospital 

centres, the log mean risk prediction decreased by 2.31 (95% CI: 2.23, 2.40) for 

the belatacept-group, and 2.25 (95% CI: 2.16, 2.33) for the CNI group. The differ-

ence between interventions in log mean risk prediction for MACE was 0.06 (95% 

CI: -0.04, 0.16).

The estimated 7-year mortality risk in the belatacept-arm at baseline was 0.21 

(0.19), which increased non-significantly to 0.23 (0.20) after 1 year. Correspond-

ingly for the CNI continuation arm, the predicted risk of mortality was 0.19 (0.18) 

at baseline and increased non-significantly to 0.21 (0.19) after 1 year. After ap-

plying the ANCOVA models and adjusting for hospital centres, the log mean risk 

prediction decreased by 1.94 (95% CI: 1.91, 1.96) for the belatacept-group, and 

1.92 (95% CI: 1.90, 1.94) for the CNI group. The difference between interventions 

in log mean risk prediction for mortality was 0.02 (95% CI: -0.01, 0.05). An over-

view of the variables used in the risk calculation is presented in Table 3.

Table 2. Estimated 7-year risk of MACE and mortality

Belatacept arm CNI arm Difference

Baseline End of study Baseline End of study

MACE Mean (SD) 0.15 (0.13) 0.15 (0.15) 0.14 (0.14) 0.15 (0.15)

Log mean risk change 

[95% CI]

-2.31 [-2.40, -2.23] -2.25 [-2.33, -2.16] 0.06 [-0.04, 0.16]

Mortality Mean (SD) 0.21 (0.19) 0.23 (0.20) 0.19 (0.18) 0.21 (0.19)

Log mean risk change 

[95% CI]

-1.94 [-1.96, -1.91] -1.92 [-1.94, -1.90] 0.02 [-0.01, 0.05]

MACE = major adverse cardiac event. CI = confidence interval
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Subgroup analysis was also performed to investigate whether time since 

transplantation influenced the results in risk calculation. Treatment arms were 

divided upon the median time after transplantation, thus creating an early and 

late group (before and after 26 months). There was no difference between be-

latacept and CNI in calculated risk of MACE (p = 0.33) and mortality (p = 0.56) in 

the subgroups.

Traditional CVD risk factors

The changes in traditional CV biomarkers from baseline to end of study are 

presented in Table 4. The mean changes were similar between the treatment 

groups, except for a significant difference in diastolic blood pressure, with lower 

levels after belatacept treatment compared with CNI. Systolic blood pressure 

showed a similar reduction, but the difference was not statistically significant.

Arterial stiffness

Arterial stiffness was measured at baseline and at end of study using the Sphyg-

moCor® method. Compared with the CNI group, central diastolic pressure in 

patients of the belatacept group decreased by 6.55 mmHg (95%CI: 1.83, 11.27; p 

= 0.01) after one year of treatment. For central systolic pressures, the difference 

of 6.1 mmHg between study groups (95% CI: -0.11, 12.34; p = 0.05) was borderline 

Table 3. Overview of variables composing estimated cardiovascular risk.

Belatacept arm CNI arm

Risk calculator 

composite

Variable Baseline End of 

study

Baseline End of 

study

Common for 

MACE and mor-

tality

Age, years 54.5 (15.2) 55.5 (15.2) 53.8 (13.7) 54.8 (13.7)

Creatinine, μmol/L 135.1 (35.7) 132.2 (44.1) 124.7 (42.6) 119.1 (38.4)

Diabetes mellitus 12 (22.2%) 12 (22.2%) 7 (13.7%) 7 (13.7%)

Coronary HD 4 (7.4%) 4 (7.4%) 6 (11.8%) 6 (11.8%)

Current smoker 6 (11.1%) 6 (11.1%) 8 (15.7%) 8 (15.7%)

Previous smoker 19 (35.2%) 19 (35.2%) 22 (43.1%) 22 (43.1%)

MACE only LDL-cholesterol, 

mmol/L

2.7 (0.9) 2.6 (1.0) 2.7 (0.9) 2.6 (0.8)

Number of transplants: 

1

51 (94.4%) 51 (94.4%) 48 (94.1%) 48 (94.1%)

Number of transplants: 

2

3 (5.6%) 3 (5.6%) 3 (5.9%) 3 (5.9%)

Mortality only Total time RRT, months 51.4 (69.5) 62.9 (69.6) 45.1 (37.0) 56.9 (37.0)

Data are presented as number (percentage) for categorical data and mean value (stan-

dard deviation) for continuous variables. HD = Heart Disease. MACE = major adverse car-

diac event. RRT = renal replacement therapy.
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significant. There were no differences between the treatment arms in central 

pulse pressure, pulse wave velocity and augmentation index (Table 5). 

Cardiovascular events and patient survival

During the one-year study period, there were no cardiovascular events observed 

(including cardiovascular death, non-fatal myocardial infarction, non-fatal 

stroke, hospitalization due to congestive heart failure or angina pectoris, or 

coronary intervention) or deaths in the study population.

Table 5. Change from baseline in arterial stiffness variables.

Risk factor Belatacept arm CNI arm Difference p-value

Augmentation Index, % -1.26 (-4.51, 1.99) 1.04 (-2.41, 4.48) -2.30 (-6.96, 2.37) 0.33

Pulse Wave Velocity, cm/sec -0.44 (-1.02, 

0.13)

0.1 (-0.88, 1.08) -0.54 (-1.67, 0.58) 0.34

Central systolic pressure, 

mmHg

-4.45 (-9.09, 

0.18) 

1.65 (-2.63, 5.94) -6.1 (-12.33, 0.11) 0.05

Central diastolic pressure, 

mmHg

-3.72 (-7.41, 

-0.02)

2.83 (-0.17, 5.84) -6.55 (-11.24, 

-1.86)

0.01

Table 4. Change from baseline for traditional CVD risk factors.

Risk factor Belatacept arm CNI arm Difference p-value

Systolic BP, mmHg -3.3 (-9.18, 2.68) 2.9 (-1.18, 6.97) -6.2 (-13.26, 0.97) 0.09

Diastolic BP, mmHg -2.6 (-5.38, 0.19) 2.8 (-0.24, 5.88) -5.4 (-9.50, -1.33) 0.01

hs-CRP, mg/L 4.64 (-0.94, 

10.23)

0.81 (-0.56, 2.18) 3.83 (-1.90, 9.57) 0.19

Plasma glucose, mmol/L 0.04 (-0.68, 

0.77)

-0.06 (-0.65, 

0.54)

0.1 (-0.83, 1.03) 0.83

eGFR, mL/min/1.73 m2 1.40 (-0.81, 3.60) 0.73 (-1.50, 2.95) 0.67 (-2.42, 3.76) 0.67

Total cholesterol, 

mmol/L

0.22 (-0.55, 

0.98)

-0.09 (-0.31, 

0.14)

0.3 (-0.49, 1.10) 0.45

HDL-cholesterol, 

mmol/L

-0.10 (-0.18, 

-0.03)

-0.02 (-0.09, 

0.05)

-0.09 (-0.19, 0.01) 0.08

LDL-cholesterol, 

mmol/L

-0.10 (-0.31, 0.11) -0.05 (-0.22, 

0.13)

-0.05 (-0.32, 0.22) 0.71

Triglycerides, mmol/L -0.06 (-0.29, 

0.17)

-0.05 (-0.25, 

0.14)

-0.01(-0.31, 0.29) 0.96

Apolipoprotein B, g/L -0.09 (-0.18, 

-0.00)

-0.06 (-0.13, 

0.01)

-0.03 (-0.14, 0.08) 0.59

Apolipoprotein A1, g/L 0.02 (-0.07, 0.10) 0.01 (-0.08, 

0.09)

0.01 (-0.11, 0.13) 0.88

Presented as mean (95% CI). BP = blood pressure. hs-CRP = high-sensitivity C-reactive 

protein. eGFR = estimated glomerular filtration rate. P-value results from two-sample t-

tests.
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Safety evaluation

All patients in both study groups reported at least one AE during the duration 

of the study (Table 6). The majority of the events were of mild severity and 

considered unrelated to study drug. More patients in the belatacept-group 

(53.7% vs 21.6%) reported AEs that were considered possibly or probably related 

to the intervention. Three patients in the belatacept-group and one patient in 

the CNI continuation group reported AEs that led to withdrawal from the study. 

Serious Adverse Events (SAEs) were reported by 29.6% of the patients in the 

belatacept-group compared with 15.7% in the CNI group. Patients allocated to 

the belatacept-group had more infections (Table 7). There was 1 case of incident 

cancer (lung cancer), which occurred in the belatacept-group.

During the study, 8 acute rejection episodes were suspected, and graft biopsies 

were obtained for further investigation. Acute rejection was confirmed in 4 of 

the 7 suspected cases in the belatacept-group, and in the single case in the 

CNI group. Three of the rejection episodes were considered severe (Banff grade 

IIA or higher): two in the belatacept-group and in the CNI-treated patient. One 

patient (belatacept) proved refractory despite anti-rejection treatment with 

methylprednisolone and T-cell depleting antibody. All other rejection episodes 

recovered upon treatment with corticosteroids or anti-thymocyte globulin as 

per local practices. 

Table 5. Change from baseline in arterial stiffness variables. (continued)

Risk factor Belatacept arm CNI arm Difference p-value

Central pulse pressure, mmHg -0.60 (-4.03, 

2.83)

-0.37 (-3.51, 

2.77)

-0.23 (-4.81, 4.35) 0.92

Presented as mean (95% CI). P-value results from two-sample t-tests.
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Table 7. Adverse events reported by ≥5% of patients in either treatment group given as 

incidence rates in number (percentage)

Event Belatacept arm (n=54) CNI arm (n=51)

Urinary tract infection 19 (35%) 4 (8%)

Pyrexia 17 (32%) 1 (2%)

Abdominal pain/discomfort 10 (19%) 1 (2%)

Nasopharyngitis 10 (19%) 8 (16%)

Respiratory tract infection 8 (15%) 5 (10%)

Coughing 8 (15%) 1 (2%)

Oedema 5 (9%) 3 (6%)

Diarrhoea 5 (9%) 2 (4%)

Anaemia 5 (9%) 1 (2%)

Fatigue 4 (7%) 1 (2%)

Headache 4 (7%) 1 (2%)

Dizziness 4 (7%) 0

Arthralgia 2 (4%) 3 (6%)

Gastroenteritis 1 (2%) 3 (6%)

Nausea 3 (6%) 1 (2%)

Herpes zoster 3 (6%) 1 (2%)

Myalgia 3 (6%) 1 (2%)

Aphthous ulcer 3 (6%) 0

Table 6. Number and proportion of patients with adverse events

Belatacept arm CNI arm

n % n %

Any adverse event 54 100 51 100

1 adverse event 10 18.5 21 41.2

>1 adverse events 44 81.5 30 58.8

Any possibly or probably intervention-related 

adverse events

29 53.7 11 21.6

Adverse events leading to withdrawal 3 5.6 1 2.0

Serious adverse events 16 29.6 8 15.7

- suspected acute rejection 7 13.0 1 2.0

- biopsy-proven acute rejection 4 7.4 1 2.0

- graft loss due to acute rejection 1 1.9 0 -

- cancer 1 1.9 0 -
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DISCUSSION

In this randomized study, where stable renal transplant patients were converted 

from a CNI-based maintenance immunosuppressive regimen to belatacept, 

no difference in calculated 7-year risk of MACE or all-cause mortality could 

be demonstrated after 1 year of follow-up. We were unable to find a significant 

effect on any of the three modifiable cardiovascular risk factors which were 

used as input-variables in the risk calculator (serum LDL-cholesterol, diabetes-

prevalence, and serum creatinine). The belatacept arm had significantly lower 

diastolic blood pressure, measured both centrally (SphygmoCor® method) and 

peripherally. We found a similar improvement for systolic pressure (Table 4), but 

this difference was not statistically significant (p = 0.09).

Of the three modifiable risk factors in the calculator, we had expected a signifi-

cant change in eGFR in the intervention arm. Our findings are in contrast to the 

BENEFIT studies, as well as other belatacept conversion studies reported in the 

literature 24, 31-33. In those studies, there was a consistent improvement in graft 

function by converting to belatacept. One possible explanation for this was the 

predominant use of TAC by our study participants with relatively low trough lev-

els (Table 1) at baseline. In the Symphony trial 34, the low-dose TAC group had an 

average trough-level of 6.7 ng/ml one year after transplantation and achieved an 

eGFR on average 5.7 ml/min/1.73m2 higher than the other 3 comparator groups. 

A belatacept conversion study by Grinyo et al. 35 examined 173 patients with a 

mean time after transplantation to randomization of 19 months, baseline eGFR 

of 54 ml/min/1.73m2, and a low immunologic risk profile, making the population 

reasonably comparable to ours. Belatacept patients in that study showed an 

average improvement in eGFR of 4.9 ml/m/1.73m2 compared to CNI-patients. 

At baseline, patients using TAC (56%) had an average trough level of 7.2 ng/ml, 

while patients on CsA (44%) had an average trough level of 160.2 ng/ml. In our 

study, the mean trough levels of TAC (5.7 ng/ml) and CsA (91 ng/ml, 4 patients 

only) at the time of randomization were lower compared to both these studies 
34, 35. The lower CNI trough levels may have already significantly decreased the 

nephrotoxic side-effects and explain why our belatacept patients only experi-

enced a non-significant gain in eGFR of 0.7 ml/m/1.73m2. However, this hypoth-

esis is not supported by Budde et al. in a recent study that used a very similar 

design to ours 36. Their results showed an average TAC trough level of 6.27 mg/l 

and 5.82 mg/l respectively at baseline and after one year in the control arm. 

The average difference in eGFR between belatacept and TAC at that point was 

already 6.8 ml/min, contrary to our findings. Of note, patients in our study with 

BPAR had a decrease in eGFR of 2.7 ml/min, compared to a rise of 1.1 ml/min in 

the others. The low number of events precludes any meaningful interpretation 
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of these data, and the general lack of improvement in eGFR cannot be explained 

hereby. 

The second element of the calculator is diabetes status. Multiple studies have 

corroborated the diabetogenicity of TAC in transplantation 37-39. Furthermore, 

reversibility of beta cell dysfunction and of PTDM after TAC-withdrawal has 

been established in both animal studies and in clinical experience 40-43. Thus, we 

expected to improve glycaemic metabolism in converting from TAC to belata-

cept. However, no subject in our study reversed diabetes mellitus or developed 

PTDM in either study arm (Table 3). Also, triglycerides, serum ApoB, and serum 

ApoA1 did not improve (Table 4), which is of interest, since all three of these 

parameters are mentioned as risk factors for developing PTDM 44, 45.

Expectations regarding the effect on lipid profile, the third element in the cal-

culator, were limited. While CsA has been implicated in dyslipidaemia 46, TAC 

seems to be less detrimental to lipid status. In our study, 94% of the participants 

were on TAC before randomization. Ferguson et al. 47 compared three steroid-

avoiding regimens of immunosuppression: belatacept with MMF vs belatacept 

with sirolimus vs TAC with MMF. Both belatacept-arms had lower LDL (23.9 

mg/ml and 25.0 mg/ml vs 34.0 mg/ml for TAC with MMF) after one year, but 

the difference was non-significant, possibly related to the limited sample-size 

of the study. Another observational study focusing on the metabolic effects of 

conversion from TAC to belatacept found improvement in GFR and acid-base 

status, but not in blood lipids 48. Our findings are in line with these reports, as we 

found no effect on LDL-cholesterol (Table 3).

In trying to explain the lack of significant improvement of CV-risk, we need to 

consider another bias besides the low CNI trough levels. Patients were already 

treated with CNI for a median of 26 months since transplantation. Serious 

negative side effects of CNI-treatment could be less likely found in the control 

group, as patients suffering from these side effects could have been converted 

to alternative immunosuppression earlier on and thus not be eligible for this 

study. The only positive effect that we found for belatacept was a significant 

improvement in diastolic blood pressure, measured both centrally (Sphygmo-

Cor® method) and peripherally. For systolic pressure, a similar improvement 

was found (Table 4), but it was not statistically significant (p = 0.09), most likely 

due to the relatively small sample size of this study. Calcineurin inhibitors (CNI) 

are known as potent vasoconstrictors and contribute to post-transplant hyper-

tension 49. A previous study comparing belatacept and CsA on central aortic 

blood pressure and arterial stiffness after renal transplantation has shown no 

differences in blood pressure, both centrally and peripherally, in the two groups 
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50. However, the study was also hampered by a low sample size and may have 

lacked the power to detect significant differences. Although not included in the 

calculator, blood pressure is of course an established risk factor for cardiovas-

cular disease. Moreover, high blood pressure is strongly associated with risk of 

graft failure and finding an improvement in this parameter could still indicate an 

advantage for belatacept-treatment 51. 

Regarding safety, AEs occurred in both groups, but SAEs were reported almost 

twice as often in belatacept-treated patients (29.6% vs 15.7%), and these were 

more likely to discontinue their study treatment than patients treated with CNI 

(5.6% vs 2.0%). Rejection was seen more often in the belatacept-patients. Four 

episodes of biopsy-proven acute rejections (BPAR) occurred in the belatacept-

group vs one single episode in the CNI-group (7.4% vs 2.0%). Three patients 

showed signs of vascular inflammation in the biopsy, corresponding to Banff 

grade II, two of which were in the belatacept-group. All three patients were 

treated according to local protocol with high-dose steroids and T-cell depleting 

antibodies, despite which one belatacept-patient suffered graft loss and re-

initiated dialysis treatment. The other two recovered with anti-rejection treat-

ment. The median number of days between transplantation and randomization 

was 225 in those on belatacept with BPAR, while no rejection was seen in any 

patient after 1 year after transplantation (mean 818 days after transplantation 

for those without BPAR). This trend of rejection after early conversion corrobo-

rates the findings by Budde et al., in which all belatacept-rejections was seen 

within 1 year of transplantation 36.

The rate of rejection in this study is in line with earlier reports. For example, in 

the trial by Grinyo et al. 35, 7.1% of belatacept-patients experienced rejection 

versus none in the CNI-group. In another trial by Adams et al. 52, 1-year rejection 

rates were around 50% when belatacept was used right after transplantation, 

declining to 33% when TAC was tapered off 3-5 months after transplantation. 

When TAC was tapered after 11 months, the rejection rates between TAC- and 

belatacept-treated patients were similar, around 16%. Other reports have 

described varying (0-11%) rates of rejection, but these are data from non-ran-

domized ‘rescue’-settings after even longer time post-transplantation and are 

therefore comparable with our results 53, 54. 

Beside rejection, urinary tract infections (UTIs), nasopharyngitis and other respi-

ratory tract infections (RTIs) were more often seen in the belatacept arm (Table 

7). The present study’s planned visits could have led to a bias in the reporting 

of uncomplicated infections, since a study visit was planned every month for 

belatacept-patients, instead of every 3 months for the CNI-continuation group.
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Not a single case of pneumocystis-jirovecii pneumonia, cytomegalovirus- (CMV), 

polyoma- or EBV-associated disease was seen in the belatacept-patients. Three 

cases of CMV-infection were seen in CNI-patients. Previous reports have been 

inconclusive on opportunistic infections (OPIs) in belatacept-treatment. The 

follow-up study to the first belatacept-conversion trial noted a slightly higher 

incidence of viral infection (11% vs 14%) 35. In a recent study by Bertrand et al., 50 

OPI’s were noted in 453 patients treated with belatacept (9.8%) 55. In a multivari-

ate analysis of that study, the authors concluded that patients with low GFR (<25 

ml/min) and patients converted early after transplantation (within six months) 

were more likely to develop OPIs. 

There was one case of lung cancer in the belatacept group in the present study. 

Previous studies have not indicated a higher risk of malignancy in belatacept 

beyond post-transplant-lymphoproliferative disorder 24, 35. 

A major strength of the current study is the international multicentre approach, 

making it representative for European transplantation practice. However, this 

study also has important limitations which must be considered. The study dura-

tion of 1 year was most likely too short to reveal a significant difference in renal 

function between the two study groups. We have overestimated the potential 

reduction in MACE and mortality for patients that use low-dose TAC instead of 

CsA. Another limitation was the heterogeneous time from transplantation to 

trial enrolment, and the small number of patients on CsA and the relatively large 

span of eGFR at baseline also contributed to the heterogeneity. Patients with 

severely diminished graft function were less likely to benefit from conversion. 

In conclusion, we have shown no effect on calculated CV risk or renal function in 

this study comparing conversion to belatacept with continuation of CNI-based 

immunosuppression. We did show a significant difference in diastolic blood 

pressure. We re-confirmed the increased chance of rejection when convert-

ing to belatacept. After more than 10 years of clinical experience, the place of 

belatacept in kidney transplantation is still not fully established, but it may be 

an attractive option when patients suffer from significant side effects of CNI, 

like nephrotoxicity or PTDM. However, it is hard to define a significant benefit 

of belatacept for patients that are doing well on low-dose TAC-based therapy 

without severe CNI-related side-effects. Further studies are needed to define 

the place of belatacept in kidney transplantation.
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ABSTRACT:

Belatacept, a modified form of CTLA-Ig that blocks CD28-mediated co-stim-

ulation of T cells, is an immune-suppressant that can be used as an alternative 

to calcineurin inhibitors (CNIs). In kidney transplant recipients, belatacept has 

been associated with improved renal function and reduced cardiovascular tox-

icity. Monocytes as well as T-lymphocytes play causal roles in the pathophysiol-

ogy of atherosclerotic disease. We hypothesized that the beneficial impact of 

the use of belatacept over CNIs on cardiovascular risk could be partly explained 

by the impact of belatacept therapy on these circulating leukocytes. Hence, 

we phenotyped circulating leukocytes in transplanted patients with a stable 

renal function that were randomized between either continuation of CNI or 

conversion to belatacept in two international studies in which we participated. 

In 41 patients, we found that belatacept-treated patients consistently showed 

lower numbers of B-lymphocytes, T-lymphocytes as well as CD14-negative 

monocytes (CD14NM), especially in non-diabetic patients. Our observation that 

this decrease was associated to plasma concentrations of TNFα is consistent 

with a model where CD14NM-production of TNFα is diminished by belatacept-

treatment, due to effects on the antigen-presenting cell compartment. 
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INTRODUCTION

Kidney transplantation is the treatment of choice for end-stage kidney disease 

(ESKD). Since the introduction of calcineurin inhibitors (CNI) and especially 

tacrolimus, early graft survival has spectacularly risen [1]. Belatacept was in-

troduced in the beginning of the previous decade and was shown to be a safe 

alternative to CNI [2-4]. While, compared to CNI, it is quite consistently linked 

to higher rates of rejection, the use of belatacept was associated with improve-

ment of renal function and favorable effects on blood pressure, glucose me-

tabolism and bone mineralization [5-7]. Belatacept seems less likely to result 

in formation of donor specific antibodies (DSA) compared to CNI illustrating its 

impact on humoral immunity [8]. 

Cardiovascular disease (CVD) remains the most important cause of death after 

transplantation [9, 10]. While multiple clinical studies on the immunological 

aspects of atherosclerosis were reported in the last 10 years, not much is known 

about the influence of belatacept on circulating cells of the immune system, 

which may directly impact the progression of CVD [11, 12]. Although monocytes 

are a main component of the innate immune system, they are also able to 

present antigens to cognate T-lymphocytes, thereby playing a role in adaptive 

immunity [13]. Traditionally, monocytes have been divided into three subsets, 

classical- (CM), intermediate- (IM) and non-classical monocytes (NCM), based 

on the expression of the LPS-receptor CD14 and Fcγ receptor III (FcγRIII)/CD16 

with CMs being CD14++/CD16neg, IMs are CD14++/CD16+ and NCMs CD14+/CD16++. 

CD14-expression on monocytes varies accordingly from ‘low’ or ‘dim’ to ‘high’ in 

NCM versus CM. Most authors require at least some amount of CD14-expres-

sion in their gating strategy for monocytes [14]. However, in our laboratory we 

have found a population of CD14-negative monocytes in patients with diabetic 

nephropathy (de Boer, manuscript in progress). In our interpretation, loss of 

expression of CD14 is a sign of terminal differentiation of NCM in inflammatory 

conditions. For that reason we included monocytes that were negative for CD14 

in our analysis. 

Marked variations in the relative abundance of various monocytic subsets has 

been observed in numerous disease states including CVD and chronic kidney 

disease (CKD). For instance, levels of classical monocytes predict cardiovascu-

lar events in patients with coronary heart disease [15]. In pre-transplantation-

patients, CD16+ monocytes (both IM and NCM) exert an upregulation of 

pro-atherosclerotic genes in human endothelial cells, underlining their mecha-

nistic role in CVD [16]. In patients with CKD, uremic toxins shifts monocytes to 

a CD16-positive phenotype [17] leading to significantly higher numbers of IMs, 
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independently predicting cardiovascular outcomes in patients with CKD [18]. 

Even after resolution of CKD by kidney transplantation, elevated numbers of 

circulating IMs are associated with subclinical atherosclerosis [19]. 

Immunosuppression used in transplantation mostly exerts effects on T-

lymphocytes, either by depletion or interference with its function [20]. Naïve 

T-lymphocytes are activated by antigen-presenting cells (APC) in a ‘direct’ 

or indirect fashion. In the first, donor-derived APC’s present molecules of the 

major histocompatibility complex (MHC) to recipient T-cells. In indirect allograft 

recognition, mostly dendritic cells but also other host-APC’s like monocytes, 

macrophages and B-lymphocytes phagocytose a donor-pathogen and present 

it in small peptides loaded onto molecules of the MHC II-class. These peptides 

can be presented on the surface of APC’s to engage the T-cell-receptor. In 

transplantation, donor-antigen of the HLA-class can present itself this way to 

T-cells, and elicit T-cell mediated (cellular) rejection [21]. In atherosclerosis, 

macromolecules like oxidized LDL, present in atherosclerotic plaque are taken 

up by APC’s, fragmented into peptides that are loaded up on MHC-molecules 

and also presented to CD4+ T-cells[22]. Depending on whether the APC will 

be simultaneously activated through Toll-like-receptors, the subsequent T-cell 

action will either be a pro-, or anti-atherogenic response [23]. Production of an-

tibodies (donor-specific antibodies, DSA) requires specific cytokine production 

and the recruitment of Follicular helper-T-cells. This process is frequently seen 

in transplantation, but not in atherosclerosis. 

Belatacept is a co-stimulation blocker, existing of the cytotoxic T-lymphocyte 

antigen 4 (CTLA4) coupled to the Fc-tail of Immunoglobulin G. It acts by binding 

to the co-stimulatory molecules CD80 (B7.1) and CD86 (B7.2) expressed by anti-

gen presenting cells (APCs) [24]. In so doing, it prevents that these ligands bind 

to CD28, a stimulus that plays a key role in cell remodelling, cytokine production 

and proliferation [25, 26]. Multiple trials have investigated the effect of conver-

sion of immune-suppressive regimens based on CNI to regimens including 

belatacept. Our institution has recently participated in two of those studies [27, 

28]. Data from the participating patients have presented us with an opportunity 

to explore whether belatacept impacts the phenotype of circulating leukocytes. 

We performed a thorough fluorescent assorting cell sorting (FACS) analysis on 

selected leucocytes of 44 of those patients, revealing a remarkable effect on 

CD14-negative monocytes, a cell relatively scarcely described. We also found 

that this effect clusters with TNF-alfa and lymphocytes, only in belatacept-

treated patients. 
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We hypothesized that belatacept influences the phenotype or reduces the cir-

culating numbers of leucocytes relative to the effect of calcineurin inhibitors. 

While phenotypic changes can happen early after conversion, the clinical effects 

of reduced inflammation could impact patients and grafts on the long term. In 

order to investigate this hypothesis we compared monocytes and lymphocytes 

in kidney transplant recipients (KTR) that were randomized for conversion to 

belatacept [27, 28] to those of the control group (continuation of CNI-therapy) 

during the first year after conversion.

METHODS

Description of the study

At the time of the study, two international randomized trials were recruiting 

KTR at the Leiden University Medical Center [27, 28]. Both trials randomized 

patients to convert from CNI-based immunosuppressive therapy to belatacept, 

or to continue on CNI. The goal of these original studies was to compare kidney 

function and cardiovascular outcomes after conversion tot belatacept, after 

a minimum of 3 months after transplantation (to limit rejections that are typi-

cally associated with its use directly after transplantation). We designed a local 

amendment that permitted us to include measurements of circulating cells in 

all patients from Leiden during the first year of both studies. Our medical ethical 

committee approved all procedures prior to initiation of the study, in June 2015. 

All participants provided written informed consent. 

For the original studies, patients between 18 and 80 years old were eligible 

when they had undergone kidney transplantation at least 3 months, and at the 

latest 5 years before, and had stable renal function. Patients with rejection rated 

BANFF 2a or greater were not eligible for inclusion. Of the included patients, 

three patients had received alemtuzumab, a T-cell depleting agent, as a means 

of ’induction’-therapy. Alemtuzumab was given respectively 30, 50, and 56 

months before randomization to this study, meaning that repopulation of lym-

phocytes was completed long before participation [29].

The precise criteria for inclusion and exclusion are published elsewhere [27, 

28]. Our amendment study aimed to include 40 of these patients and perform 

measurements of circulating cells at three time-points, at randomization (T0), 6 

months (T6) and 12 months (T12) after randomization.

The randomization itself was performed within the main studies that overlapped 

our study. Belatacept was initiated on the day of randomization, immediately 
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after obtaining blood samples for the measurements. Five mg/kg of belatacept 

was infused on day 1, 15, 29, 43, 57 and every 29th day after day 57, for a total of 

1 year after randomization. CNI’s were discontinued in 4 weeks after initiation 

of belatacept. Patients randomized to the control group continued CNI after 

randomization in the same dose as they used before (trough level of tacrolimus 

between 4-7 mg/L, cyclosporine 100-150 mg/L). All patients received mainte-

nance immunosuppression consisting of mycophenolate mofetil (MMF) (dosed 

twice daily to obtain an area under the concentration over 12 hour-curve (AUC-

12) of 30-60 mg/L*h, or the mammalian target of sirolimus-inhibitor (mTOR-i) 

everolimus (trough levels 5-8 mg/L) and low-dose prednisone (5-7,5 mg per 

day). All patients were routinely tested for clinical parameters including renal 

function every 3 months, or monthly when in the belatacept group in the first 3 

months after randomization. 

Blood sampling

For measurement of circulating cells, 5 mL of EDTA-anticoagulated blood was 

drawn through venous sampling during routine visits at randomization and at 6 

and 12 months after randomization. EDTA-blood was centrifuged for 10 minutes 

at 3000 rpm (room temperature) after which plasma was stored in microcentri-

fuge tubes at -80°C until required for analysis.

Fluorescent Assisted Cell Sorting (FACS). 

From all antibodies in the cocktails saturating concentrations were deter-

mined. Conjugated antibodies were added within 2 hours of blood withdrawal 

in the appropriate dilutions and incubated for 30 minutes on ice in the dark. 

For monocyte subset measurements one tube with 100 µL of whole blood was 

incubated with a monocyte cocktail containing conjugated antibodies CD45-

BUV395, CD14-V500, CD31-FITC, and CD16-PE-CF594. In a second tube, 

100 µL of whole blood was incubated with a lymphocyte cocktail containing 

CD45-BUV395, CD3-PerCP, CD19-eFluor700 and CD27-PE. All antibodies were 

obtained from BD Biosciences (Etten-Leur, The Netherlands). Red blood cells 

(RBCs) were lysed with shock buffer (0.155 M NH4Cl, 0.01 M KHCO3, 0.1 mM 

EDTA, pH 7.4) for 10 minutes on ice and the samples were measured immedi-

ately using the LSRII (Becton Dickinson) after appropriate maintenance- and 

compensation protocols. This multicolour lyse-no-wash, whole blood protocol 

guarantees minimal sample manipulation and thus minimal cell activation. Per 

tube 955.843±248.673 total events (average ± SD of 41 blood samples) were 

recorded. Absolute cell-numbers were calculated by measuring the percent-

age of cells in the “no debris” gate and relating this cell population to the total 

WBC-count measured by a routine haematological laboratory, yielding absolute 

numbers of cells expressed as nx10E6/mL, unless stated otherwise. The gating 
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strategies for monocytes and lymphocytes are illustrated and described in Sup-

plemental Figure 1 and a list of all antibodies used, including clone-identifier is 

depicted in the Supplemental Table 1. 

Additional FACS for markers of antigen-presentation.

After interpretation of the first results, in which we found the predominant ef-

fect on CD14NM, we hypothesized that these cells would contain high expres-

sion of markers associated with antigen-presentation. Therefore, plasma of 4 

additional KTRs was collected, since the original samples were not suited for 

a new FACS-experiment. All were treated with tacrolimus, mycophenolate and 

prednisone. The same FACS-procedure was carried out, with additional mark-

ers for CD80, CD86 and HLA-DR to estimate antigen-presenting capacity. 

Measurement of TNFα-levels. 

Circulating TNFα antigen levels were measured for all patients in EDTA-plasma 

samples using a Human Magnetic Luminex Assay (Bio-Techne, Abingdon, UK).

Statistical analysis

Clinical characteristics were expressed as either categorical variables or con-

tinuous variables. Comparison between the intervention groups was done using 

Pearson Chi Square test, with p-value of < 0.05 as discriminant for significant 

difference. All cell counts are continuous variables, expressed in whole numbers 

as mean cell counts ± standard error of mean (SEM), or median cell counts with 

IQR when populations were non-parametrically distributed. Comparison of the 

initial values at baseline was done using independent T-testing. Comparing of 

mean differences at the longitudinal time points was done using either a two-

way mixed ANOVA, with one-way ANOVA to follow up on significant simple 

main effects, or by paired samples T-testing. Differences between continuous 

variables were considered significant when p-values were <0.05. For determi-

nation of the proportion of variance the R-squared value (R2) was calculated. 

The analysis was performed using SPSS version 27 (SPSS Inc, Chicago, IL) and 

GraphPad Prism, version 8 (GraphPad Prism Software Inc, San Diego, CA). 

RESULTS

Inclusion and patient characteristics

From September 2015 until October 2018, 44 KTRs were recruited for this 

study. Twenty-two patients were converted from CNI to belatacept (Figure 1; 

flow chart). All but one patient finished one year of belatacept-treatment after 

conversion (one patient emigrated to another continent 4 months after random-
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ization). Twenty-two patients were randomized to the control group. Of these, 

one withdrew consent and refused participation after randomization for CNI. 

One patient unfortunately developed postrenal failure due to ureterovesical 

stenosis of the anastomosis and presented with irreversible renal failure shortly 

after randomization. No patient in the belatacept-group developed rejection 

during the course of the study, 1 patient on TAC developed BANFF-2a rejection, 

for which he was successfully treated with a course of methylprednisolone (3 

consecutive days of 1000 mg intravenously). 

Baseline characteristics are presented in Table 1. No significant differences 

were seen initially for any of the categories, though slightly more diabetics were 

in the belatacept-group (8 of 21= 38% versus 3 of 20=15% for CNI). 

Table 1. Baseline-characteristics. Continuous variables with normal distribution are 

presented as means with standard deviation, those with non-Gaussian distribution are 

presented by IQR (P25, median, P75). Categorical variables are presented with count-

numbers with corresponding percentages. * Others used tacrolimus, ** Including ADPKD 

and urological conditions, *** Others used Mycophenolate Mofetil.

Baseline characteristics

Calcineurin 

inhibitor

Belatacept

Patients 20 21

Gender (%male) 13 (65%) 12 (57%)

Donor age (y, mean, SD) 59 (11) 58 (12)

CsA before Ktx* (n,%) 4 (20%) 2 (9,5%)

Cause of ESRD Diabetes or hyper-

tension

(n,%) 5 (25%) 5 (23,8%)

Structural CKD** (n,%) 3 (15%) 7 (33,3%)

Glomerulonephritis (n,%) 8 (40%) 6 (28,6%)

Other/unknown (n,%) 4 (20%) 3 (14,3%)

Dialysis-duration 

before KTX

(months, IQR) (0,5,28) (0,7,30)

Glomerular filtration 

rate

(CKD-EPI (ml/

min/1.73m2) mean, 

SD)

56 (17) 47 (14)

Living donor (%) 11 (55%) 11 (52,4%)

Time since Ktx (months, IQR) (15,26,54) (26,32,44)

Mtor-i *** 2 (10%) 3 (14,3%)

Smoking Previous (n,%) 10 (50%) 8 (38,1%)

Current (n,%) 2 (10%) 2 (9,5%)

Diabetes (n,%) 3 (15%) 8 (38,1%)

LDL mmol/L (mean, SD) 2,89 (1,12) 2,99 (1,03
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FACS analysis and definition of 4 monocyte subsets

Using a minimal phenotypic cocktail containing the “backbone” markers CD45, 

CD31, CD14 and CD16, monocyte conversion into 4 stages was monitored in 

both patient groups. CD31 was included to discriminate between CD14NM and 

natural killer cells (NKs), since both CD14NM and NKs are highly positive for 

CD16 and negative for CD14, but monocyte are highly positive for CD31, while 

NKs are intermediately positive. In the fourth subset, monocytes were as nega-

tive for CD14 as a negative reference population (NRP) and thus denoted CD14-

negative monocyte (CD14NM). 

Table 1. Baseline-characteristics. (continued)

Baseline characteristics

HDL mmol/L (mean, SD) 1,51 (0,52) 1,62 (0,45)

Previous cardiovas-

cular disease

Coronary artery 

disease

(n,%) 5 (25%) 5 (23,8%)

Peripheral vascular 

disease

(n,%) 4 (20% 3 (14,3%)

Congestive heart 

failure

(n,%) 2 (10%) 2 (9,5%)

Cerebrovascular 

disease

(n,%) 1 (5%) 1 (4,8%)

Any previous trans-

plants

(n,%) 2 (10%) 1 (4,8%)

Number of anti-hy-

pertensive drugs

one (n,%) 11 (55%) 10 (47,6%)

two, (n,%) 3 (15%) 5 (23,8%)

three or more (n,%) 3 (15%) 4 (19,1%)

Use of ACE-i or ARB 7 (35%) 10 (47,6%)

Statin user 11 (55%) 10 (47,6%)

HLA-mismatch A (mean n of mis-

matches, SD)

0,95 (0,7) 1,19 (0,7)

B (mean n of mis-

matches, SD)

1,2 (0,5) 1,05 (0,6)

DR (mean n of mis-

matches, SD)

0,8 (0,7) 1,1 (0,5)
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The FACS gating strategy for both monocytes and lymphocytes is described 

and illustrated in Supplemental Figure 1. An illustration of extended monocyte 

conversion into four monocyte subsets and accompanying lymphocytes is de-

picted in Figure 2A and B.

WBC and monocyte- and lymphocyte subsets after CNI-and 
belatacept-treatment

At baseline (BL), absolute counts for white blood cells (WBC), monocyte subsets, 

T- and B-lymphocytes and granulocytes were not significantly different between 

the CNI- and belatacept groups. After 1 year of treatment, WBC count increased 

in the CNI-group (Figure 3A), but not in the belatacept-group. This increase in 

total numbers of WBC in the CNI-group was reflected in absolute numbers of 

granulocytes, the highest abundant circulating cell type (Figure 3B), but not in 

the monocyte- or lymphocyte subsets (figure 3C-H). Interestingly, belatacept 

treatment decreased the numbers of CD14NM at both 6 months (Figure 3F, 

P<0.05) and 1 year (also p<0.05), while the numbers of the other monocyte sub-

sets were not significantly changed (Figures 3C, D and E). In addition, numbers 

Figure 1. Flowchart of patient inclusion. Forty-four patients from two clinical trials were 

included, of which 41 completed the add-on study.
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of T-cells were significantly decreased after 1 year of belatacept treatment (Fig-

ure 3G, p<0.01), but not in the CNI-group. Numbers of B-cells were also lower 

after a year on belatacept, although the change was not significant. (Figure 3H)

Diabetes mellitus determines effect of belatacept on circulat-

Diabetes mellitus determines effect of belatacept on 
circulating leucocytes 

Diabetes mellitus (DM) has been shown to affect conversion of CM towards 

NCM [30-34]. The finding of a significant decline in CD14NM in our study, to-

gether with our own (unpublished) previous finding of extended conversion into 

CD14NM in DN led us to investigate if DM affected the skewing of monocytes 

after conversion. In our cohort, 11 patients had DM of which 3 in the control 

group. We saw that at randomization, CM were slightly higher in patients with 

diabetes, while IM and NCM were lower. No difference was seen in CD14NM 

(supplemental figure 2). 

When stratifying for DM, the longitudinal effects of treatment on CD14NM and 

T-cells as shown in Figure 3 appeared to be restricted to non-diabetic patients, 

since exclusion of the diabetic patients (Figure 4) resulted in consistent and 

more pronounced statistical differences. For patients without DM on belata-

cept, CD14NMs decreased (Figure 4B: Bela-BL versus Bela-M6, P<0.01; Bela-BL 

Figure 2. Illustration of impact of belatacept conversion on monocyte subset and lym-

phocyte levels in one patient. A) CD14-negative monocytes represents 4.3% of all mono-

cytes at randomization, under CNI-treatment (T=0). B) After 1 year of belatacept treat-

ment this decreased to 0.6%, limiting monocyte conversion to mainly 3 subsets. From 

the same patient, lymphocyte subsets showed a small decrease of B-cells from 1.9% of 

all lymphocytes at baseline to 0.9% 1 year after belatacept treatment, while the percent-

age of T-cells was not different (C and D). CNI = calcineurin inhibitor. BL = baseline. M12 

= month 12. CM/IM/NCM = classical/intermediate/non-classical monocyte. NRP = Nega-

tive Reference Population.
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versus Bela-M12, P<0.05), as well as T-cells (Figure 4C: Bela-BL versus Bela-

M12, P<0.01) and B-cells (Figure 4D: Bela-BL versus Bela-M12, P<0.05). These 

effects were not observed in diabetic patients. Interestingly, kidney function 

parameters improved for non-diabetics on belatacept (Figure 4E, creatinine: 

Bela-BL versus Bela-M12, P<0.05 and Figure 4F, eGFR: Bela-BL versus Bela-

M12, P=0.057), while this was not the case for diabetic subjects.

Association of TNFα with skewing of cell populations

TNFα is a central proinflammatory cytokine that is produced by monocytes [35]. 

Given the impact of belatacept on the skewing of the monocyte subpopulations, 

we decided to associate the results to plasma levels of TNFα. In patients con-

tinuing CNI-treatment, TNFα increased significantly over time especially in the 

last half year (Figure 5A and 5B), while no effect was visible after belatacept 

treatment. In fact, the increase in plasma TNFα (delta TNFα) in the last half year 

on CNI was significantly higher when compared to patients that switched to 

belatacept (Figure 5B; M12-M6 for CNI versus M12-M6 for belatacept; P<0.01). 

These results were not dependent on diabetes status. (Figure 5C). 

Figure 3. Quantitative differences in monocyte subset counts and lymphocyte counts 

upon conversion from CNI to belatacept. We observed an increase in whole blood cells 

(A) and (B) granulocytes in controls on CNI treatment. In the belatacept patients, CD14-

negative monocytes (E) and T-cells (F) were significantly lower after conversion while the 

decline in B-cells (G) trended towards significance (p=0,0521). Paired repeated measures 

1-way ANOVA with Tukey’s multiple comparisons test. * indicates significant difference, 

p-value < 0,05. ** indicates p < 0,01. WBC: white blood cell. CNI = calcineurin inhibitor. BL = 

baseline. M6/12 = month 6/12. Patients randomized to belatacept used CNI at randomiza-

tion but are represented in the squares named ‘belatacept’.
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To explore if the impact of treatment on the observed longitudinal changes in 

cell numbers were interrelated, we calculated delta values (M12 minus BL) for 

each individual patient and performed multivariate linear regression analysis 

to correlate changes in granulocytes and monocyte- and lymphocyte subsets. 

Supplemental figure 3 shows correlation matrices for significance (2-way 

ANOVA P-values, matrices A and C) and covariance (Pearson R values; matri-

ces B and D). Under continuous CNI regime (CNI, n=20; matrices A and B), only 

changes in CM versus T-cells and changes in NCM versus IM were correlated 

Figure 4. Effect of conversion stratified for diabetes. In the control group, a change 

upward is observed for total white blood cells in the control group (A). The observed 

changes in CD14NM (B), T-cells (C) and B-cells (D) after conversion to belatacept is more 

pronounced in non-diabetic patients (left squares are non-diabetics), as is the improved 

renal function (E) and (F). Paired repeated measures 1-way ANOVA with Tukey’s multiple 

comparisons test. * indicates significant difference, p-value < 0,05. ** indicates p < 0,01. 

Patients randomized to belatacept used CNI at randomization but are represented in the 

squares named ‘belatacept’.
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significantly. In patients converted from CNI to belatacept however (Bela, n=21; 

matrices C and D), a cluster of interrelated changes for CM, IM and NCM (cluster 

1) and for CD14NM, T-cells and B-cells (cluster 2) exists. Interestingly, although 

CD14NMs are considered to be descendants from the monocyte lineage, 

changes in CD14NM did not correlate with changes of its ancestors, but was 

rather interrelated with changes in T- and B-cells. 

To give a more detailed insight in the direction of changes, the linear regres-

sion curves for patients remaining on CNI (n=20; graphs A, B and C) and for all 

patients converted to belatacept (Bela, n=21; graphs D, E and F) are shown in 

Figure 6, depicting changes in cell numbers of cluster 2. As already shown in the 

correlation matrices, there were no significant relations between delta values 

of circulating cells or TNFα after continuation on CNI-treatment (Figure 6 A-D), 

but they were highly significant in those converted to belatacept. With delta (Δ) 

Figure 5. Conversion to belatacept leaves TNFa levels unaffected while a significant 

increase is seen in those on CNI. A) TNF-alfa concentrations at baseline (BL), 6 months 

and 12 months (M6/M12). B) the change in concentration for patients on CNI (white) and 

belatacept (grey). C) same as A) stratified for diabetes. Paired repeated measures 1-way 

ANOVA with Tukey’s multiple comparisons test. * indicates significant difference, p-value 

< 0,05. ** indicates p < 0,01.
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CD14NM as variable, significant correlations were found with Δ T-cells (Figure 

6E) and Δ B-cells (Figure 6F). As could be expected, Δ T-cells also showed a 

highly significant correlation with Δ B-cells (Figure 6G). Finally, changes in CD-

14NM also correlated with Δ TNFα (Figure 6H). The magnitude of the variance 

ranges greatly, from a R2-value for variance of just 0,32 (R 0,569, Supplemental 

fig 3) for the correlation between Δ T-cells and Δ CD14NM to 0,59 (R 0,769) for 

ΔT-cells and Δ B-cells. When assessing the direction of changes, cell popula-

tions decreased consistently under belatacept-treatment, while such a general 

trend was not seen in CNI. (Figure 6 I, J, K)

CD14NM express large amounts of CD80 and CD86.

Since belatacept acts on co-stimulation through CD80/CD86, we investigated 

whether these markers were present on CD14NM. For that purpose we collected 

new blood samples from four KTR’s on standard therapy consisting of tacroli-

mus, mycophenolate and prednisone. We compared the expression of CD80 

and CD86 on CD14NM to other monocytes and to professional APC’s, plasma-

cytoid and conventional dendritic cells (pDC’s and cDC’s). Figure 7 shows the 

Figure 6. Simple Linear regression analysis of changes in cell populations after 1 year of 

treatment. R2 indicates proportion of variance explained by the independent variable. No 

association between Δ CD14NM and Δ T-cells (A) and Δ B-cells (B), nor for Δ T-cells and 

Δ B-cells (C) or Δ CD14NM and Δ TNF-alfa (D) is seen in CNI-treated-patients. In Belata-

cept-treated-patients, significant associations are observed for these changes: Δ CD-

14NM with Δ T-cells (E) and B-cells (F) respectively, for Δ T-cells and Δ B-cells, and for Δ 

CD14NM and TNF-α (H). For CD14NM (I), T-cells (J) and B-cells (K) belatacept-treatment 

exerts a consistent decreasing significant effect in these populations, contrary to CNI. 

TNF-alfa levels are not significantly changed (L, also 5B). Univariate linear regression. P< 

0,05 indicates significant difference.   



68

Chapter 3

mean fluorescent intensity (MFI) of all APC-subsets correlated to a reference 

population (RefPop; CD45-negative cells). It illustrates that expression of CD80 

(Figure 7A) in these immunosuppressed conditions is very low and that IM, NCM 

and CD14NM exhibit expression of CD86 (Figure 7B) to an extent even higher 

than the DCs (Figure 7D). For comparison HLA-DR expression was also deter-

mined (Figure 7C). Furthermore, in peripheral blood of these KTRs, monocyte 

subsets outnumbered the DCs of which CD14NM showed a significant increase 

(Figure 7E; CD14NM vs pDC and cDC P<0.05).

DISCUSSION

In this study, we correlated phenotypical and quantitative changes in white 

blood cells to conversion form ‘standard CNI-based-therapy’ to belatacept. 

While prednisone is known to influence skewing of monocytes, intake of MMF, 

mTOR-inhibitors and CNIs has no effect on monocyte subset numbers in kidney 

transplant recipients [36]. Since the intake of ‘background’ therapy was identi-

cal for all KTRs in our study, the observed results are attributable to the conver-

sion of therapy.

Figure 7. Mean Fluorescence Index of CD80 (A), CD86 (B), HLA-DR (C) on CD45-posi-

tive cells of kidney transplant recipients on tacrolimus, prednisone and MMF). Note that 

CD14NM presents abundant CD80/86, even more than dendritic cells (A, B, D). (E) In 

KTR’s, monocytes outnumber dendritic cells. PDC and cDC plasmacytoid and conven-

tional dendritic cells. Note: to enable readability, multiple significant differences between 

populations in these graphs are not highlighted with asterisks. * p-value < 0,05 in stan-

dard t-test for comparison of groups. 
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The main result is that we found a fourth subset of monocytes, phenotypically 

highly positive for CD16 and CD31 and as negative for CD14 (CD14NM) as a neg-

ative reference population (CD14-/CD16- lymphoid cells) and we consider this 

subset as an end-stage entity of monocyte conversion (manuscript in prepara-

tion). Interestingly, this CD14NM subset is equipped with the essential stimu-

latory markers for belatacept to act, namely CD80 and CD86, and decreases 

in abundance in patients converted to belatacept compared to patients that 

continued CNI-based therapy. Other observations were a significant decline in 

B-cells, T-cells and TNFα in belatacept, and a rise in overall white blood cells in 

patients continuing CNI.

Most existing literature has not reported on CD14-negative monocytes because 

of two reasons: firstly, in peripheral blood samples from healthy volunteers this 

CD14NM was hardly detectable [37]. Secondly, the definition of monocytes 

in most studies requires CD14 to be at least slightly (dim) positive, and thus 

CD14NM is excluded by default [38, 39]. Or, since CD14NM are slightly smaller 

than other monocytes (supplemental figure 1B) they were excluded by cell size 

selection in studies using FSC/SSC characteristics [40-42] In some papers, 

CD14-negative monocytes were shared among the CD14-expressing/low NCM 

population leading to phenotypic definition of NCMs with CD14 expression vary-

ing from CD14- to CD14+ [43-45].

However, few studies have reported a CD14-negative NCM. For instance, 

6-Sulfo-Lac-Nac (SLAN) has been described as an additional identifying marker 

for CD14-low or negative NCM (SlanMo) [44, 46]. The CD14NM in only 1 in the 

4 subjects retested to evaluate APC-potential were positive for SLAN, all but 

ruling out the possibility that our CD14NM was the SlanMo.

In the patients in the CNI-arm, TNFα in the circulation increased. This effect may 

be explained by the fact that 90% of the patient’s received tacrolimus, which 

has been shown to increase the potential production of TNFα, IL1β, IL-6 and 

IL-10 by monocytes after stimulation in comparison to CsA [47]. Furthermore, 

it has been shown that monocytes are the dominant TNFα producing cells in 

peripheral blood of KTRs [48]. In our cohort, this increase in TNFα was not seen 

during belatacept treatment, indicating either an anti-inflammatory effect of 

belatacept, or the elimination of the influence of tacrolimus. There was a linear 

correlation between the changes in CD14NM numbers and TNFα after 1 year of 

belatacept, which suggests that these cells may contribute to TNFα secretion 

into the circulation. Interestingly, the decline of CD14NM numbers and TNFα 

also coincided with a reduction in both T- and B-cells in belatacept-treated 
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patients but not in CNI. This observation is most convincing in non-diabetic 

patients, but significant for the whole cohort of belatacept-patients.

We think our findings are best explained by proposing a model in which belata-

cept first and foremost exerts an effect on the ‘upstream’ monocyte-population. 

In that model, the terminal differentiation of monocytes to CD14NM is influ-

enced by the conversion to belatacept through either apoptosis of the latter, 

or by hampering of differentiation of NCM to CD14NM. By diminishing this cell 

population, less presentation of antigen to naïve T-cells sequentially causes less 

T-cells to proliferate and thus lower numbers of B-cells to be stimulated.

Previous studies provide some support for this hypothesis. First, Tono et al. 

tested the influence of abatacept, a different CTLA4-Ig-compound on human 

monocytes. He indeed found that cultured monocytes went into apoptosis af-

ter stimulation with enterotoxin when abatacept was added. Furthermore, the 

expression of CD80 and CD86 decreased on the remaining monocytes [49]. 

We cannot elaborate on that last finding from our results, since we only tested 

CD80/86 on patients ‘on’ tacrolimus. Monocyte conversion from CM to NCM 

has been shown in disease states associated with systemic inflammation, like 

rheumatoid arthritis and sepsis [50, 51]. Furthermore, in a cohort of patients 

with diabetic nephropathy (DN) we observed extended conversion of monocytes 

beyond the NCM stage to CD14NM (De Boer et al. manuscript in preparation).

The second proposed step of CD14NM-depletion leading to less proliferation of 

T-cells was prompted by the striking clustering of CD14NM, T-cells, B-cells (and 

TNFα) in patients treated with belatacept, but not in those on CNI. Other mono-

cytes have previously been recognized for their involvement in allo-recognition. 

For instance, increased monocyte count was associated with rejection, and with 

low GFR in a cohort of KTR’s. [52]. Also, monocytes are capable of distinguish-

ing between self- and non-self tissues [53] and allogeneic non-self acts as an 

immune adjuvant causing persistent maturation of monocytes into APCs [54]. 

Furthermore, depletion of monocytes blunted T cell-mediated allograft rejec-

tion [54]. Since we did not include the activation markers CD25 and CD71 in our 

phenotypic cocktail however, we cannot definitively proof but only speculate 

that the lower numbers of T-cells in belatacept patients could be explained 

by downregulation of the CD14NM. Not including these and other markers is a 

limitation to our study. 
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We also did not assess the exact phenotype of the B-lymphoid subsets, but the 

simultaneous decline in CD14NM and B-cell-numbers in belatacept-patients 

could also help understand why belatacept- treatment is associated with a 

reduced tendency for formation of donor-specific antibodies [55]. 

 Surprisingly, KTR that were already diabetic before transplantation did not show 

belatacept-induced reduction of CD14NM, T- and B-cells, nor an improvement 

in kidney function. While CNI treatment is associated with an increased risk of 

developing post-transplant diabetes mellitus (PTDM) [56], apparently diabetic 

patients switching CNI treatment to belatacept show less of the mentioned ef-

fects on cell-populations. A possible explanation may be that monocytes of pa-

tients with DM2 have shown to express less CD86, thereby impairing the effect 

of belatacept on APCs [30]. However, caution against overinterpretation of this 

observation is warranted since it only involves a small number of patients. Small 

group size also limited further subgroup analysis. For example, we observed 

that two among three patients in the intervention-group using everolimus (EVL) 

were among the patients experiencing the largest ‘drop’ in CD14NM. However, 

since the total number of EVL-patients were only three in the belatacept-group 

and two in the CNI-group, we cannot build on that observation any further.

An interesting possibility we consider is that the CD14NM is related to the cells 

described in a sub-study of the BENEFIT-trial [57]. There, in blood of patients 

treated with belatacept, qualitative analysis showed that a subgroup of circulat-

ing CD16pos leukocytes expressed indoleamine 2,3-dioxygenase 1 (IDO) after 12 

months of treatment, while these cells were not CD14pos monocytes, and were 

not observed in patients treated with CsA. From that same group, 16 patients 

on belatacept and 10 on CNI had repeat investigation of graft histology and 

peripheral blood [58]. CD16+TNFα-positive cells were found significantly less 

frequently in circulation, while higher frequencies of CD16+IDO+ cells were 

found in the graft. Besides the presence of CD16pos/IDOpos cells in the circula-

tion, kidney grafts after 10 years of treatment with belatacept in the BENEFIT 

study contained more CD16pos/IDOpos cells, which points to trafficking of these 

cells from the circulation into the transplanted kidney. These IDO-positive cells 

may actually represent the fourth CD14NM subset. 

In conclusion, our study indicates enhanced proliferation of monocytes into a 

CD14NM, and correlates this finding with conversion to belatacept in KTR’s. 

Belatacept-treated patients show significantly less of these terminally differ-

entiated monocytes, and this decline is associated with a comparable lowering 

of TNFα, B-cells and T-cells, most notably in non-diabetics. This effect was not 

seen in CNI-treated patients. We propose a model to explain these findings. 
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Further studies are needed to evaluate the exact role this cell has in trans-en-

dothelial migration, cell-cell interaction of APC with lymphocytes, inflammation 

and possibly fibrosis in transplant recipients.
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Supplemental figure 1. FACS gating strategy for monocytes and lymphocytes. The 

FACS gating strategy for monocytes. After exclusion of doublets (A) and debris (B), mono-

nuclear cells (MNCs) are gated (D) in preselected CD45-positive leukocytes (C). Next, by 

selecting CD31-positive MNCs, NKs were excluded (E) and CM, IM, NCM and CD14NM are 

gated based on their expression of CD16 and CD14 (F). Please note that the CD14NM pop-

ulation was as negative as the negative reference population (NRP CD14-/CD16-), located 

in the lymphocyte population (F) and that they were smaller in size than CMs (SSC in plot 

B). Next to monocyte subsets, also lymphocyte subsets were measured using a separate 

FACS cocktail containing antibodies directed against CD45, CD3, CD19 and CD27. After 

exclusion of doublets (G) and debris (H) and preselection of CD45-pos cells, lymphocytes 

were gated based on CD45- expression and SSC (J). Next, B-cells were selected utilizing 

CD19-expression and T-cells utilizing their CD3-expression (K, L).
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Supplemental figure 2. All patients at baseline according to diabetes status (A). Classi-

cal monocytes (B) are lower in diabetics while intermediate (C) and non-classical mono-

cytes (D) are higher in diabetics. For CD14NM (E) no difference is seen. Standard T-test 

comparison for group differences, * indicates p < 0,05, ** indicates p < 0,01. 
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Supplemental Table 1.

All antibodies used in FACS protocols

  CD number Fluorochrome Clone Firm

Mono tube

 

 

 

CD45 BUV395 HI10 BD Biosciences

CD14 V500 MφP9 BD Biosciences

CD31 FITC WM59 BD Biosciences

CD16 PE-CF594 3G8 BD Biosciences

Lympho tube

 

 

CD45 BUV395 HI10 BD Biosciences

CD3 PerCP SK7 BD Biosciences

CD19 eFluor700 HIB19 BD Biosciences

Validation tubes

 

 

 

 

 

 

 

 

 

 

 

 

 

CD45 Pac.Blue F10-98-4 Serotec

CD14 V500 MφP9 BD Biosciences

CD16 AF700 3G8 Biolegend

CD31 PE WM59 BD Biosciences

CD3 PerCP-Cy5 HIT3A Biolegend

CD19 PerCP-Cy5 SJ25C1 Biolegend

CD20 PerCP-Cy5 2H7 Biolegend

CD56 PerCP-Cy5 5.1H11 Biolegend

CD80 FITC L307 BD Biosciences

CD86 BV605 BU63 Biolegend

HLA-DR PE-CF594 G46-6 BD Biosciences

CD11c PE-Cy7 3,9 eBioscience

CD123 BV650 6H6 Biolegend

SLAN APC M-DC8 Miltenyi
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ABSTRACT 

Torque Teno Virus (TTV) is a non-pathogenic anellovirus, highly prevalent in 

healthy populations. Variations in its viral load have been associated with states 

of diminished immunity, as occurs after organ transplantation. It is hypothesized 

that TTV-load might be used as a diagnostic tool to guide prescription and dos-

ing of immunosuppressive drugs. 

Not much is known about the effects of combined immunosuppressive drugs on 

TTV replication in renal transplantation. Belatacept was introduced to counter 

side-effects of calcineurin inhibitors (CNI). It was never widely adopted, mainly 

because its association with increased risk of rejection. To investigate the dif-

ferential effects of a regimen based on calcineurin inhibitors versus belatacept 

on TTV-loads, we measured TTV-levels in 105 patients from two randomized 

controlled trials in kidney transplant recipients (KTRs). 

We observed that time after transplantation was inversely related to TTV-levels 

of patients that remained on a CNI-containing regime, whereas this decline over 

time was diminished after conversion to belatacept. In addition, a correlation 

with tacrolimus-trough levels and age were found. Our study is the first report 

on the impact of conversion from CNI to belatacept on TTV-levels in KTR. In 

conclusion, the time-related decline in TTV-levels is mitigated after conversion 

from CNI to belatacept. 
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INTRODUCTION 

The introduction of effective immunosuppressive drugs in kidney transplanta-

tion (KT), including calcineurin inhibitors (CNI) and induction therapy with T-

lymphocyte depleting agents and interleukin-2 receptor inhibitors (IL2R-i) have 

lowered rejection rates from an initial 50% to 12-% in the first year on current 

standard regimens (1, 2). The downside of the increased efficacy is the high 

prevalence of opportunistic infections and malignancies. For instance, viral in-

fection with cytomegalovirus (CMV) or BK-polyoma-virus (BKPyV) is prevalent in 

19% and 10-15% of KTR’s respectively, and can lead to substantial morbidity and 

graft loss (3-6). Furthermore, kidney transplant recipients (KTRs) are at risk for 

post-transplant lymphoproliferative disease (PTLD) (7). Besides the frequency, 

the severity of common viral infections is also enhanced in KTRs. This was re-

cently exemplified during the COVID-19 era, where mortality and hospitalisation 

was consistently higher in KTRs, both prior to and after the availability of vac-

cines (8, 9).

Currently, the transplant physician can adjust the immunosuppressive drug 

used and its dose by therapeutic drug monitoring, by screening for opportu-

nistic viral infections and antibodies to donor-HLA (donor-specific antibodies, 

DSA) and by performing protocol biopsies. A new development is the measuring 

of levels of torque teno virus (TTV) in KTR. TTV is a non-enveloped DNA-virus 

belonging to the anelloviridae family. It is a non-pathogenic and highly prevalent 

virus that is generally considered to be the major constituent of the blood vi-

rome, in healthy subjects and in transplant patients (10, 11). A recent study from 

our group revealed that low TTV-levels are associated with rejection in KTRs 

(12). Other studies showed associations of high TTV-levels with age, with mor-

tality, and with diminished response to COVID-19-vaccination in patients with 

chronic kidney disease (CKD) (13-15), while a lower TTV level was associated 

with rejection in lung transplant recipients (16). These and other results suggest 

that TTV-levels are broadly reflecting the strength of the immune system. Thus, 

TTV-monitoring could serve as an additional tool to be used to optimize dosing 

of immunosuppressive medication. To that purpose, an international consor-

tium is currently exploring TTV-based-decision-making in KTRs in an ongoing 

clinical trial (17).

Thus far, knowledge regarding the influence of different immunosuppressive 

drugs on the blood levels of TTV is scarce. Standard immunosuppression in-

cludes a CNI, mostly tacrolimus (TAC) in the vast majority of patients (18). Be-

latacept, a co-stimulation blocker provides physicians with an option to prevent 

CNI-related renal toxicity, but its use has been minimal, since several studies 
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show increased rates of acute rejection despite the beneficial effect on renal 

function and metabolic parameters (19-22). 

We recently published the results of an international multi-centre trial in which 

KTRs treated with CNI (96% on TAC) were randomly assigned to belatacept 

or CNI-continuation (SMR-2729 trial) (19). Our centre also participated in the 

comparable, but larger trial performed by Budde et al (20). In these studies, 

more allograft rejections were observed in belatacept-treated patients during 

the first year after transplantation. To explore the potential use of TTV-load 

measurement in decision-making in KTR-management, we determined levels of 

TTV in 105 patients in these trials, hypothesizing the TTV load would decrease 

after conversion to belatacept, reflecting stronger immunity due to a less effec-

tive immunosuppressive effect. 

MATERIALS AND METHODS

Patient selection

Samples of patients in two recent studies were used. In both SMR-2729 (Eu-

draCT no. 2013-001178-20) (19) and IM103-116 (NCT01820572) (20), KTR’s were 

randomized between conversion to belatacept and continuation of CNI in a 1:1 

fashion. The background immune-suppression had been identical, consisting 

of either mycophenolate mofetil (MMF) or the mammalian target of rapamune 

inhibitor (m-TOR-i) everolimus, and low-dose prednisone. Study visits and 

sample collection had occurred at the same time-points, including baseline (T0) 

and visits after 6 and 12 months after randomization (T6, T12). Patients in the 

first trial had been included after a minimum of three months after transplanta-

tion, while the second trial had included patients after 6 months. All patients 

had stable kidney function and no proteinuria or any other clinical reason to be 

subjected to kidney biopsy at the time of randomization. Any patients that had 

experienced rejection classified as at least BANFF2a (or greater) or with cancer 

or any chronic viral infection had been excluded from the original trials. Beside 

the time after randomization, there had been small differences in both stud-

ies, most notably the primary and secondary outcome measures as well as the 

follow-up. The first trial had investigated an innovative tool to calculate cardio-

vascular risk one year after conversion, while Budde’s trial had followed-up renal 

endpoints during two years. However, since both studies had included patients 

that were essentially identical from a clinical perspective, samples from all par-

ticipating patients in either trial were eligible to be used for TTV-determination. 

Stored plasma from ninety-five patients from SMR-2729 and 10 additional pa-
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tients from IM103-116 were used. All patients had provided extended informed 

consent through the original studies that they participated in. 

TTV measurement

Plasma samples of patients collected at baseline (immediately before random-

ization) and after 6 and 12 months of randomization were used for this study. 

For measurement of TTV load, we used the TTV R-gene® kit manufactured by 

Biomerieux Clinical Diagnostics (Marcy-l’Etoile, France). Plasma was stored 

at -80° Celsius. After defrosting, 200 µL of plasma was collected from each 

sample for DNA isolation. Nucleic acids were extracted and eluted in a 100-µL 

volume using the MagNA Pure 96 DNA and Viral NA small volume kit (2.0) with 

the Pathogen Universal 200 protocol on a MagNA Pure 96 instrument (Roche, 

Mannheim, Germany). Ten µL of the elution volume was added to 15 µL of TTV-

R-Gene amplification premix (TTV R-GENE® kit). Amplification was performed 

on the CFX96 real-time detection system (Bio-Rad, Veenendaal, The Nether-

lands). Samples were extracted in combination with internal control (TTV R-

GENE® kit). All measurements were performed twice to ensure reproducibility. 

TTV load was measured in viral DNA copies per mL and log10-transformed, as 

is universally done to express viral loads. The TTV DNA limit of detection (LoD) 

was determined by probit analysis and was set at 250 copies/ml (Log10 2.4).

Statistical analysis

One-way ANOVA was used to compare TTV-levels between belatacept-patients 

and CNI-patients after randomization, and to compare subgroups based on 

age, renal function, tacrolimus-trough-level, dialysis vintage and time after 

transplantation. Standard student’s T-test was performed to compare base-

line values and TTV-load values between different sexes and diabetes-status. 

Paired sample-testing was performed to detect statistical difference in means 

of groups between two time-points after transplantation. Regression analysis 

was performed to determine association between TTV-levels at the end of study 

with various independent variables. Besides sex and age, we chose other po-

tentially confounding parameters for their possible influence on strength of the 

immune system and hence their possible effect on TTV-replication. As a proxy 

for renal function the CKD-EPI-2021 formula was used. As TTV-load is assumed 

to follow a Gaussian distribution, we had to correct for samples of which the 

TTV-level fell between 0 (zero) and the lower limit of detection (LOD). To correct 

for that underestimation, values of 0 were converted to Log LoD/√2 (1.70) (23). 

The analyses were performed using SPSS version 29 and Graphpad Prism, ver-

sion 9.3.1.
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RESULTS 

Patients and sample collection

Plasma samples representing three time points (T0: randomization, T6: 6 

months after randomization and T12: 1 year after randomization) were collected 

of 105 patients. Samples of 39 patients from the Netherlands, 31 patients from 

Sweden, 20 patients from Denmark and 15 from Norway were collected. Of the 

39 patients from the Netherlands, 29 were from the SMR-2729-study and 10 

patients were from the IM103-106-study. Patients were predominantly male. 

Fifty-five patients (54 on TAC, 1 on Cyclosporine A [CsA]) were converted to 

belatacept, while 50 patients continued using CNI (47 on TAC, 3 on CsA). All 

patients used 5 mg of prednisone and MMF, except four patients that used 

Everolimus (two in both groups). Patients with diabetes were overrepresented 

in the belatacept-group (13 vs 8). Renal function at baseline was significantly 

worse in patients converting to belatacept (49.9 ml/min/1.73m2) compared to 

patients in which CNI was continued (58.4 ml/min/1.73m2, p = 0.006). Baseline 

patient characteristics are shown in table 1. 

TTV-levels decline over time after randomization, but this 
change is reduced in patients converted to belatacept

TTV-loads were measured at three time points in all patients (Figure 1A). The 

average TTV-level at T0 is 4.23 log, with patients ranging from a level of 1.7 log 

(limit of detection) to almost 9 log. The average TTV-log then declined to 3.81 

and further to 3.76. One-way ANOVA was performed, showing statistical signifi-

cance for the decline between T0 and T12 (p = 0.04).

Table 1.

Baseline Characteristics CNI (50) Belatacept (55)*

Sex (female), count, % 11 22 16 29.1

Age (y), (mean, range) 57.5 23-82 56.8 28-81

Time from Tx (from tx to baseline) (months), 

mean, range

26.6 3-60 27.7 4-60

Dialysis vintage (months), (median, P25-P75) 11 0-23 10 0-25

GFR (ml/m/1.73m2), (SD) 61.4 18.3 52.4 14.2

Tacrolimus-trough-level (ng/mL, SD**) 5.7 1.7 5.7 1.8

Diabetes (count, %) 8 16 13 23.6

Table 1. Baseline-characteristics. Patients converted to belatacept had significantly low-

er GFR compared to control group. * At baseline, all patients used CNI. ** For those on 

tacrolimus. CsA = 1 in belatacept, 3 in CNI. Tx = transplantation
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Next, we evaluated whether conversion to belatacept influenced this de-

cline. Figure 1B shows TTV-levels at the same three time-points, for CNI and 

belatacept-converted patients respectively. The change in TTV-log in the CNI 

group proves to be the largest, with an average decline between T0 and T12 of 

4.15 log to 3.53 log (p = 0.03), while for those randomized to belatacept it is only 

decreased from 4.30 log to 3.96 log (p = 0.21). It is of note to realize that before 

randomization, all patients were still on CNI at T0. In both groups, there was a 

decline in the first interval after randomization, from 4.15 log to 3.77 log in the 

CNI-group, and from 4.30 log to 3.84 log in the belatacept-group. In the second 

interval, only the CNI-group patients declined further (from 3.77 log to 3.53 log), 

while such a further decline was not observed and even reversed in belatacept-

patients (3.84 log to 3.96 log). The difference between the average decline in 

TTV-log between both study groups was itself not significant (p = 0.33).

Baseline TTV-levels associate with time after transplantation in 
both groups

Next, we considered the influence of time after transplantation on TTV-levels 

at baseline (T0). We ranked the patients according to time after transplantation 

and calculated the P25, P50 (median) and P75, being 13 months, 22 months and 

44 months after transplantation, respectively. Figure 2A shows the TTV-levels 

at baseline of those randomized before and after the median time after trans-

plantation. The average TTV-load of the earlier period is 4.67 log, while those 

in the later period had an average TTV-level of 3.79 log (p = 0.003). Figure 2B 

shows the same comparisons for the earliest quartile (p25) vs the latest (P75), 

Figure 1.

A. Scatter-plots of measurements at three time points, with error bars for mean with SD. 

ANOVA shows a significant decline of the average TTV-level over time. B. Continuation of 

CNI shows sustained lowering of TTV-levels, not seen after conversion to belatacept. * P 

< 0.05, n.s. = non-significant. 
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also at baseline: 4.82 log vs 3.45 log (p = 0.004). In figure 2C, we depicted the 

average TTV-log at baseline and after randomization at T6 and T12. In patients 

converted early and randomized to continue using CNI, we saw that the average 

TTV log declined from 4.68 log to 3.68 log after 12 months (p = 0.009), while 

the equivalent change for patients that were randomized to belatacept was 4.66 

log to 4.42 log (p = 0.51). For patients converted late, we saw non-significant 

changes in TTV-Log for both CNI (3.62 log to 3.38 log, p = 0.54) and belatacept 

(3.94 log to 3.52 log, p = 0.24). 

Next, we investigated whether other variables such as age, trough level of ta-

crolimus, renal function and dialysis vintage correlate with TTV-log. We ranked 

all patients and determined P25, median and P75 of the above-mentioned pa-

rameters. The results are illustrated in figures 3 and 4. Figure 3A shows a com-

parison of patients of which trough levels at baseline were under (Low TAC) or 

above (High TAC) the median trough level (5.4 ng/mL). A standard T-test shows 

that that there is a slight non-significant difference in TTV-level. However, the 

patients on a high TAC-trough-level in the CNI-group had their TTV-levels re-

gress, while those that converted to belatacept did not. (Figure 4A, right panel. 

CNI-group from 4.43 log to 3.38 log, p = 0.01; Belatacept-group from 4.28 log 

to 4.14 log, p = 0.69). The equivalent non-significant changes in those with low 

TAC-levels are seen in the left panel (CNI-group 3.97 log to 3.73 log; Belatacept-

group 4.21 log to 3.79 log).

Figure 2. 

A, B. Standard T-tests show significantly higher mean TTV-levels for those converted 

early after transplantation. C. Significantly higher TTV-levels at baseline compared to T12 

for both study groups, but TTV declines after randomization only in control group. One 

way ANOVA, * P < 0.05, ** P < 0.01. 

TTV-decline is associated with tacrolimus-trough-level and age in the control group, but 

not with renal function or dialysis vintage, and not in those converted to Belatacept. 
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The median age of patients at randomization was 57 years old. To assess the im-

pact of age, we analysed TTV-levels of those older and younger than the median. 

For those in the older age group, the baseline TTV-level is roughly the same as 

for younger patients (figure 3B). As in patients with low tacrolimus-trough-level, 

the left panel in figure 4B shows that younger patients have a non-significant 

change in TTV-level, whether they were converted to belatacept or continue us-

ing CNI. However, the decline in TTV-log was significant in older patients in the 

CNI-group, but not for those converted to belatacept (CNI: 4.14 log to 3.17 log, p 

= 0.01. Belatacept: 4.33 log to 3.91 log, p = 0.27) (right panel in figure 4B).

Figure 3C shows that those with an eGFR above the median eGFR (52 ml/

min/1.73m2) have a slightly higher TTV-level than those with lower eGFR, though 

the difference is not significant. In 4C, no difference was observed for the ef-

fects of conversion versus continuation of CNI in either those with higher or 

lower eGFR. Neither effect was seen in comparison of those with eGFR under 

P25 with those with an eGFR above P75 (data not shown).

Furthermore, we looked at dialysis vintage (DV). Thirteen patients in the CNI-

group and 15 patients in the belatacept-group were transplanted pre-emptively. 

The median dialysis exposure for all patients was 11 months. The fourth inter-

quartile range for dialysis vintage (P75) was 24 months and longer. Figure 5A 

and 5B show the TTV-levels at baseline for those with either short DV (< median) 

vs long DV (>median), and those transplanted pre-emptively versus those with 

DV above the P75. None of those comparisons show any significant difference 

Figure 3. 

A. Standard t-tests show no difference in TTV-log between those under or over the me-

dian tacrolimus-trough-level, or (B) age, or (C) GFR.
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to the comparator. Figure 6A and 6B show the TTV-levels over time after ran-

domization. The course after conversion shows no discrepancy with that of the 

CNI-group.

Lastly, we performed multiple regression analysis to predict change in TTV-

load, from age, TAC-trough-level, use of belatacept, time after transplantation 

and initial TTV load. The model was statistically significant (p < 0.01) but none 

other than BL-load contributed significantly to the model (Confidence interval 

running through zero for all other coefficients ‘B’ in supplemental table 1). 

Figure 4. 

A. One-way ANOVA shows that the ‘natural’ decline in TTV-levels as seen in control group 

is mitigated by conversion to belatacept in those with higher tacrolimus trough levels, 

and in (B) older patients. C. No influence of conversion is seen in those with higher or 

lower GFR. * P < 0,05

Figure 5. 

Dialysis Vintage (DV). A. T-tests show no difference in TTV-level between those with DV 

greater or smaller than the median, nor in those (B) with very long DV compared to those 

that were transplanted pre-emptively. 
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Four participants in this study experienced an episode of biopsy proven acute 

rejection (BPAR) of their kidney allograft during the course of the study. Three 

of these patients were in the belatacept-group. They were randomized after 4, 

9 and 12 months after transplantation. One patient was in the CNI-group, ran-

domized 7 months after transplantation. All patients were successfully treated 

with pulse-courses of steroids. Unfortunately, no data were collected on the 

timing of BPAR or the steroid course relative to the measurement of TTV-levels. 

Supplemental figure 1 shows the TTV-levels of those with BPAR. 

DISCUSSION

In this study, we measured TTV levels to explore its potential use as a tool to 

facilitate prescribing immunosuppressive drugs in KTR. Our paper is the first 

report on TTV-levels in patients that were randomized from calcineurin inhibi-

tion to belatacept. It offers a straight comparison between a CNI-based regi-

men (mostly on TAC) and belatacept-based therapy of this evolving biomarker 

of immunity. 

Regular course of TTV-levels after transplantation

Before discussing our results, it is imperative to consider that previous litera-

ture shows that the immediate TTV-response after induction-therapy is in fact 

a drop to levels below those before transplantation. This is true for patients 

treated with both T-cell-depleting agents as with IL2R-i. After thirty days, 

TTV-levels rise to pre-transplant levels (24), and subsequently increase before 

reaching their peak after more than two months after transplantation (25). The 

dynamic of TTV-levels in the very early phase is explained by the assumption 

that lymphocytes are the most important reservoir for the virus, and the fall and 

Figure 6 

A) �Change in TTV-levels is equal among patients with shorter, or longer (B) dialysis-lon-

gevity.
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rise in TTV-levels are paralleled by total lymphocyte count (24). Only after this 

early period consideration of the use of TTV-levels as a marker of immunity is 

warranted.

We have measured an average decline of TTV-levels in our patients from 4.23 log 

to 3.76 log. In comparison to other studies, the absolute values seem quite low. 

Other studies in transplantation have focused on the capabilities of TTV to pre-

dict infection and/or rejection. These studies compared pre-transplant-levels 

with TTV-levels after transplantation. For example, Solis et al. showed that TTV 

rose by 2.0 log three months after kidney transplantation (26). The average TTV-

level in plasma (66 patients) at that time was around 6.6 log. After 24 months, it 

was still above 4.5 log. Van Rijn et al. tested a much larger cohort, in which the 

highest mean TTV-level was 7.4 log after three months after transplantation (12). 

An average of 5.2 log was measured at the end of their follow-up of 12 months. 

Of note, both these studies used the same lab-test as we did here (TTV R-gene® 

kit manufactured by Biomerieux Clinical Diagnostics (Marcy-l’Etoile, France)). In 

our study, only 11 patients were randomized within 6 months after transplanta-

tion. The average TTV-level of these patients was 6.1 log at baseline, which is 

comparable to the other studies. The large difference in the rest of the cohort 

is most likely attributable to the inclusion of more patients long after transplan-

tation, and indicates that the ‘down-trend’ of TTV-levels continues for a much 

longer time after transplantation, as reported by Roberto et al. (27).

Conversion to belatacept counteracts the fall of TTV-levels

The main finding of our study is that the fall of TTV-levels observed in the CNI-

group over time is not seen in patients converted to belatacept. While TTV 

load went down at every interval in the CNI-group, reflecting the dynamics of 

TTV in the aforementioned studies, it went slightly up in the second interval in 

the belatacept-group, while the change in the first interval is already less pro-

nounced. Our results seem comparable to those in a recent cohort-study by 

Cabezas et al.; it showed TTV-load after conversion from CNI to Belatacept in 

a cohort of KTR, after roughly 4 years after transplantation (28). In that study, 

despite the rise 12 months after conversion being unsignificant, all TTV-levels 

after conversion (4.4 Log, 4.0 Log, 4.2 Log after 3, 6 and 12 months) were higher 

than those at baseline (3.8 Log). The uptrend that we report here in randomized 

patients is contrary to our expectation that belatacept, as a possibly less potent 

immunosuppressant, would indirectly suppress TTV-replication. Because of the 

randomization, the difference is most likely to pertain to the conversion itself. 

While it could also be due to an indirect effect of the conversion, like rejection, 

the total incidence of BPAR is too low to explain the mitigation. 
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Although belatacept has long been associated with viral disease, not much is 

known about the exact mechanism by which belatacept suppresses anti-viral 

host responses. In 19 patients converted from CNI to belatacept because of 

CNI-intolerance, antiviral response was measured by analysis of EBV-and-CMV-

specific cytokine-secreting T-cells. No difference with the CNI-group was found 

(29). In another experiment, Kühne et al. stimulated PBMCs from healthy donors 

and KTRs with CMV, EBV and influenza (CEF)-derived peptides and measured 

the CD8+-T-cell response. Production of neither IFN-γ, interleukin (IL)-2 or IL-10 

were influenced by belatacept when compared to healthy donors (30). In con-

trast, CNI did suppress production of these cytokines. Both observations do not 

explain the increased burden due to viral disease recognized in patient care. For 

instance, enhanced risk of post-transplant lymphoma (PTLD) in patients sero-

negative for the Epstein Barr virus (EBV) was noted, leading to a warning by the 

manufacturer to use belatacept in EBV-positive patients only (31). Severity of 

BK-virus-nephropathy and CMV-disease was higher in belatacept-treated KTRs 

than in those treated with sirolimus (32). It is possible that CD28-positivity of T-

cells plays a role in the anti-viral response of belatacept. Older patients gradu-

ally lose CD28-positive CD8+-T-cells (33). The result is a CD8+-T-cell-repertoire 

that is relatively CMV-competent, and less responsive to belatacept-therapy 

(also proposed as a partial explanation for the enhanced risk of rejection due to 

belatacept (34, 35)). To our knowledge, no studies have specifically investigated 

the antiviral immune response against TTV. 

Data on co-stimulation blockers and TTV-levels in other settings are scarce. 

Martin-Lopez et al. investigated TTV-levels in patients with rheumatoid ar-

thritis (36). They showed that patients on abatacept, a subcutaneous variant 

inhibitor of the CD80/86-CD28-costimulatory pathway have higher TTV loads 

than patients on methotrexate and leflunomide. Another report compared the 

TTV-response after various immunosuppressive interventions to TTV-level at 

baseline, and found the effect of abatacept to be significantly greater compared 

to tocilizumab and infliximab, but much less than that of rituximab, a B-cell de-

pleting agent (37). 

Other findings on TTV-levels after conversion

Another interesting finding in our study was the difference in effect of conver-

sion on TTV-levels between those with higher and lower TAC-trough levels 

(figure 4A, D). The finding that the fall of TTV levels in the control group is only 

seen in those with higher trough-levels and not in others could suggest that the 

induced change in strength of immunity is larger in those on high trough-levels. 

Unfortunately, we did not collect trough-levels at later intervals. But, assuming 

that tacrolimus-dosage is generally reduced longer after transplantation, this 
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finding could mean that tacrolimus-trough-levels influence TTV-replication. 

This hypothesis is corroborated by a recent report by Regele et al., which shows 

that a reduction in TTV-levels is seen approximately 60 days after a reduction of 

tacrolimus (38). 

We also found that TTV-levels in the CNI-group mitigated over time in older pa-

tients, but not in the young, and not in those converted to belatacept. This indi-

cates a differential effect of belatacept on older patients than younger, possibly 

related to T-cell-variability induced by belatacept. We were not able to find a 

difference between older and younger patients in our study at baseline, contrary 

to an earlier study that did find TTV-levels to be higher in the elderly (39). 

Notable difference in GFR

Baseline eGFR was lower in belatacept-converted patients than in the CNI-

group (table 1). Block-randomization, as used in the SMR-2729-study (19), is 

associated with enhanced predictability in un-blinded studies (40). It is hard to 

imagine that this explanation caused the quite large difference we observed. 

However, since all our patients were included from two randomized studies we 

have not been able to provide any satisfactory other reason. Hemodialysis (HD)-

patients in India and Italy were tested for TTV-DNA-presence and compared 

to healthy blood donors (41, 42). The results showed higher prevalence in HD 

patients (83% resp 41.7%) compared to controls (43% resp 10.7%) Conversely, 

in a small cohort of peritoneal dialysis patients from Turkey, no difference in 

TTV-levels were seen compared to healthy controls (43). In 136 liver transplant 

recipients, no correlation was seen between renal function and TTV-presence 

(44). Furthermore, our own analysis revealed no influence of dialysis vintage on 

TTV. On this basis we think that the small, but significant difference in eGFR in 

our study is unlikely to have had any impact on our results. 

Limitations to our study are the slight variation in background immunosup-

pressive regimens of patients in our study, and the lack of specific data around 

episodes of rejection. The CNI used was mostly TAC, but 4 patients used CsA. 

Four patients used m-TOR-i instead of MMF. M-TOR-i use is associated with 

enhanced anti-viral immunity against BK compared to MMF (45) and CNI (46). 

Because of that, we would have had to make separate analyses if the m-TOR-i-

cohort had been larger. However, since our main interest was comparison of CNI 

to belatacept we decided to include samples of all randomized patients in this 

study. 

In conclusion, this analysis adds data on belatacept to the body of literature 

concerning the use of TTV as a biomarker of immunocompetence. Contrary to 
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what we had expected, conversion to belatacept did not result in a decrease 

of TTV-levels over time compared to CNI. This could point to an enhanced im-

munosuppressive effect of belatacept over CNI. However, larger studies, with 

more homogeneity in background immunosuppressive therapy and detailed 

follow-up of rejections is needed to fully corroborate that effect. Also, although 

we think the difference in GFR would have had little effect on TTV levels, most 

belatacept-studies show improved renal function, and it would be interesting to 

see if our findings can be confirmed in other randomized patients, either retro-

spectively or in a new trial. We affirmed earlier observations that found an im-

portant decline in TTV-levels over time after transplantation. In further studies 

on TTV as a biomarker of immunity after transplantation, it is essential that the 

effect of time after transplantation on TTV-levels is appreciated in the design.
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Supplemental figure 1. Spaghetti-plot of TTV-levels of patients with rejection. 
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ABSTRACT

Calcineurin inhibitors (CNI) have been the drug of choice in kidney transplanta-

tion since their introduction. However, their side-effects comprise hypertension, 

diabetes and nephrotoxicity. Endothelial dysfunction (ED) has been proposed as 

a key mechanism underlying these adverse effects. Belatacept, a costimulation 

blocker, may offer a more favorable vascular profile.

In the present study, we investigated markers of endothelial function in blood 

samples from kidney transplant recipients (KTR) that participated in two 

randomized clinical conversion trials from CNI (control group) to belatacept 

(intervention group). In a broad range of experiments, we assessed established 

markers of ED including soluble thrombomodulin, P-selectin and angiopoietin 

1 and 2 in plasma samples of patients before and after conversion. In addition, 

we assessed expression levels of micro-RNAs, which have been identified as 

discriminative markers for ED, rejection and renal fibrosis in the setting of trans-

plantation. Lastly, we used patient samples and CNI-dilution series in a validated 

model of ED in which changes in a large set of morphological characteristics of 

endothelial cells were evaluated.

In contrast to our hypothesis, we did not find any significant differences in our 

assays between the intervention-and control-groups. We did observe dose-

related effects of CNI on endothelial cell (EC) morphology upon direct exposure 

of EC to tacrolimus and ciclosporin A, but a similar effect was not seen when 

plasma samples of KTR who were converted to belatacept were compared with 

samples from KTR on CNI’s. In conclusion, we found no significant effect of 

conversion on established biomarkers of endothelial toxicity in patients using 

CNI or belatacept. These data suggest that CNI-side-effects bundled under the 

term ‘CNI-toxicity’ are not derived from a significant clinical effect of CNI on 

endothelial function.
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INTRODUCTION

Regimens containing a calcineurin inhibitor (CNI) are used by most recipients 

of solid organ transplantation [1]. Their introduction in the late seventies has 

led to significant decrease in rejection rates and improved graft survival. Since 

their introduction, standard regimens have been periodically changed, and now 

typically consist of tacrolimus (TAC) or sometimes ciclosporin A (CsA), together 

with Mycophenolic acid (MMF) or a mammalian target of Rapamune inhibitor 

(mTORi) for patients with low immunological risk. For those with higher risk, 

steroids are advised [2].

An alternative to CNI-based regimens is available in the form of belatacept, 

which is a co-stimulation blocker, designed by coupling the extracellular part 

of cytotoxic T-lymphocyte antigen 4 (CTLA4) to the Fc-chain of IgG. In the past 

fifteen years, various clinical studies with belatacept have shown that it carries 

a relatively high risk of rejection in the first year after transplantation, but a 

clear benefit for renal function, with glomerular filtration rate (GFR) consistently 

higher when compared to patients on CNI’s in the majority of conversion-trials 

[3-5]. Because of this, most centers that use belatacept introduce it later after 

transplantation, or only prescribe it to patients that have severe CNI-related 

toxicity [6, 7].

Notoriously, CNI affect GFR, as well as a number of long-term risk factors for 

kidney function decline such as diabetes, dyslipidemia and hypertension [8-10]. 

The nephrotoxic effects are mostly easily recognizable for transplant physicians 

as a negative effect that introduction or dose-increment of CNI’s exerts on GFR. 

More broadly, patients experiencing CNI-toxicity have a clinical presentation 

that includes declining GFR, hypertension and hyperkalemia. However recog-

nizable, not much is known about the actual mechanisms through which CNI’s 

exert their toxicity. Endothelial dysfunction (ED) is often implied, based on data 

from preclinical studies. Specifically, CsA induces acute efferent arteriolar 

vasoconstriction due to disturbance of the balancing effects of endothelium-

relaxing factor (NOS) and prostaglandin E2 on the vasodilating side and en-

dothelin-1 (ET-1) and thromboxane on the other [11-13]. Similar effects on ET-1 

production and release by CsA have been described for TAC [14]. The finding 

of consistently lower blood pressures and reduced arterial stiffness are clinical 

indications of ED being favorably influenced by conversion to belatacept [15-

18]. Wang e.a. have shown an improvement of several measures of ED and renal 

hemodynamics in a rat model of diabetic nephropathy, indicating a direct effect 

of CTLA-Ig on renal parenchyma [19]. Besides a direct effect it is assumed that 

part of any conversion effect is due to discontinuation of CNI and its associated 
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vaso-constriction [20]. Histologic features of the effect of CNI’s on the micro-

vasculature can be observed after prolonged use and include arterial hyalinosis, 

interstitial fibrosis and tubular atrophy [21]. However, those features are not at 

all unique for CNI-exposure. Specifically, chronic rejection, caused by anti-HLA-

antibodies (ABMR) can cause similar features, and face the physician with a 

clinical dilemma: does the graft suffer more from CNI-exposure, or from ABMR, 

for which CNI still is the cornerstone of therapy, despite its toxicity [22]. 

At the Leiden University Medical Center (LUMC), we have participated in two 

randomized controlled trials (RCT) exploring the effect on cardiovascular risk 

factors and renal function after conversion from CNI to belatacept [5, 15]. Both 

studies had similar in- and exclusion criteria and follow up, providing a chance 

to investigate features of ED in kidney transplant recipients (KTR) converted to 

belatacept and weaned off CNI. We hypothesized that patients converted to 

belatacept would exhibit changes indicating an improvement in ED associated 

with CNI, and we expected those changes to be early reflections of the clinical 

benefit that belatacept-treated patients have shown in previous trials in terms 

of renal function and metabolic health. To that purpose, we used blood samples 

of patients participating in either of the two conversion trials, and compared 

samples before and after conversion. Samples of these patients were used to 

perform a broad investigation of markers of endothelial function, ranging from 

established biomarkers as angiotensin I and II (Ang-1/Ang-2), soluble thrombo-

modulin (s-TM) and P-selectin (P-sel), to an exploratory investigation of micro-

RNA’s previously associated with ED, renal fibrosis and restoration of kidney 

function after kidney transplantation. Furthermore, we explored the effects of 

different concentrations of calcineurin inhibitors on cultured endothelial cells, 

as well as the effects of plasma samples from participants on an innovative en-

dothelial cell morphological profiling assay. This assay was previously validated 

in our hospital in a cohort of patients with cirrhosis, and in other conditions as-

sociated with microvascular disease [23]. This study could provide insight into 

the reversibility of early ED, and contribute to our knowledge of mechanistic 

differences between belatacept and CNI. 

MATERIALS AND METHODS

Plasma samples of KTR’s of both RCT’s (EudraCT no. 2013-001178-20 (SMR-

2729) and NCT01820572 (IM103-116)) stored at the Leiden University Medical 

Centre were used for this study. . Both studies involved KTR’s that were random-

ized to convert from standard immune suppression with CNI (93% had TAC, 7% 

CsA) to belatacept, or to continue with CNI. The inclusion- and exclusion cri-
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teria, follow-up and background immunosuppression were very similar in both 

studies [5, 15]. The standard regimens in all participating centers consisted of 

prednisone (5 mg standard-dose) and MMF. Blood samples were collected im-

mediately before and at 12 months after randomization, and stored at 80° Cel-

sius. Informed consent was provided upon participation in the respective trials. 

Measurement of biomarkers of vascular function

Plasma was isolated from 5 mL of patient-derived venous blood after being 

freshly drawn into EDTA-coated vacutainers and mixed carefully head-to-head 

to ensure proper exposure of the blood to the EDTA. Subsequently, samples 

were centrifuged at room temperature at 150 g for 15 minutes. Platelet-rich 

plasma (PRP) was isolated and centrifuged again at 2000 g for 10 minutes. Ali-

quots of 500 μL plasma were transferred into freezer tubes and stored at -80˚C. 

Serum was collected by allowing full blood to coagulate for 30 minutes. The 

supernatant was then centrifuged at 4 ˚C at 2000 g for 10 minutes. After that, 

samples were similarly stored in aliquots at -80˚C.

For this study, plasma was defrosted and levels of Ang-2, P-sel and s-TM were 

determined using Enzyme-Linked Immunosorbent Assay (ELISA) according to 

manufacturers’ protocol (R&D Systems, Minneapolis, MN, USA; catalog number 

DANG20, DPSE00, DTHBD0). For measurement of Ang-1, serum was used (R&D 

Systems, Minneapolis, MN, USA; catalog number DANG10).

Extraction, profiling and measurement of micro-RNA’s.

A total of 200 μL of plasma was spiked with 5 fmol of synthetic, exogenous C. 

elegans miR-238 as a technical control (Biolegio, Nijmegen, The Netherlands) 

and mixed with 800 μL of Trizol LS reagent (Invitrogen, Breda, The Netherlands). 

Total RNA was then isolated using the RNeasy Micro Kit (Qiagen, Venlo, The 

Netherlands) with a modified protocol. Chloroform was added to the plasma/

Trizol LS mixture, followed by centrifugation for 15 min at 12000 rpm. For ex-

traction of RNA, further centrifugation and washing steps were performed. 

After extraction, reverse transcription of total RNA was performed using the 

micro-RNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, 

USA). C-DNA was subsequently pre-amplified using Megaplex PreAmp primer 

pools A V2.1 (Applied Biosystems) according to the manufacturer’s instructions. 

The resulting DNA was then loaded onto custom-made Megaplex cards to de-

termine the expression profile of a selected set of micro-RNA’s in serum, with 

RNU44, RNU48 and U6 serving as controls. These Megaplex arrays were run 

and analyzed on a 7900HT Fast Real-Time PCR System (Applied Biosystems).
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Ct values for designated micro-RNA’s were normalized to the median expression 

of Micro-RNA of each megaplex-plate. Expression of individual micro-RNA-

levels was presented as fold changes compared to one index case at baseline, 

using the standard ΔΔCt method. The methods for extraction, profiling and 

measurement of micro-RNA’s were similar to the protocol used by Bijkerk e.a. 

[24]. 

Selection of micro-RNA’s

Table 1 gives an overview of the selected Micro-RNA, as well as the biological 

function with which it is implicated, as well as a literature reference if avail-

able. We chose micro-RNA’s associated with AD, allograft dysfunction or CNI-

toxicity, with a preference for those we found to be discriminative for diabetes 

and restoration of renal function after transplantation. For capacity reasons, we 

selected 20 micro-RNA’s. 

Endothelial Cell Morphology Assay

The endothelial cell morphological profiling assay has been described previ-

ously [23, 37]. In short, human umbilical vein endothelial cells (HUVEC) were ob-

tained and cultured as described previously [23]. Low-passage HUVECs were 

thawed and cultured in endothelial cell growth medium 2 (EGM-2) (PromoCell 

C-22111) supplemented with 1% Penicillin/Streptomycin (Gibco 15070-063) in a 

gelatin (1% in PBS, Merck; 104078) coated T75 flask for 3 days. Cells (20.000/

well) were then seeded in a gelatin coated 96-wells plate (PerkinElmer Pheno-

Plate, 6055300) 4 days prior to the experiment. 

Two experiments were performed using this assay; 1: CNI titration series, and 2: 

patient-derived plasma exposure. 

Morphological responses to different concentrations of CNI were investigated 

for CsA (Neoral®, Novartis Pharma bv, Switzerland) and TAC (Prograft®, Astellas 

Table 1. Selected micro-RNA’s

Micro-RNA Biological process Reference

MiR92a, MiR210, MiR30c, Mi-

R27a, MiR126, MiR130b, MiR132, 

MiR200c, MiR320, MiR340, 

MiR660

Endothelial dysfunction, renal fibrosis, 

restoration of renal function.

[25-31]

MiR199a-3p, MiR214, MiR21, 

MiR150, MiR155, MiR192, 

MiR200b, MiR142-5p

CNI-toxicity, allograft dysfunction [32-35]

MiR16 Renal fibrosis [36]
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Pharma bv, Japan). A titration series of 0 (zero), 5, 10, 20, 40, 80, 160, 320, 640, 

1280, 2560 and 5120 mcg/L (CsA) and 0, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256 and 

512 ng/mL (TAC) was performed in endothelial cell basal medium (PromoCell 

C-22111), supplemented with 5% healthy human serum. Both dilution series are 

compatible with blood-concentrations that represent subclinical, clinical, and 

toxic levels. The cultured endothelial cells were incubated with the different 

mixes for 18 hours, followed by immunofluorescent staining of the cells. 

Morphological responses to patient-derived plasma were investigated by ex-

posing cultured endothelial cells to plasma collected from patients treated in 

the LUMC in either of the two randomized trials. K2EDTA plasma was stabilized 

and recalcified by adding 0.5 µM recombinant Hirudin (ABCAM ab201396), 

25 µg/ml Corn trypsin inhibitor (HTI CTI-01), and 1.85 mM calcium-dichloride 

(CaCl2) (Merck 1.02381) to a K2EDTA plasma volume equaling 25% of the total 

volume. Endothelial cell basal medium (EBM) (PromoCell C-22211) containing 

1:100 insulin transferrin selenium supplement (ITS) (Gibco 41400) was added to 

obtain the final volume. The cultured endothelial cells were incubated with the 

different plasma mixes for 18 hours, followed by immunofluorescent staining of 

the cells. 

Cells were stained according to the previously published protocol, modified to 

include a staining for von Willebrand factor (vWF). Cells were incubated with Mi-

toTracker Deep Red FM (InVitrogen M22426) 1:2000 for 30 minutes, followed by 

incubation with 4% paraformaldehyde (Alfa Aesar J61899) for 10 minutes, and 

30 minute incubation with blocking buffer (2% (w/v) BSA + 0.5% Glycine (Merck 

1.04201) + 1% (v/v) Triton X-100 in PBS). Afterwards, wells were incubated with 

primary antibodies against VE-Cadherin (BD 555661, 2µg/ml) and vWF (DAKO 

a0082, 1:1000) in PBS with 2% BSA for one hour, followed by incubation with 488 

Alexa-fluorophore labeled Donkey anti-mouse antibody (Invitrogen A-11001, 2 

µg/ml), Qdot 625 labeled Goat anti-rabbit antibody (Invitrogen A-10194, 1:500), 

1:500 Rhodamine Phalloidin (Invitrogen R415), and 1:1000 HOECHST 33258 

(Molecular Probes) in 50mM Borate Buffer, pH=8.3 with 2% BSA + 0.05% glycine 

for one hour. Wells were washed with borate buffer, and stored under borate 

buffer for imaging. Max-projections of 9 z-steps with 0.7 µm step size were 

acquired using a high content confocal microscope (Molecular Devices, Imag-

eXpress™ Micro Confocal) at 20x magnification (Nikon Plan Apo Lambda; NA = 

0.75), using a 60µm pinhole. Six sites without overlap were imaged per well. 

For each image, a focus-score metric,  intensity sum, median, standard de-

viation, and the 0.01, 0.25, 0.75, 0.99 quantiles were computed. Results were 

plotted in histograms comprised of all images for a given channel to assess 
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outliers.  Visual inspection of outliers was performed to assess image qual-

ity before discarding. Images that contained artifacts (eg out-of-focus images, 

debris, clipping/saturation artifacts) were discarded. Sites that contained failed 

images in a single channel were discarded altogether. Following image qual-

ity control, images were corrected for uneven illumination and vignetting. For 

a description of the IF staining, imaging, image control, we refer to a previous 

publication [23].

Image Analysis

Single-cell morphological profiles were extracted from the images using R 

(version 4.1.1)[38], the R-package EBImage (version 4.29.2) [39], and in-house 

scripts. In short, individual nuclei were identified from Dapi-channel images 

and used as seeds to identify the cell borders using the VE-Cadherin signal. To 

filter out debris, upper and lower thresholds were applied for the nuclei size. R-

package EBImage “compute” functions were used to compute morphological 

features. Functions to extract distribution and colocalization were based on the 

procedure by Verbeek et al. [40].

Data Analysis

Data analysis concerning patient data was performed using R(V 4.1.1.) Quali-

tative data are described using frequencies and percentages. Quantitative 

variables are described using mean (standard deviation) or median (IQR) when 

appropriate. Comparisons between treatment groups were performed using 

ANOVA and student’s t-test for continuous variables. A  p-value < 0,05 was 

considered to be statistically significant. R-packages haven (V2.5.4), ggplot2 

(V3.5.1) and factoextra (V1.0.7) were used to perform principal component 

analysis (PCA) of micro-RNA’s. 

Data analysis of the morphological data was performed in Python version 3.7.6, 

using functions from the Scikit-learn package [41]. The approach was as follows: 

Z-score normalization was applied to the single-cell data of each plate dataset 

separately [37]. Afterwards, datasets were combined. Single-cell profiles were 

reduced in dimension by factor analysis [42], capturing about 80% of total 

variance, resulting in 18 factors. Mean profiles were created by averaging the 

cells for each patient/time point in the reduced subset. Resulting profiles were 

scaled to 0-mean and unit variance. These profiles were used for modelling the 

endothelial morphological response, either by principle component analysis, 

linear discriminant analysis, or 5-fold cross-validated support vector machine 

(SVM) with rbf-kernel. 
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Statistics for vascular markers and micro-RNA’s 

For analysis of markers of vascular function (concentrations in ng/ml, continu-

ous variables), we used Graphpad prism 10.2.3. We used a mixed-effects model 

for longitudinal analysis (baseline vs T12). Fisher’s LSD (least significant dif-

ference) was used for post hoc analysis. For between-group comparisons we 

performed unpaired t-tests. A p-value of < 0,05 was considered statistically 

significant. 

For micro-RNA’s, we calculated fold changes (FC) for each selected micro-RNA. 

We compared average FC per micro-RNA between baseline and T12 using 

unpaired two-sample t-tests when data were normally distributed. If not we 

performed Wilcoxon rank-sum-test. P-values were corrected for multiple test-

ing using the FDR-method. We made volcano plots to visualize effect size and 

significance. We performed principal component analysis to explore clustering 

patterns within micro-RNA-profiles. All analyses were done using R version 

4.3.2 (ggplot2, enhancedvolcano-packages).

RESULTS

Data collection and patient characteristics.

Samples of 100 patients from 4 different countries were used. From the Neth-

erlands, there were 29 patients from SMR-2729, and 10 from IM-103-116 [5, 15]. 

All other patients were recruited from SMR-2729 (20 from Denmark, 14 from 

Norway and 27 from Sweden). Patients were eligible for both studies after 3 

and 6 months respectively. Median time after transplantation at recruitment 

was 26 months. Patients in both studies were either randomized to convert 

to belatacept, at a dose of 5 mg/kg at day 1, 15, 29, 43, 57 and every 28th day 

thereafter, or to continue on CNI according to their local protocol. Data on 

traditional vascular markers Ang 1/2 , STM and P-selectin were obtained from 

all patients, at baseline (T0) and 12 months later (T12). The measurements were 

performed shortly after completion of the study in 2019. To perform the micro-

RNA-measurements, we used samples that had been stored for more than six 

years, and defrosted only after definite resolution of the COVID-19 pandemic. 

Unfortunately, at that time we found that some samples had lost their identi-

fication label. Therefore, we used only those samples of which the labels were 

readable, and of which one was available at baseline (before randomization) and 

one year after randomization (T12). After normalization of the micro-RNA-data, 

only samples with a cycle threshold of lower than 35 were used. In total, samples 

of 70 patients with measurements from at least two time-points were included. 
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For the cell-painting assays, we used only patient-samples from local (Leiden) 

patients that had participated in the RCT’s. From that group, we possessed 

samples collected at baseline, at 6 months after randomization and after one 

year (T0, T6, T12). Data from all 100 patients are depicted in table 2. Data from 

the smaller group of 70 (micro-RNA) and 39 (cell-painting) patients are avail-

able as supplemental tables S1 and S2. Of note, the patients in the control group 

of all cohorts had slightly better GFR despite randomization, whereas all other 

clinical characteristics were evenly distributed. 93,1% of patients used TAC be-

fore randomization (89,6% in control group, 96,3% in belatacept).

No significant change in traditional biomarkers of vascular 
health after conversion from tacrolimus to belatacept.

Figure 1a shows measurements for Ang-1 and Ang-2. The mean level of Ang-1 

at baseline was 7,4 ng/mL (7,9 ng/mL for CNI, 6,9 ng /mL for belatacept). After 

12 months after randomization, it was 7,9 ng/mL for CNI again, while it had in-

creased to 8,2 ng/mL in belatacept (p-value 0,18). For Ang-2, the average was 

2,7 ng/mL (in both groups). Twelve months later it remained at 2,9 ng/mL for 

both groups. Because Ang-1 and Ang-2 have opposing endothelial effects, the 

ratio of Ang-2 over Ang-1 is 

often used to indicate whether a change in concentration has a net activating 

(rise) or stabilizing (decline) effect on endothelial cells. In CNI-patients, the ratio 

of Ang-2 over Ang-1 (Ang-2/1) increased from 0,29 to 0,31 (p-value 0,63), while 

in belatacept it decreased from 0,32 to 0,29 (p 0.38) The p-value for the differ-

ence in Ang-2/1 ratio between CNI and belatacept was non-significant (Mann-

Whitney-test, p = 0,10).

Table 2. 

Baseline-characteristics for all patients

Variable CNI (48) Belatacept (52)

Age (mean, SEM) 57 (1,9) 57 (2,0)

Female sex (n,%) 11 (22%) 16 (29%)

LDL (mean, mmol/L, SEM) 2,7 (0,1) 2,7 (0,1)

Months since transplantation 26,6 (3) 27,7 (2)

Dialysis vintage in months 15,6 (3) 15,6 (2)

History of smoking 30 (60%) 24 (45%)

Diabetes 8 (16%) 13 (23%)

Systolic BP (mmHg) 134 136

Diastolic BP (mmHg) 82 83

eGFR (ml/min/1.73m2) 61 (2,8) 52 (2,0)

CsA before randomization 5 (10,4%) 2 (3,8%)
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In figure 1b, the values for s-TM are depicted. Average s-TM-concentration 

was 9,2 ng/mL at baseline and decreased to 8,7 ng/L after 12 months in CNI-

patients. For belatacept, the average concentration was 9,3 ng/mL, unchanged. 

For P-sel, the average concentration decreased from 32,0 to 29,4 ng/mL in 

CNI, and was stable in belatacept-patients (27,6 ng/mL to 27,9 ng/mL). When 

comparing the average change between groups, no difference for either s-TM or 

P-sel was observed after conversion.

Micro-RNA’s

To test if the conversion from tacrolimus to belatacept exerted relevant change 

on the expression of micro-RNA’s specifically selected for their discriminative 

properties regarding ED and association with (transplant)-renal function, we 

performed effect-size analysis of the fold change (FC) of micro-RNA’s. The 

results are visualized in a Volcano plot (figure 2a). The upper striped blue line 

represents a p-value of 0.05 after correction for multiple testing. It becomes 

clear from the picture that most micro-RNA’s are expressed in lower quantities 

after conversion to belatacept than when patients continued using CNI. Only 

three micro-RNA’s (MiR130b, MiR200c, and MiR200b) increase after conversion 

while the rest is expressed in lower quantities. However, the changers are small, 

and none of them are significant.

Figure 1. 

A. Levels of angiopoietin 1 and 2 B. Levels of soluble thrombomodulin C. Levels of P-se-

lectin. None of the markers show significant difference after conversion to belatacept. All 

values in ng/mL. Error bars signify mean +/- SEM.
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To visualize whether any clustering-patterns exist between inter-related micro-

RNA’s, we performed principal component (PC) analysis (PCA). This methods 

transforms multiple variables (the micro-RNA’s) into PC’s, thereby reducing 

complexity and enabling the discovery of associated variables. In supplemental 

figure 1, the result of the PCA is shown. No apparent clustering of micro-RNA’s 

is seen. Also, it confirms the lack of significant change after conversion, indi-

cated by the larger red (CNI) and blue (belatacept) centroid-dots in the middle 

of the ellipses indicating the averages of all micro-RNA’s, as well as by the low 

percentage of total variance explained by the main PC’s 1 (42.4%) and 2 (11.7%). 

Figure 2

Volcano-plot, showing Micro-RNA-fold-change after conversion. The blue line indicates 

significance (p-value corrected for multiple testing < 0.05). Blue dots represents micro-

RNA’s that rise after conversion to belatacept. Red dots represents a decrease in expres-

sion. MiR = micro-RNA.
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Cell-painting assay: the impact of ciclosporin A and tacrolimus 
on endothelial phenotype in vitro

We used linear discriminant analysis (LDA) to assess whether we were able to 

find a difference in the morphological response of endothelial monolayers on 

exposure to dose responses of CNI and TAC. It is essential to understand that 

LDA is a supervised analysis technique, where-as PCA is unsupervised. This 

means that in LDA-plots, the analysis uses knowledge of group levels (e.g. what 

CNI-experiment (TAC or CsA), what concentration) to find the combination of 

variables that best separates the groups. The larger the distance between two 

samples, the greater the accumulated difference in variables. Figure 3a shows 

the LDA-plot. On the right side of the picture, images from the experiment are 

shown. In the actual plot, blue dots represent the control-samples (no CNI). 

Those samples show endothelial cells in an quiescent state. The cell membranes 

(green) are broad, and have an intense fluorescence pattern. Stress fibers (yel-

low) are sparsely seen, and mitochondria (red) are interconnected and located 

perinuclearly. 

The middle of the plot shows a large cloud of samples representing different 

dilution samples in which higher concentration is visualized by larger dots. A 

clear gradual change is seen along the horizontal axis, where samples seem to 

follow a dose-related shift to the left side of the picture. Furthermore, the high-

est concentrations of both TAC and CsA are represented on the extreme lower 

and higher margin of the plot respectively. Both groups are clearly discernible 

from controls and samples. In the images from those patients, we clearly see 

changes in the cell membrane (less broad, loss of reticular ‘fishnet’ pattern). 

Besides, the mitochondria show fragmentation, where the interconnection is 

lost, and the mitochondria are less closely located to the nuclei. Stress fibers 

(F-actin) are seen more abundantly. In comparison to each other, the intensity 

of F-actin staining is more pronounced in the higher CsA-concentrations rela-

tive to TAC. All the mentioned changes are indicative of an activated state of 

endothelial cells.
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Next, we performed regression-fit-plotting to estimate CNI-concentration 

based on endothelial morphology. Predicted concentrations were derived 

from analysing endothelial cell features using leave-one-out cross validation. 

The model performed reasonably well for CsA (R2 = 0.72, MAE = 1.19 +/- 0.45). 

In figure 3b, the results of regression-fit-plotting for CsA are shown. For TAC, 

we performed the same analysis, which underperformed compared to CsA. 

(supplemental figure 2).

Patient samples

Cell-painting assay reveals endothelial changes not related to 

treatment

For the patient samples, we also used PCA to visualize patterns in the vari-

ables extracted from the cell-images. The results are portrayed in figure 4a. 

It shows all the samples, 4b and 4c show the groups. In all patients, we see a 

Figure 3.

A. Linear discriminant analysis of cell painting essays under different concentrations of 

CNI. Clear distinction of controls (light-blue oval) from high-dose (HD) CsA (dark-purple 

oval) and HD TAC (dark-blue oval). Green oval contains intermediate doses of both TAC 

and CsA. B. Regression-fit-plot for estimated vs true CsA-concentration.
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migration of the cluster of samples in time. Note that, in contrast to LDA, PCA 

is non-supervised, meaning it is blind to the group to which the patient-sample 

belongs. Despite this unsupervised approach, clustering of patients at baseline, 

at T6 and at T12 is clearly visible, both for belatacept-patients as for CNI (figure 

4b, c). In belatacept-patients, the separation between baseline (when CNI was 

still used by all patients) and T6 is more pronounced than between T6 and T12. 

In CNI-patients, the separation is maximal between T6 and T12.

We assembled receiver-operator curves (ROC) to evaluate if samples could be 

reliably classified to belatacept or control and to what time-point, on the basis 

of endothelial cell morphology (figure 4d, e, f). ROC’s correctly classify baseline-

patients from T12 patients for both belatacept and CNI. However, they do not 

reliably differentiate belatacept-patients from CNI-patients at month 12 (figure 

4f). This indicates that the distinction in endothelial cell morphology patterns 

Figure 4

A. PCA for patient samples. Rounds represent belatacept, crosses are controls (CNI). 

Symbol-size negatively correlates to time after randomization. B. Same, but only belata-

cept-patients are represented C. Same, but only CNI-patients are represented. D. ROC 

curves for cell-painting essays separate BL from T12 for belatacept. E. Same for CNI. 

F. ROC curves cannot distinguish endothelial cell morphology of belatacept vs CNI at 

month 12.
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that is recognized is associated with the factor ‘time after randomization, and 

not with the result of the randomization itself.

To provide more information on what features are important to separate the 

samples, we used unsupervised multivariate analysis (factor analysis, FA). 

Supplemental figure 3 shows a ranking of the factors identified, and the im-

portance of their contribution to the separation of samples. In factor analysis, 

the factors have no inherent meaning, but they are constructed from combina-

tions of measured variables that may or may not carry relevance. In our analysis, 

fifteen factors are identified, of which factor 6, containing information on vWF 

and mitochondria. Since none of the factors were significantly associated to the 

conversion in drug-regimen we did not further explore this finding.

DISCUSSION

In this study, we investigated the effects of a conversion from CNI to belatacept 

on endothelial dysfunction in KTR’s. Our most striking conclusion is that we 

found no significant change in ED in any of the biomarkers we explored. Nei-

ther traditional biomarkers of vascular function, nor micro-RNA’s, nor our novel 

‘cell-painting’ assay showed any marked change in patients on belatacept when 

compared to patients that continued to use CNI. 

We had expected our current study to show a decrease in Ang-2/1 ratio, in-

dicative of improved endothelial function. The angiopoietin system involves two 

antagonizing components: Ang-1 is secreted by pericytes underlying the endo-

thelium, binding to it through its Tie-2-receptor (Tie-2R). Ang-2 is released from 

Weibel-Palade bodies in conditions like sepsis. Ang-1 promotes vessel integrity, 

while Ang-2 expels Ang-1 from Tie-2R, stimulating detachment of endothelial 

cells from pericytes and promoting vascular leakage. In transplantation, early 

skewing of the angiopoietin system towards Ang-2 after ischemia-reperfusion 

injury (IR/I) is a predictor of pericyte loss and capillary rarefaction [43, 44]. 

Previous work from our own lab proved Ang-2/1 disturbances after simultane-

ous pancreas-after-kidney transplantation (SPK) and kidney-rejection [24, 45]. 

Furthermore, TAC is associated with suppression of Ang-1 in vitro, while Ang-

2-upregulation is also implied in TAC-associated hypertension [20, 46]. How-

ever, we found no change in Ang-1, nor Ang-2, and only a small non-significant 

decrease in Ang-2/1. 

We also investigated the effect of conversion on s-TM and P-sel. S-TM is shed 

from endothelial cells after inflammatory injury. Previous work from our lab 
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identified s-TM to be increased in kidney failure. However, it was reversed after 

transplantation and restoration of renal function, only to rise again in those pa-

tients developing interstitial fibrosis and tubular atrophy [47]. Since IF/TA is one 

of the features of CNI-toxicity in renal transplant-biopsies we had hypothesized 

that s-TM would possibly be decreased in belatacept-patients. However, we did 

not see such difference. The same result, no difference was found for P-sel, a 

thrombocyte-derived marker of endothelial activation [48] and ED, and the 

third traditional biomarker studied [24, 43, 49-51]. Besides the obvious conclu-

sion that belatacept does nothing to change the concentration of these agents, 

it is also possible that any effect that would have occurred was missed due to 

suboptimal timing of sampling, as changes in concentrations are thought to be 

dynamic, and may not be preserved after 6 or 12 months [24, 45]. However, the 

ratio of Ang-2/1 did remain elevated in another experiment by our lab, one year 

after kidney-graft-rejection [24]. Of note, in that study, the mean eGFR in those 

that had rejection was 11 ml/m/1.73m2 lower than in those with stable GFR. In 

our study, baseline-eGFR of those on belatacept was significantly lower than in 

controls, and no difference in eGFR was observed after a year of follow-up in the 

SMR-2729, from which the majority of our samples were obtained [15]. 

We found no effect of conversion on micro-RNA-expression either. We had se-

lected 20 micro-RNA’s that were previously associated with ED, kidney fibrosis 

and restoration of kidney function after kidney transplantation [25-36]. We had 

expected several of those to be differentially expressed after conversion to 

belatacept. Previous literature, including our own showed excellent biomarker-

potential of micro-RNA’s like miR126 and miR132 in transplantation-settings of 

IR/I, rejection and graft dysfunction [24, 28, 34]. Others, like miR21, miR214 and 

miR199a have been suggested to play a role in CNI-related toxicity [32]. Howev-

er, our results lack any discriminative effect of conversion on a single micro-RNA 

selected. Neal e.a. previously showed the total concentration of micro-RNA’s to 

be lower in patients with severe CKD. In this regard, we have to consider again 

that the belatacept-group had lower GFR, and a lower total amount of RNA may 

have made it harder to detect a change in concentration, despite the fact that 

most of our patients had renal function in the CKD-3-range, where Neal showed 

the most relevant differences in CKD 4 and 5 [36]. 

We saw that almost all micro-RNA’s except three were downregulated after 

belatacept-conversion. Although the lower expression itself did not reach sig-

nificance from any individual micro-RNA, we must consider some explanations 

for overall-lower expression of genetic material. One is subclinical viral infec-

tion, as some viral infections are known to interfere with mRNA-transcription 

through inhibition and degradation of RNA-polymerase II [52, 53]. We have 
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previously shown Torque Teno Virus (TTV) concentrations to be higher in 

belatacept-treated patients [54]. Secondly, since micro-RNA’s are shed from 

vesicles that originate from circulating cells, lower numbers of circulating cells 

may also be implicated. We have previously shown that conversion to belata-

cept is associated with lower numbers of T-cells, B-cells and some subclasses 

of monocytes [55]. 

In our dilution-series cell-painting experiments, we showed dose-dependent 

effects of CNI on endothelial cell morphology. Gradual loss of VE-cadherin-

staining and the appearance of F-actin stress fibers under influence of CsA have 

been shown before in cultured pulmonary endothelial cells, albeit in concentra-

tions 200-20000 times the highest concentration in our study [56]. Effects on 

EC-mitochondria have also been described, but are somehow two-pronged. 

Calcineurin is essential for the translocation of dynamin-related protein-1 (DRP1) 

to mitochondria and its activation by dephosphorylation. When activated, DRP-1 

causes mitochondrial fragmentation and ultimately cell death. Both CsA and 

TAC revert this process, protecting against mitochondrial dysfunction [57]. On 

the other hand, calcineurin inhibition causes mitochondrial accumulation of 

calcium, and the ensuing result is the production of toxic reactive oxygen spe-

cies [58, 59]. In the literature, more examples of this protective effect of CNI can 

be found. For instance, CNI have an attenuating effect on ED after brain death 

in a pig model, and earlier studies have shown protection against IR/I-induced 

ED in multiple animal models (although clinical studies did not corroborate the 

results in humans) [60-63]. 

In our last experiment, we used the cell painting model to test the effect of 

patient plasma samples on endothelial cell morphology. As such, we could 

compare the differential effects of belatacept, - and CNI-treatment, incorporat-

ing the effects of comorbidities such as age, diabetes and CKD. Although we 

did see endothelial morphology change after six and twelve months, we did not 

see a treatment effect, as the cell changes were observed in both groups, and 

the belatacept-samples did not show reversal of toxicity. Of note, the dose-

response curve of CNI with endothelial changes seems to be stronger for CsA 

than for TAC in the dilution-series experiment (fig 3b). Most patients (over 90%) 

represented in the samples used TAC, in ‘low’ (trough-level 3-7) doses. Not 

finding a treatment effect might reflect the fact that such a dose is below the 

toxic threshold for endothelial (renal) cells. So, although our results suggest a 

clear toxic effect of increasing doses of both CsA and TAC on endothelial cell 

structure in vitro, it is clear that this model of ED was not significantly influenced 

by the presence of serum derived from patients on belatacept or CNI, indicating 

that clinically-relevant ED depends on other comorbidities and possibly dose. 
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For more than a decade now, belatacept has provided an alternative immuno-

suppressive option for KTR’s that experience CNI-related toxicity, associated 

with improvement in eGFR and cardiovascular risk. A possible mechanistic ex-

planation is that belatacept results in less ED when compared to CNI. Processes 

in which ED plays a role are known to show their clinical detrimental effects 

years after early ED is established, and that is why we had hypothesized to find 

early changes in markers of ED [64]. To our knowledge, this study is the first 

attempt at comparing features of ED in KTR’s randomized to belatacept. A 

major strength of our approach is the fact that our samples are taken from in-

ternational RCT’s, and that the patients reflect current international standards 

of using ‘low-dose’ CNI, (more than 90% TAC). A limitation is the unfortunate 

loss of samples we had to endure. Also, in interpreting the results, one has to 

remember that almost 90% of the samples were derived from patients from the 

SMR-2729-study [15]. This study, besides a small trial by de Graav e.a. is the 

only ‘negative’ (conversion had no significant beneficial effect on eGFR) study 

on belatacept-conversion ever published [65]. Although the patients in this 

trial were randomized, the intervention group had worse renal function before 

randomization. We can only speculate whether these features have influenced 

the results of our study, i.e. whether belatacept truly has a negligible effect on 

CNI-associated ED after kidney transplantation. 

In conclusion, we have investigated whether a conversion of immunosup-

pressive regimen resulted in early changes in features of ED in KTR, and saw 

surprisingly little difference between patients on CNI and those converted to 

belatacept. Thus, we have not been able to find support for the hypothesis that 

conversion to belatacept to alleviate CNI-toxicity in KTR’s acts can be explained 

by a mitigation of endothelial dysfunction. 
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Supplemental table 2. Baseline characteristics of patients participating in cell-painting 

essay.

Variable CNI (18) Belatacept (21)

Age (mean, SEM) 59 (2,6) 58 (3,6

Female sex (n,%) 6 (33%) 9 (43%)

LDL (mean, mmol/L, SEM) 2,8 (0,3) 3,0 (0,2)

Months since transplantation 31 (5) 35 (3)

Dialysis vintage in months 19 (6) 18 (6)

History of smoking 11 (61%) 10 (48%)

Diabetes 3 (17%) 8 (38%)

Systolic BP (mmHg) 142 (5) 133 (4)

Diastolic BP (mmHg) 84 (2) 78 (2)

eGFR (ml/min/1.73m2) 56 (4) 47 (3)

Supplemental table 1. Baseline characteristics of patients in micro-RNA-experiments

Variable CNI (39) Belatacept (31)

Age (mean, SEM) 57 (2,1) 55 (2,8)

Female sex (n,%) 10 (26%) 10 (32%)

LDL (mean, mmol/L, SEM) 2,7 (0,2) 2,7 (0,2)

Months since transplantation 29 (3) 33 (3)

Dialysis vintage in months 14 (3) 14 (3)

History of smoking 24 (62%) 14 (45%)

Diabetes 6 (15%) 5 (16%)

Systolic BP (mmHg) 135 (3) 134 (2)

Diastolic BP (mmHg) 82 (2) 81 (2)

eGFR (ml/min/1.73m2) 58 (3,2) 52 (2,7)
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Supplemental figure 1. Principal component analysis. The average change in micro-

RNA-expression after conversion to belatacept (blue centroid) does not differ from con-

trols (red centroid). 
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Supplemental figure 2. Regression-fit-plot for estimated vs true TAC-concentration.
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Supplemental Figure 3. Factor analysis reveals that factor 6 (containing information on 

vWf and mitochondriae) shows the greatest variation in endothelial cell patterns of KTR. 
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SUMMARY

In the present thesis, differences between belatacept and calcineurin inhibitors 

(CNI) in kidney transplantation regarding their effect on cardiovascular and im-

munologic parameters were explored, to help define the place of belatacept in 

current practice. To achieve this, data derived from two randomized controlled 

trials (RCT’s) that compared kidney-transplant recipients (KTR) before and after 

conversion from CNI to belatacept were used. Our findings aimed to provide 

much-needed information about the clinical utility of belatacept implementing 

clinical, immunological and vascular effects. 

In chapter 2, we describe the results of an RCT on conversion from CNI to be-

latacept. In a collaboration with researchers from hospitals in Sweden, Norway 

and Denmark we compared the 7-year risk of developing an endpoint defined 

within ‘MACE’ (Major Adverse Cardiovascular Endpoint) or all-cause mortality, 

using a cardiovascular risk-calculator [1]. In 105 patients that were followed-up 

for one year, we found no difference in the risk-calculation between patients that 

were converted to belatacept, when compared to patients that remained on a 

CNI-based regimen. Likewise, we also failed to demonstrate a significant effect 

of conversion on any of three individual components of the calculator: LDL-

cholesterol, renal function and diabetes-risk. A small improvement in diastolic 

blood pressure was observed in belatacept patients. These data provided some 

contrast with results of previous trials, in which an improvement in renal func-

tion was invariably found [2-4]. Possible explanations discussed in the article 

are underpowering, a somewhat skewed distribution of GFR between the two 

randomized groups and a selection bias favouring patients not suffering from 

CNI-side-effects. However, our findings indirectly support existing guidelines 

regarding the dosing of tacrolimus (TAC) in transplantation, as these modern 

doses are probably less toxic than previous CNI-based regimens. 

At the time patients were randomized and treated in the trial described in 

chapter 2, the LUMC was involved in a second international RCT with a compa-

rable design [4]. In-and exclusion-criteria were largely the same, although the 

endpoints were different. However, the follow-up in the first year was so similar, 

that it facilitated us to create a larger, homogeneous patient cohort of which the 

samples could be used for the other research in this thesis. 
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With the expanded data, we explored whether conversion from CNI to belata-

cept resulted in alteration of the presence and phenotypic profile of circulating 

monocytes and lymphocytes, to assess differences in cardiovascular risk as well 

as immunologic action. We hypothesized that belatacept would result in a de-

crease and a phenotypic change in circulating cells, indicative of a less inflam-

matory phenotype. We identified a significant change in a monocyte-subset 

that is only scarcely described in other literature [5]. In patients converted to 

belatacept, this cell-type, which is negative for cell-marker CD14 decreased 

in the circulation while its concentration stayed constant in the CNI-group. In 

belatacept-treated patients, we saw a parallel decrease in T-lymphocytes, B-

lymphocytes and TNF-alfa, with all these changes showing significant correla-

tion in a regression model. On the basis of our findings, we propose a model in 

which CD14NM, this subset of monocytes behave as an antigen-presenting cell 

(APC) facilitating proliferation of T-cells and B-cells. In this model, belatacept 

negatively influences the terminal conversion of CD14-positive monocytes into 

CD14NM. This effect would then lead to downstream suppression of T-cell-dif-

ferentiation and proliferation, as well as T-cell mediated stimulation of B-cells. 

These results are described in detail in chapter 3 [6].

Although belatacept is associated with rejection, especially in the first year 

after transplantation, multiple studies and pre-clinical research have also in-

dicated that belatacept-treated patients have a decreased likelihood to form 

donor-specific anti-HLA-antibodies (DSA) compared to both ciclosporin A 

(CsA) as TAC [4, 7, 8]. Also, since the introduction of belatacept, a caution for 

EBV-associated lymphoproliferative disease is given to physicians prescribing 

belatacept to EBV-seronegative transplant recipients. These observations point 

to a somewhat paradoxical effect of belatacept regarding its immunosuppres-

sive strength. There is an urgent need of biomarkers that reliably indicate if 

immunosuppression in an individual patient is either suboptimal, with the risk 

of rejection, or conversely dosed too high, with a risk of infections and cancer. 

 Torque Teno Virus (TTV) is a non-pathogenic anellovirus that can serve as a 

marker of immunogenic strength: present in high concentrations in plasma 

when the host is immunocompromised, and lower when immunity is stronger [9]. 

We measured the copy number of this virus in samples taken before and after 

conversion from CNI to belatacept. We found that TTV continually decreases in 

concentration after transplantation, but that this decline is negated in patients 

converted to belatacept. It indicates that belatacept, though associated with 

more rejections in the first year after transplantation, is not necessarily weaker 

in its immunosuppressive effect. These findings can be found in chapter 4 [10].
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In chapter 5, we set out to compare parameters of endothelial dysfunction (ED) 

in patients converted to belatacept with patients that maintained on a CNI-

based immunosuppressive regimen. For that purpose, traditional and novel 

biomarkers to explore ED in KTR’s after conversion were measured. We used 

several different markers, to explore the hypothesis that belatacept improved 

ED compared to CNI. Traditional markers, like angiopoietins, P-selectin and 

Soluble thrombomodulin were investigated. Twenty micro-RNA’s associated 

with ED, renal fibrosis, CNI-toxicity and allograft dysfunction, including miR21, 

miR126, miR155 and miR132 were selected, again hypothesizing that these 

markers would be influenced by the conversion in immunosuppression [11-14]. 

Lastly, we employed a novel method, called ‘cell-painting’ to study ED. This es-

say uses human umbilical vein endothelial cells (HUVEC) that are cultured, and 

in which stainings are performed to visualize cellular components, like cell wall, 

mitochondria, nuclei and stress fibres. Images of these cells are then acquired 

using a high content confocal microscope, and after that they are subjected to 

computational analysis of features [15]. In our study, we subjected these cells 

to patient sera, and to dilution series of CNI. To our surprise, we found no ef-

fect of the conversion from CNI to belatacept in either the traditional methods 

or the micro-RNA’s, nor with the cell-painting-assay. The essay did corroborate 

earlier findings on the effect of CNI on ED, particularly in high doses, and more 

outspoken for CsA than for TAC. These observations suggest that CNI-toxicity 

as encountered in clinical practice is not a problem singularly caused by an 

influence of CNI on endothelial cells, although the design of the study might 

have been suboptimal to include the patients most heavily affected by it. Sec-

ondly, our dilution-series experiments emphasize that assumed knowledge 

on toxicities of CNI is quite often derived from studies that investigate CNI in 

doses incomparably higher than used in practice [16]. In addition to the results 

of chapter 2, the lack of a clear effect of CNI on ED in these broad experiments 

indirectly lends credence to the contemporary practice of subscribing low-dose 

TAC in renal transplantation.
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DISCUSSION

In this thesis, we investigated the effect of conversion from CNI to belatacept on 

a multitude of different aspects; ranging from kidney function and risk factors 

for cardiovascular disease, to quantitative effects on cell populations involved 

in inflammation, effects on viral replication of TTV as marker of immune status 

and effects on biomarkers of microvascular health. When the trial underlying 

the results in this thesis was designed, the hypothesis was that belatacept 

would exert a significant effect on parameters of cardiovascular health as well 

on the risk factors associated with it such as renal function and ED. Instead, we 

found an effect on the phenotypic composition of monocyte subsets leading us 

to propose a potential carry-over effect to lymphocytes (Chapter 3). The effect 

of conversion on vascular biomarkers was limited to a subtle influence on blood 

pressure (chapters 2 & 5). The effects of belatacept on TTV-replication were 

contrary to our expectations (chapter 4). The question is how to interpret these 

results. 

The most striking observation in the studies presented in this thesis was the ab-

sence of significant improvements in any of the parameters of vascular health 

in patients that were converted from a CNI to a belatacept-based immune sup-

pressive regime. It is important to note that our study-design, with the limited 

follow-up of 1 year and no comparison of biopsies does not allow us to draw 

conclusions regarding chronic CNI-toxicity to endothelial cells. However, the 

results of chapter 5 make it doubtful whether an acute endothelial toxicity of 

TAC is of any clinical importance, contrary to the hypotheses in this thesis, and 

possibly contrary to long-held beliefs in the transplant community. A couple of 

limitations need to be considered at this point. 

First of all, a selection bias is probably present in any conversion trial that in-

vestigates toxicity of the comparator drug. Namely, in any conversion trial (in 

contrast to trials where the study drug is introduced immediately after trans-

plantation), patients experiencing severe side effects of CNI might already have 

been excluded from participation, while any patient converting to belatacept 

would have their first exposure to belatacept in the trial. As such, the full extent 

of side effects of CNI is likely to have been diluted in a conversion trial. In choos-

ing this design, we have probably missed patients with the most pronounced 

manifestations of acute CNI-toxicity. It is well known that a creatinine-rise is 

frequently observed after introduction of calcineurin inhibitors. The reversibility 

of it after dose-adjustment, as well as the directness of both the effect and its 

recovery after dose-adjustment or discontinuation, together with the known 

effects of CNI on a factor like ET-1 all suggested to us that the vascular endothe-



137

Summary, general discussion and future perspective for belatacept

  6

lium is affected by acute CNI-toxicity. Possibly, patients most targeted by such 

proposed ‘acute endothelial toxicity’ were left out of our trials by design. We did 

not investigate other cells implicated in microvascular function, like vascular 

smooth muscle cells (VSMC’s), or pericytes. Effects of CsA on pericytes (brain 

pericytes) have been studied, but involved supra-pharmacological concentra-

tions amounting to 6 mg/L, fifty times the trough level used in patients [17]. One 

of the explanations for a lack of effect on endothelial cell parameters was that 

many studies on CNI-toxicity have used doses that do not relate to those used 

in clinical medicine [16]. Studies involving CNI-effect on VSMC’s have to our 

knowledge never been performed, either in vitro or clinically. 

Secondly, the method of randomization used in the trial in chapter 2 might have 

contributed to the uneven distribution of renal function over the intervention 

group and the controls. That imbalance in renal function might have influenced 

the results of our trial, as discussed in the respective chapters. To explain that 

we have to emphasize that the trial design in chapter 2 was one of single-blind 

randomization, as were all belatacept-trials (no trial was ever done with sham 

infusions in the CNI arm). However, ours additionally used block-randomization, 

of 10-patient-blocks of 5 slots for each arm. Although many centres were par-

ticipating in the trial, not all centres were constantly recruiting patients in the 

period between 2015 and 2018 (partly due to drug-scarcity in certain periods). In 

fact, in some periods, just one or two centres were actively recruiting, and that 

information was known to the researchers. For that reason, it is conceivable that 

the block-design might have contributed to uneven distribution of renal func-

tion between study arms. For example, a local researcher, knowing that three 

slots for belatacept had already been filled in the current block, might have 

been influenced to not include a patient with low GFR in the study, for fear of 

his patient to have to continue on CNI. Although it remains speculative whether 

block-randomization was indeed the underlying cause of the uneven distribu-

tion of GFR in our study, some literature exists to support the concept of uneven 

distribution by block-randomization [18]. 

Lastly, the magnitude of the effect of conversion to belatacept on kidney func-

tion deserves some discussion. First, we should emphasize at this point that 

the power calculation underlying the inclusion of approximately 110 patients 

into the trial in chapter 2 was based upon the primary endpoint in that study, 

the CV-risk-calculator. The cardiovascular risk was expected to decline by 30% 

through conversion, and that expectation was based on a calculated risk reduc-

tion for MACE of 31.2% in the BENEFIT, and 40% in the BENEFIT-EXT-study [19]. 

However, the corresponding changes in eGFR in assuming that reduction were 

never realized in conversion from TAC to belatacept. Recent studies have re-
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vealed that the improvement of eGFR upon conversion from TAC to belatacept 

was smaller than in the earlier conversion from CsA to belatacept. The larg-

est such study included 447 patients, of which 80% used TAC. The difference 

in eGFR two years after conversion was 5.7 ml/m/1.73m2 after one year, 7 ml/

min/1.73m2 after two [4]. Another conversion study randomized 173 patients 

including 56% on TAC. There, an improvement in eGFR of 5.7 ml/m/1.73m2 was 

noted after three years [3]. These studies were not all available at the time we 

designed the trial in chapter 2, where we based our expectations mainly on the 

CsA-conversions in the BENEFIT-trials. Those showed improvements of ap-

proximately 13 (1 year) to 20 ml/min/1.73m2 (after 7 years) for the conversion of 

CsA to belatacept, in spite of the initially increased chances of rejection [8]. In 

conclusion, an improvement in renal function is also proven for conversion from 

TAC, but the magnitude of the effect was much lower than for CsA. Despite the 

mentioned explanations, we were still surprised to find no improvement in GFR 

in our study, since it is the first study on conversion from CNI to belatacept ever 

published that did not show that. As explained above, since the power calcula-

tion was based on an overestimation of the decline in cardiovascular risk, an 

element of underpowering regarding the effect on renal function might also be 

responsible. Other findings in this thesis merit mentioning as well. First of all, we 

again corroborated the higher incidence of rejection for belatacept compared 

to TAC in chapter 2. However, all rejections fell into the group of patients con-

verted within one year after transplantation. This finding matches the reports 

by Adams, Budde et al., indicating that rejection under belatacept-based triple 

therapy mainly occurs in the first year after transplantation [4, 20]. Possibly, 

the strength of the immune system of patients after kidney transplantation is 

still recovering after that period, consistent with our findings on TTV-titers de-

scribed in chapter 4. There, we found that time after transplantation negatively 

correlates with TTV-load, and that this load is decreasing even after years after 

transplantation. In that same chapter, we also found that belatacept seems 

to mitigate the downward trend of the TTV-load. In the future, a low TTV-load 

might become one of the parameters on which to base decisions regarding im-

munosuppressive drug prescription. 

Finally, in chapter 2 we found that conversion to belatacept led to slightly more 

side-effects, including UTI’s and upper respiratory infections. We did not see any 

opportunistic infections, or cancer. There is no consensus in the transplant com-

munity regarding the risk of getting opportunistic infections after conversion to 

belatacept. Recently, a French study described the outcomes after conversion 

from TAC to belatacept of 311 patients, and compared these to a matched co-

hort where CNI was continued [21]. CMV was noted slightly more often, but the 

difference was not significant. No difference was seen for other opportunistic 
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infections. Another French study found that the risk of opportunistic infections 

after conversion was inversely related to eGFR [22]. In chapter 3, we reported 

that treatment with belatacept leads to a decrease in numbers of circulating T-

cells, B-cells and CD14NM. Although this effect should be corroborated in larger 

trials, it sounds reasonable to hypothesize that a partial depletion of immune 

cells can increase the chance of opportunistic infection in KTR’s.

CURRENT AND FUTURE INDICATIONS FOR 

BELATACEPT.

Considering the multitude of factors discussed above, the question arises if 

and when belatacept should be used as an immune-suppressive drug in kidney 

transplant recipients. In our opinion, TAC should still be considered the back-

bone of standard immunosuppression in kidney transplantation, as it has been 

for almost two decades now. For those patients that experience side effects, 

including acute nephrotoxicity, thrombotic micro-angiopathy, post-transplant 

diabetes or biopsy-proven signs of toxicity, we believe belatacept is a viable op-

tion, but with consideration of some criteria. Most importantly, we do not advo-

cate conversion to belatacept within the first year of transplantation when side 

effects of TAC are not clearly present. From the first year after transplantation 

onwards, the higher chance of rejection is most probably mitigated efficiently, 

whereupon conversion can be considered. A gradual introduction such as the 

scheme described by researchers from Emory University in Atlanta is a useful 

consideration [20] . Second of all, we do not consider belatacept to be a less po-

tent immunosuppressive option. For patients particularly at risk for opportunis-

tic infections or cancer, conversion should only be considered in circumstances 

where continuation of TAC is reasonably contra-indicated. EBV-seropositivity is 

a requirement for all potential conversion candidates. Importantly, belatacept is 

always to be combined with other immunosuppressive drugs. By and large, the 

other drugs in the regimen are low-dose prednisone and MMF, as in this thesis. 

When considering a conversion, the physician should consider whether his 

patient can start to use or continue to use MMF. For that reason, there should 

be some hesitance in giving belatacept to patients with a GFR under 25 ml/

min/1.73m2, as metabolites of MMF can accumulate with declining renal func-

tion and possibly increased risk of adverse effects [23].

At this point, roughly 15 years after the introduction of belatacept in clini-

cal transplantation it is also worthwhile to consider current developments in 

transplantation, especially in the field of co-stimulatory drug development. Be-

latacept continues to be an interesting option because of its capacity to block 
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development of DSA’s. However, its intravenous use is an issue that complicates 

its broad uptake. Despite efforts to develop a subcutaneous method of admin-

istration, that development seems to be halted for belatacept (clinicaltrials.

gov NCT00569803). Other drugs possibly provide more promising options in 

the near future. Interestingly, abatacept, a CTLA4-pathway blocker similar to 

belatacept, was used instead of belatacept in 176 patients during the COVID-19 

pandemic, to make sure patients would not have to visit the hospital in that pe-

riod. In contrast to belatacept, abatacept can be used subcutaneously, facilitat-

ing patients to self-isolate during the pandemic. In this pragmatic real-life ex-

periment, 171 patients (97.2%) survived with a functioning graft for three months. 

Two patients died, and three patients lost their graft. Those three already had 

severe graft dysfunction at the time of conversion to belatacept. Since there was 

no control group, no hard conclusion can be made, but the authors themselves 

interpreted these results to generally indicate safety and feasibility of using 

abatacept in KTR’s [24]. Despite the fact that abatacept is as old as belatacept 

with a much lower affinity for CD86 and thus a less potent CD28-blockade, 

other small reports are available that could favour future use of this subcutane-

ous CTLA4-Ig-agonist [25]. The field of xeno-transplantation has accelerated 

the development of newer co-stimulatory options. Tegoprubart, an antagonist 

to CD40-ligand in the CD40-CD40L-pathway was used in the early reports on 

porcine kidney transplantation into a human recipient, and it was also used in 

porcine heart transplantation [26, 27]. Of note, the heart-transplantation case 

was complicated by humoral rejection despite T-cell depletion, complement 

blockade and tegoprubart. A phase II study that compares its use to tacrolimus 

is currently underway (Clinicaltrials.gov ID NCT05983770) and results are ex-

pected in the near future. Frexalimab is an anti-CD40L antibody also blocking 

the CD40-CD40L-costimulatory pathway. It is currently being investigated in 

auto-immune diseases like multiple sclerosis and SLE [28]. Since its mecha-

nism is similar to tegoprubart, trials in kidney transplant recipients could be on 

the horizon, whereas its subcutaneous administration is an important upside, 

facilitating the future clinical implementation of frexalimab. VEL-101 targets 

CD28 directly, without suppressing signals down-stream from CTLA4. This 

potentially leaves the proliferation of regulatory T-cells intact, providing a prom-

ising mix of potent suppression of immunity against donor-derived cells and an-

tigens, while maintaining anti-infectious immunity more or less intact. A study 

in non-human primates showed prevention of allo-immunization in combination 

with tacrolimus. However, without it, half the animal subjects developed graft 

rejection [29]. Other drugs involving costimulatory pathways are reviewed by 

Yakubu et al [30]. 
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In diagnostics, the last decade has seen increased interest in recognizing early 

manifestations of allo-recognition of the graft by the recipient immune system. 

It is now commonplace to periodically screen for the presence of DSA’s. A grow-

ing number of transplant centres screen additionally for donor-derived cell-free 

DNA (dd-cf-DNA), a marker of graft injury which provides additional value in 

assessing potential antibody-mediated rejection on top of DSA-detection [31]. 

Possibly, combining data derived from these parameters can guide indications 

for biopsy or a switch in immunosuppression. A couple of years ago, the iBox-

score was developed, which combines clinical, histological and immunological 

data to help predict graft longevity [32]. Furthermore, evaluation of graft bi-

opsies will increasingly be supplemented with modern diagnostic techniques. 

More specifically, classic histology and immune-fluorescence will be supple-

mented by molecular genetic methods and single cell proteomics that can help 

recognize early patterns of rejection and possibly drug-toxicity.

Thes next generation of co-stimulation-blockers, including tegoprubart, frex-

alimab and VEL-101 will hopefully find its way to clinical use through high-level 

randomized controlled trials, against the current gold-standard, which is still 

tacrolimus. The approach we followed in this thesis to elucidate mechanistic 

differences between belatacept and CNI can be expanded in future studies to 

acquire more detailed knowledge into the mechanisms behind co-stimulation 

blockade. However, that research, though urgently needed to understand why 

belatacept affects cell differentiation and the formation of DSA, will probably 

not all be performed with belatacept, but with these newer agents as the inter-

vention. Such research should be combined with novel markers of allo-immu-

nity, such as dd-cf-DNA and composite prognostic models like the iBox-score. 

When biopsies are performed, differences in long-term nephrotoxicity between 

co-stimulation blockers and tacrolimus can also be revealed. A focus on the dif-

ferential effect of both drugs on other cells like VSMC’s and pericytes can give 

insight into the contribution of these cells to endothelial dysfunction. These tri-

als are warranted, because a significant proportion of patients treated with TAC 

still face side-effects for which co-stimulation can be a viable alternative. By 

comparing co-stimulators to TAC, using the approach in this thesis, we can not 

only learn more about the newest generation of costimulatory drugs, but also 

expand our knowledge on a key drug we have been using for over two decades. 

That way, we can use the expanding spectrum of immunosuppressive drugs in 

renal transplantation wisely, and maximize both patient perspectives, and the 

utilization of health care resources.
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NEDERLANDSE SAMENVATTING

In de wereld van orgaantransplantatie wordt voortdurend gezocht naar nieuwe 

geneesmiddelen (immuunsuppressiva), met betere werking tegen afstoting en 

minder bijwerkingen. Die bijwerkingen zijn gevoeligheid voor infecties, en kan-

ker, maar daar komt nog bij dat de standaardbehandeling met calcineurinerem-

mers de kans op hoge bloeddruk, nierfalen en diabetes verhoogt. Die aandoe-

ningen vormen nu juist de reden dat veel patiënten uberhaupt een nieuwe nier 

nodig hebben. Daardoor ontstaat de paradox dat de sterkste medicijnen tegen 

afstoting zelf ook nierschade geven. Deze middelen hebben de uitkomsten van 

niertransplantatie gunstig beinvloed, maar kunnen tegelijkertijd de nierfunctie 

op de lange termijn verslechteren en bijdragen aan cardiovasculaire complica-

ties. Een illustratie van deze toxiciteit is dat ontvangers van een transplantaat 

anders dan de nier, zoals een long, hart of lever, 20% kans hebben om nierfalen 

te ontwikkelen. Tegen deze achtergrond wordt er voortdurend gezocht naar 

minder toxische alternatieven. Belatacept is zo’n alternatief: een immuunsup-

pressivum zonder directe nefrotoxische effecten dat in vroege studies werd ge-

associeerd met een betere nierfunctie en een gunstiger cardiovasculair risico-

profiel. Kanttekening is het feit dat er wel een fors verhoogde kans op afstoting 

lijkt te bestaan, zeker vroeg na transplantatie. In deze context ontstond het idee 

voor het wetenschappelijk onderzoek dat ten grondslag ligt aan dit proefschrift: 

het vergelijken van de effecten van klassieke calcineurine-remmers met het 

‘nieuwe’ belatacept op een aantal domeinen waarop immuunsuppressie invloed 

heeft: de immunologie, hart- en bloedvaten, en de gevoeligheid voor infectie. En 

dat in een vertraagde setting: pas minimaal 3 maanden na transplantatie. De 

hypothese was dat belatacept positief uit die vergelijking zou komen. 

In hoofdstuk 2 wordt een grote internationale studie beschreven waarin 

niertransplantatie-patiënten werden vervolgd voor wie door middel van loting 

(randomiseren) werd bepaald of ze hun calcineurineremmer bleven gebruiken, 

of werden omgezet naar belatacept. De uitkomstmaat van deze studie was 

een toen net ontwikkelde risico-calculator die voor transplantatie-patiënten 

specifiek het risico op hart- en vaatziekten kon schatten. De hypothese achter 

die studie was dat overstappen op belatacept dat risico zou verlagen. Echter, 

na een jaar follow-up bleek er geen verschil in het berekende risico tussen beide 

groepen. Ook afzonderlijke componenten van deze risicoschatting, zoals hoogte 

van het cholesterol, nierfunctie en het risico op diabetes, verschilden niet we-

zenlijk. Wel werd bij patiënten die belatacept gebruikten een lichte verbetering 

van de bloeddruk waargenomen. Deze uitkomsten stonden  haaks op eerdere 

studies, waarin steeds een verbetering van de nierfunctie werd gevonden, als-

mede een duidelijke verbetering van risicofactoren voor hart- en vaatziekten. 
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In het hoofdstuk worden verschillende mogelijke verklaringen aangedragen om 

te verklaren waarom dit verschil nu zo klein was. Een van die verklaringen komt 

voort uit het feit dat je een klein verschil in risico statistisch alleen kan aantonen 

in een grote groep patiënten. Omdat het verschil in risico in dit experiment on-

verwachts klein bleek, was de onderzoeksgroep in retrospect te klein gekozen. 

Een andere verklaring ligt mogelijk in het feit dat de patiënten die belatacept 

kregen een slechtere nierfunctie hadden voor de omzetting, dan de mensen die 

doorgingen met calcineurineremmer. Tenslotte zou er sprake kunnen zijn van 

het ‘uitselecteren’ van patiënten die de grootste last hebben van bijwerkingen 

van calcineurineremmers, mogelijk al vóór deelname. De conclusie van dit 

hoofdstuk is dus verrassend, maar vormt wel ondersteuning voor de huidige 

klinische praktijk, waarin lagere doseringen tacrolimus worden voorgeschreven 

dan in het verleden.

Het LUMC participeerde in dezelfde periode ook in een tweede internationale 

studie met een vergelijkbaar ontwerp. Het was daarom mogelijk om het pati-

ëntencohort uit hoofdstuk 2 uit te breiden met een aantal patiënten die volgens 

dezelfde manier waren gerandomiseerd. Dit maakte het mogelijk om in de 

daaropvolgende hoofdstukken met een grotere groep patiënten onderzoek 

te doen naar secundaire effecten van het veranderen van immuunsuppres-

sie. In hoofdstuk 3 werd onderzocht of belatacept leidt tot veranderingen in 

aantallen en kenmerken van in het bloed circulerende ontstekingscellen, met 

name monocyten, T-lymfocyten en B-lymfocyten. De hypothese was hier dat 

belatacept zou leiden tot een minder inflammatoir profiel van deze circulerende 

witte bloedcellen. In deze studie werd een specifieke subpopulatie van cellen 

(CD14NM, monocyten zonder het oppervlakte-eiwit CD14) geïdentificeerd, die 

niet of nauwelijks eerder werd beschreven. Deze CD14NM namen af bij pati-

ënten die belatacept gebruikten, terwijl ze stabiel bleven bij patiënten op die 

calcineurineremmers doorgebruikten. Tegelijkertijd daalden de aantallen T- en 

B-lymfocyten, evenals de concentratie van de ontstekingsmarker TNF-alfa. Op 

basis van deze bevindingen wordt een theoretisch model voorgesteld waarin 

belatacept ingrijpt op de ontwikkeling van monocyten en daarmee indirect de 

activatie van het  immuunsysteem remt. Dit model biedt een kader om de im-

munologische effecten van belatacept beter te begrijpen.

Van belatacept is een ogenschijnlijk paradoxaal effect bekend: het wordt geas-

socieerd met een hogere kans op afstoting in het eerste jaar na transplantatie, 

terwijl transplantatie-patiënten die ermee worden behandeld minder vaak 

antistoffen tegen hun donor vormen (DSA’s: donor-specifieke antistoffen) dan 

patiënten die worden behandeld met CNI. Belatacept zou dus tegelijkertijd als 

‘zwakker’ danwel ‘sterker’ immuunsuppressivum kunnen worden beschouwd. In 
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hoofdstuk 4 wordt onderzocht of middels meting van TTV (Torque Teno Virus) 

inzicht kan worden verkregen in deze paradox. TTV is een niet-ziekmakend virus 

waarvan de hoeveelheid in het bloed een weerspiegeling kan zijn voor de mate 

van immuunsuppressie. Er zijn verschillende studies gedaan die suggereren 

dat TTV meebeweegt op de kracht van ons immuunsysteem: het zit in hoge 

concentraties in het bloed van ouderen, en mensen die bijvoorbeeld een long-

transplantatie hebben gehad, en het is relatief laag als het immuunsysteem (te) 

sterk is, zoals bij afstoting van een orgaan. In hoofdstuk 4 blijkt dat TTV-niveaus 

na transplantatie geleidelijk afnemen, maar dat deze daling wordt afgeremd bij 

patiënten die worden behandeld met belatacept. Dit suggereert dat belatacept 

niet per definitie een zwakkere vorm van immuunsuppressie is, ondanks het 

hogere risico op vroege afstoting. 

In hoofdstuk 5 wordt onderzocht of belatacept minder toxisch is voor endo-

theelcellen als dat aangenomen wordt van calcineurineremmers. Endotheel-

cellen vormen de binnenste belijning van (microscopisch kleine) bloedvaatjes. 

Endotheeldysfunctie (ED) is een belangrijke vroege stap in het ontstaan van 

cardiovasculaire ziekte. ED werd op verschillende manieren gemeten, middels 

‘klassieke’ biomarkers, alsook door het vergelijken van micro-RNA-profielen 

en een innovatieve setting waarbij endotheelcellen in het laboratorium worden 

blootgesteld aan verschillende stimuli, en waarbij de morfologische reactie van 

deze cellen kan worden geobserveerd. Deze techniek wordt ‘cell-painting’ ge-

noemd. In geen van de genoemde experimenten werd een duidelijk voordeel van 

belatacept ten opzichte van calcineurineremmers gevonden. Wel bevestigde 

het onderzoek dat hoge doseringen calcineurineremmers schadelijk zijn voor 

endotheelcellen, vooral in het geval van ciclosporine. Deze bevindingen sug-

gereren dat de endotheeltoxiciteit van calcineurineremmers bij de lage dose-

ringen die tegenwoordig worden gebruikt, klinisch minder relevant is dan vaak 

wordt aangenomen, danwel dat de toxiciteit niet optreedt via een effect op deze 

cellen, maar op andere componenten van de bloedbaan. Die conclusie sluit aan 

op de bevindingen van hoofdstuk 2. 

Samenvattend lijkt belatacept ten opzichte van CNI weinig duidelijke voordelen 

te laten zien op het gebied van cardiovasculaire gezondheid of endotheel

functie. De meest opvallende effecten liggen op immunologisch niveau, met 

veranderingen in specifieke celpopulaties en virale markers. Verschillende me-

thodologische beperkingen, zoals selectie van relatief stabiele patiënten en de 

korte follow-up, kunnen hebben bijgedragen aan het uitblijven van de verwachte 

gunstige effecten. Tegelijkertijd kunnen de resultaten ook positief worden ge-

ïnterpreteerd: de huidige klinische praktijk waarin lage doseringen tacrolimus 

worden gebruikt, lijkt de nadelige effecten van calcineurineremmers in belang-
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rijke mate te hebben beperkt. Dit uiteraard met opnieuw de kanttekening, dat 

het onderzoek alleen is uitgevoerd bij die patiënten die calcineurineremmers 

goed verdragen. 

In de toekomst zal het gebruik van belatacept waarschijnlijk vooral worden 

overwogen bij patiënten die evidente bijwerkingen hebben van calcineurine-

remmers, bij voorkeur na het eerste jaar na transplantatie. Er is een nieuwe 

generatie co-stimulatie-blokkers (de klasse medicijnen waartoe belatacept 

behoort) in ontwikkeling, en in de komende jaren zullen die worden geïntrodu-

ceerd in de markt. Diagnostische mogelijkheden naar transplantaat-dysfunctie 

nemen toe. Met moleculaire technieken kan steeds eerder worden vastgesteld 

dat het immuunsysteem een reactie maakt tegen onderdelen van het getrans-

planteerde orgaan. Deze vroege signalen, zoals het ontdekken van donor-DNA 

of DSA’s in de bloedsomloop worden al gebruikt in voorspellingsmodellen, die 

kunnen worden verfijnd door gebruik van kunstmatige intelligentie. Dergelijke 

modellen zullen beter dan nu kunnen identificeren welke patiënten optimaal 

profiteren van (nieuwe) co-stimulatie-blokkers of juist van de oude standaard 

calcineurineremmers. De aanpak in dit proefschrift, waarin klinische uitkom-

sten worden gecombineerd met mechanistische analyses, kan aangevuld met 

moderne diagnostiek opnieuw worden toegepast in toekomstig onderzoek naar 

nieuwe immuunsuppressiva.
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