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ABSTRACT

Background
Regulatory B cells could serve as regulators of immunological tolerance, and 

may modulate viral infections and rejection after transplantation. Our aim was to 
evaluate B cell phenotyping as a measure for biopsy-proven acute rejection (BPAR) 
and cytomegalovirus (CMV) infection.

Methods
In a retrospective study, pre-transplantation peripheral blood mononuclear cell 

samples of 110 renal transplant recipients were characterized for B cell subsets by flow 
cytometry. Risk for BPAR or CMV infection was determined with Cox regression 
using transitional CD24hiCD38hi and memory CD24hiCD27+ B cells, and survival 
categorized with Log-rank test. 

Results 
B cell subsets were not significantly associated with presence of BPAR. However, 

risk for CMV infection increased by 10% (95% CI: 1.01 – 1.21; P=0.04) for every 
percent of CD24hiCD38hi B cells. Also, survival free of CMV infection was lower in 
the highest quartile of transitional CD24hiCD38hi B cells (P=0.01), but did not differ 
for memory CD24hiCD27+ B cells (P=0.49). 

Conclusions
 A protective effect of transitional CD24hiCD38hi B cells on BPAR was not observed 

in this cohort, but incidence of CMV infection was higher. The latter could be due 
to the immune modulatory potential of regulatory B cells, which may suppress 
protective host responses and increase susceptibility to infections. Additional studies 
have to provide further mechanistic insight on the regulatory mechanisms of B cells. 
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INTRODUCTION

The capacity of B cells to present antigens, generate antibodies and produce 
cytokines generally classifies them as positive regulators of the immune response. 
However, a specific population of immunosuppressive or regulatory B cells negatively 
regulate the immune response after transplantation. They for instance express 
immunoregulatory cytokines, induce anergy of T-cells and homeostasis of natural 
killer (NK) cells [1]. Since transplant rejection remains a challenge with complicated 
etiology and substantial clinical implications after renal transplantation, regulatory B 
cells may provide an option for induction of immunological tolerance [1]. 

Despite studies on the identification and characterization of different B cell subsets 
after transplantation, insight into and direct evidence for the role of regulatory B 
cells is currently incomplete [2, 3]. Cytokine IL-10 is assumed its most pronounced 
and distinguishing feature [1], and IL-10-producing B cells were enriched within the 
transitional CD24hiCD38hi B cell population [4]. However, no particular lineage–
specific molecular marker uniquely identifies regulatory B cell subsets [1]. The 
term has therefore been assigned to several subpopulations of B cells demonstrating 
regulatory functions [3]. Two of these distinct populations will be predominantly 
used in our studies because they are consistently proposed in literature; transitional 
CD24hiCD38hi B cells [1, 5, 6] and memory CD24hiCD27+ B cells [1, 7]. For instance, 
the highest percentage of IL-10-producing B cells were found in the CD24hiCD38hi B 
cell compartment after stimulation in vitro, and CD24hiCD27+ B cells produced high 
levels of IL-10 [1]. 

A recent prospective study demonstrated that an increased percentage of 
transitional CD24hiCD38hi B cells, assumed to contain regulatory B cells, was 
associated with protection from rejection [8]. Next to that, reduced frequencies of 
CD24hiCD38hi B cells associated with transplant rejection [9] and IL-10 producing 
B cells were identified within the memory CD24hiCD27+ B cell subpopulation [10]. 
However, conclusive insight into their role is currently lacking, necessitating further 
study in additional cohorts. Importantly, negative regulation of the immune response 
by regulatory B cells may impede immunocompetence of the host and make renal 
transplant recipients vulnerable to infections. The most common viral infection 
after transplantation is human cytomegalovirus (CMV) [11], a virus with the ability 
to establish cycles of lytic and latent infection [12] and employ immune evasion 
strategies. 

The aim of our study was to evaluate B cell phenotyping as a measure of predicting 
transplant rejection and CMV infection in renal transplant recipients. For that, B cell 
subset phenotyping (including the previously reported transitional CD24hiCD38hi B 
cells) was performed on pre-transplant peripheral blood mononuclear cells of 110 
renal transplant recipients and associated to CMV infection and graft rejection. 
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MATERIALS & METHODS 

Subject selection 
From 126 renal transplant recipients undergoing a renal transplantation in our 

hospital in 2010, 110 were selected for this retrospective study based on a minimum 
of 10,000 measured CD19+ B cell events by flow cytometry. The study design was 
evaluated by the local Ethics Committee at the UMCG and deemed exempt from 
formal ethical approval because it fell outside the scope of Medical-Scientific Research 
(decision METc 2015/448, 2015/10/05, Groningen). The authors have adhered to the 
Declaration of Helsinki. The clinical and research activities reported are consistent 
with the Principles of the Declaration of Istanbul as outlined in the ‘Declaration of 
Istanbul on Organ Trafficking and Transplant Tourism’.

Demographic and clinical data
Virological data, histopathology data, recipient and donor characteristics were 

obtained from subjects’ local electronic files at the University Medical Center 
Groningen (Table 1). Acute cellular and humoral rejection was biopsy-proven in all 
cases (biopsy-proven acute rejection; BPAR) and classified according to the Banff 
schema by an independent pathologist (A.D.). Follow-up for CMV infection and 
BPAR was 24 months.

Immunosuppression
Recipients did not receive immunosuppression pre-transplantation. Post-

transplantation, quadruple immunosuppressive therapy was comparable for the 
majority of subjects, with individual adaptions made based on clinical indication. 
It consisted of induction with basiliximab, followed by calcineurin-inhibitors 
tacrolimus or cyclosporine A, a proliferation inhibitor mycophenolate mofetil 
(MMF), mycophenolic sodium (MPS) or azathioprine (AZA), and prednisolone.

Nucleic acid extraction and CMV detection
CMV DNAemia was monitored post-transplantation using an in-house CMV 

PCR (detection threshold: 536 IU/ml) on DNA extracted from whole blood. CMV 
monitoring was protocolled at every outpatient visit post-transplantation (weekly in 
the first month, biweekly in month 2 and 3 and monthly afterwards) for all recipients. 
All samples were extracted according to the manufacturer instructions, using 190 
µl whole blood samples with the addition of 10 µl seal herpes virus (PhHV) as an 
internal control [13]. Samples collected before January 2012 were extracted using 
the MagNaPure LC with the MagNa Pure LC Total Nucleic Acid Isolation kit (Roche 
Diagnostics, Germany). After January 2012, DNA was extracted with the MagNaPure 
96 system using the MagnaPure 96 DNA and viral NA small volume kit (Roche 
Applied Bioscience, Mannheim, Germany). 
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Table 1. Subject demographic data.

Recipient sex, male 67 (61)

Recipient age, year 50   [39 - 61]

Recipient race, Caucasian 103 (94)

Underlying disease pre-transplantation

   Primary glomerular disease / glomerulonephritis / vasculitis 35 (32)

   Cystic kidney disease 23 (21)

   Renovascular disease / hypertension 12 (11)

   Diabetic nephropathy 8 (7)

   Tubulo-interstitial nephritis 1 (1)

   Urological complications 3 (3)

   Other causes 28 (25)

Renal replacement therapy

   Hemodialysis 72 (65)

   Peritoneal dialysis 15 (13)

   Preemptive 23 (22)

First transplantation 91 (83)

Immunosuppressive regimen

   Cyclosporine 100 (91)

   Tacrolimus 7 (6)

   Duo or azathioprine 3 (3)

Biopsy-proven acute rejection 22 (20)

Delayed graft function 17 (15)

Peak Penal Reactive Antibody (median, range) 0 (0 – 100)

Donor sex, male 56 (51)

Donor age, year 53 [45 - 60]

Transplant source

   Deceased donor 58 (53)

      Heart beating 42 (72)

      Non-heart beating 16 (28)

   Living donor: 52 (47)

      Related 23 (44)

      Unrelated 29 (56)

Donor-recipient CMV serostatus

   Donor-negative, recipient-negative 32 (29)

   Donor-negative, recipient-positive 25 (23)

   Donor-positive, recipient-positive 31 (28)

   Donor-positive, recipient-negative 22 (20)

Recipient and donor characteristics of 110 renal transplant recipients. Unless otherwise noted, data represent mean 
± SD for continuous variables and n (%) for discrete variables.
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Primers for CMV were targeted against the DNA polymerase; 
Forward primer; 5’-GCCGATCGTAAAGAGATGAAGAC; 
Reverse primer; 5’-CTCGTGCGTGTGCTACGAGA; Probe 1, 
5’-VIC-AGTGCAGCCCCGACCATCGTTC. Probe 2 (5’-VIC-
AGTGCAGCCCCGGCCATCATTC) was added to the reaction from March 2012 
onwards. The PCR was performed in a 50 µl reaction consisting of 2X TaqMan 
Universal Mastermix (Life Technology, USA), 200 nM CMV forward primer, 800 
nM of CMV reverse primer, 200nM of CMV probe 1, 100nM of CMV probe 2, 50nM 
PhHV forward, 200nM PhHV reverse, 100nM PhHV probe, 5mg/mL Bovine serum 
albumin and 20 µl of isolated DNA. The ABI Prism 7500 sequence detection system 
(Life Technologies, USA) was used for amplification and detection with the following 
thermal conditions: 2 min at 50°C, 10 min at 95°C followed by 42 repeats of 15 sec at 
95°C and 1 min at 60°C. Time-till-CMV was defined as the number of days difference 
between transplantation and the date of CMV DNA detection. The peak viral load 
(PVL) is the maximum value of CMV DNA measurements during follow-up of 24 
months.

B cell phenotyping and flow cytometry
Peripheral blood mononuclear cells (PBMCs) were obtained from heparinized 

blood drawn from renal transplant recipients at the day of transplantation by density 
gradient centrifugation over Lymphoprep (Axis-Shield, Dundee, Scotland). PBMCs 
were cryopreserved in fetal calf serum (FCS) containing 10% dimethylsulfoxide 
(DMSO) until analysis (interval approximately six years). PBMCs were thawed and 
suspended at a final concentration of 5*106 PBMCs / ml in RPMI. Cell viability 
was assessed using trypan blue (0.4%) and a Burker-Turk counting chamber. 2*106 
PBMCs were incubated with anti-human CD19-eFluor-450 (5 µl), CD27 APC-
eFluor® 780 (2.5 µl), CD38 PE-Cyanine7 (5 µl) (all from eBioscience, San Diego, CA, 
USA), CD24-FITC (5 µl), IgD-PE (5 µl), IgM-APC (10 µl) (all from BD Biosciences, 
San Jose, CA, USA) or the corresponding isotype control antibodies for 15 min at 
room temperature. Cell suspensions were then incubated with FACS Lysing Solution 
(BD Biosciences) for 10 min, washed with PBS + 1% BSA and measured using a 
LSR-II Flow Cytometer (BD Biosciences). 1*106 events were measured when sample 
quality allowed this, with adaptions for individual samples when necessary. Data 
was analyzed using Kaluza 1.3 Flow Analysis Software (Beckman Coulter, Brea, CA, 
USA), with a random selection double-checked by an independent researcher. 

The following subsets of B cells were defined and gated (Figure 1): B cells (CD19+), 
naïve B cells (CD19+CD27-CD38-/+); transitional B cells (CD19+CD24hiCD38hi); 
memory B cells (CD19+CD27+); class-switched memory B cells (CD19+CD27+IgD-

IgM-) and memory B cells (CD19+CD24hiCD27+ ). Negative, positive and high 
categorization was defined based on distinction of three separate cell populations. 
The absolute number of B cells was calculated based on absolute count of lymphocytes 
in combination with percentages of B cells gated within that particular lymphocyte 
subset.
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Statistical analysis 
Data are reported as means ± standard deviations, medians with [25 – 75] 

interquartile ranges, or proportions where appropriate. P-values are two-tailed, were 
considered statistically significant when <0.05, and are represented together with 
95% confidence intervals where applicable. Statistical analysis was performed and 
figures were created using IBM SPSS Statistics 23 (IBM Corp, Armonk, NY, USA). 
The percentage and absolute number of transitional CD24hiCD38hi and memory 
CD24hiCD27+ B cells for absence of presence of BPAR were compared using Mann 
Whitney U test corrected using Bonferroni. The correlation of various B cell subsets, 
donor, recipient and transplantation characteristics with BPAR was analyzed using 
Cox regression. Survival free of BPAR for quartiles of transitional CD24hiCD38hi and 
memory CD24hiCD27+ B cells was analyzed using the Log-rank test. 

Univariable Cox regressions for CMV infection were performed for transitional 
CD24hiCD38hi B cells, memory CD24hiCD27+ B cells, recipient sex and age, recipient 
Caucasian, delayed graft function, HLA mismatches A +B, HLA mismatches DR, 
immunosuppressive agent, renal replacement therapy, underlying disease, donor 
serostatus, donor sex and age and donor living. Only significant variables (P < 0.05) 
were taken into the multivariable model. Survival free of CMV infection for quartiles 
of transitional CD24hiCD38hi and memory CD24hiCD27+ B cells was analyzed 
using the Log-rank test. The association of transitional CD24hiCD38hi and memory 
CD24hiCD27+ B cells with CMV peak viral load was performed using bivariate 
correlations. P<0.05 was considered statistically significant. 

RESULTS

Clinical data 
In this study, pre-transplant PBMCs of 110 subjects (Follow-up; 30 ± 7 months) 

were phenotypically characterized using flow cytometry. Median donor age was 53 
years [25 - 75 interquartile range: 45 - 60] with 56/110 male (51%), while median 
recipients age was 50 years [39 - 61] with 67/110 male (61%). Additional donor and 
recipient characteristics are presented in Table 1. Over the course of follow-up nine 
deaths and eight cases of graft loss occurred. Seventeen subjects experienced delayed 
graft function and 22 (20%) developed rejection at a median of 152 days post-
transplantation [5 - 450]. Two cases of antibody mediated rejection (ABMR) were 
observed. 68/110 subjects (62%) suffered from CMV infection at a median of 35 days 
post-transplantation [14 - 56] and peak viral load of 13,613 IU/ml [800 - 267,744]. 
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Figure 1. Gating strategy for flow cytometry analyses of various subsets of B cells of 110 transplant recipients.

1*106 events were measured, with adaptions for individual samples when necessary. Total PBMCs were selected for 
single cell lymphocyte populations, after which CD19+ B cells were subdivided into naive and memory subsets using 
CD27 and CD38, and further classified into class switched (CS) memory B cells using IgD and IgM. CD24, CD27 
and CD38 were used to gate transitional CD24hiCD38hi and memory CD24hiCD27+ B cell subsets. Negative, positive 
and high categorization was defined based on distinction of three separate cell populations. The large-font main 
title of the each square denotes the population selected from the previous step in the flow chart, with the small-font 
describing the population within the gate that is applied. PBMC, peripheral blood mononuclear cell.

Lack of association between pre-transplant B cell subsets and risk for BPAR 
Distinct cell populations were identified using gating as depicted in Figure 1. 

Frequencies of the presumed regulatory B cell subsets (transitional CD24hiCD38hi 
and memory CD24hiCD27+ B cells) are depicted in Figure 2, and additional subsets in 
Table 2. None of the individual B cell subsets associated with increased risk for BPAR 
(e.g. transitional CD24hiCD38hi; P=0.22, memory CD24hiCD27+; P=0.73) (Table 3), 
and neither did recipient sex and age, ethnicity, secondary transplantation, donor 
sex and age, donor-recipient HLA mismatch A+B and DR and pre-transplantation 
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Table 2. Pre-transplant B cell subsets were not significantly different between presence and absence of BPAR.

Percentage of B cells P Absolute number 
(*106 cells/L) P

B cell subset BPAR No BPAR BPAR No BPAR

Transitional CD24hiCD38hi 4 [2 – 7] 4 [2 – 5] 0.61 5 [1 – 8] 4 [2 – 7] 0.91

Memory CD27+ 13 [8 – 27] 16 [9 – 24] 0.65 16 [9 – 24] 17 [9 – 30] 0.61

Memory CD24hiCD27+ 6 [3 – 16] 9 [4 – 13] 0.63 7 [5 – 12] 8 [4 – 15] 0.64

Class switched Memory 
CD27+IgD-IgM- 7 [3 – 13] 7 [4 – 12] 0.97 8 [3 – 13] 8 [5 – 14] 0.61

Naïve CD27-CD38-/+ 81 [69 – 85] 80 [71 – 87] 0.82 92 [39 – 135] 83 [46 – 155] 0.59

Median [25 - 75 interquartile range] for several B cell subsets in percentages of total B cells and absolute numbers for 
BPAR and no BPAR. There were no significant differences for CD24hiCD38hi, CD27+, CD24hiCD27+, CD27+IgD-IgM- 
or CD27-CD38-/+ B cells. Mann Whitney U test in combination with Bonferroni correction for multiple comparisons. 
Transitional CD24hiCD38hi and memory CD24hiCD27+ are also visually represented in Figure 2.

Table 3. No significant associations between various B cell subsets and BPAR.
Hazard ratio 95% CI P

Total B cells % 0.99 0.93 1.06 0.82

Total B cells AC, 107 0.97 0.93 1.02 0.23

Transitional CD24hiCD38hi B cells % 1.09 0.95 1.26 0.22

Transitional CD24hiCD38hi B cells AC, 107 1.29 0.58 2.89 0.54

Memory CD27+ B cells % 1.01 0.98 1.04 0.54

Memory CD27+ B cells AC, 107 0.89 0.67 1.17 0.40

Memory CD24hiCD27+ B cells % 1.01 0.96 1.05 0.73

Memory CD24hiCD27+ B cells AC, 107 0.98 0.93 1.03 0.36

Class switched memory CD27+IgD-IgM- B cells 1.02 0.96 1.08 0.53

Class switched memory CD27+IgD-IgM- B cells AC, 107 0.89 0.52 1.56 0.70

Naive CD27-CD38-/+ B cells % 0.99 0.96 1.02 0.39

Naive CD27-CD38-/+ B cells AC, 107 0.97 0.92 1.02 0.23

Recipient sex, female 1.36 0.59 3.15 0.47

Recipient age, years 1.00 0.97 1.02 0.75

Recipient race, Caucasian 1.59 0.21 11.83 0.65

Secondary transplantation 1.09 0.37 3.21 0.88

Donor sex, female 1.00 0.43 2.31 1.00

Donor age, years 0.99 0.95 1.03 0.58

HLA mismatch, HLA-A+B, n 1.25 0.82 1.90 0.29

   HLA-DR 1.60 0.87 2.95 0.13

CMV serostatus pre-transplantation 
(versus donor-negative, recipient negative)

   Donor-negative, recipient-positive 0.49 0.15 1.56 0.23

   Donor-positive, recipient-positive 0.66 0.20 1.98 0.42

   Donor-positive, recipient-positive 0.40 0.13 1.27 0.12

Hazard ratio with 95% confidence intervals for Cox regression using B cell subsets in percentages (%; proportion 
of total B cells) or absolute count (AC). There were no significant correlations between BPAR and the various B cell 
subsets, or BPAR and any other parameter. AC, absolute count; HLA, human leukocyte antigen.
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cytomegalovirus (CMV) serostatus. Survival free of BPAR for transitional 
CD24hiCD38hi (Log-rank; P=0.38) or memory CD24hiCD27+ B cells (P=0.74) did not 
differ for quartiles of B cell frequencies (Figure 3).

Figure 2. Pre-transplant B cell subsets do not 
significantly vary between transplant recipi-
ents eventually developing BPAR at 24 months 
post-transplantation. 
Pre-transplant transitional CD24hiCD38 and 
memory CD24hiCD27+ B cell percentage of 
total B cells or absolute number comparing 
subjects developing or not developing BPAR as 
determined by Mann Whitney U test (transitional 
CD24hiCD38hi; P=0.61 and P=0.91, respectively; 
memory CD24hiCD27+; P=0.63 and P=0.64, 
respectively). Additional subsets are depicted in 
Table 2. BPAR, biopsy-proved acute rejection.

Pre-transplantation recipient CMV serostatus and percentage or absolute numbers of 
transitional CD24hiCD38hi or memory CD24hiCD27+ B cells not associated

In order to determine the association of transitional CD24hiCD38hi and memory 
CD24hiCD27+ B cells subsets with CMV infection, the presence of CMV before and 
after transplantation was explored. No significant differences were found for percentage 
transitional CD24hiCD38hi (P=0.07) or memory CD24hiCD27+ B cells (P=0.609) 
between the pre-transplant anti-CMV IgG seropositive and negative recipients, 
although a trend may exist. Also absolute numbers of transitional CD24hiCD38hi 
(P=0.82) or memory CD24hiCD27+ B cells (P=0.99) were not significantly different 
between seropositive and negative recipients.

Increased percentage of transitional CD24hiCD38hi cells associated with more CMV 
infection after 24 months post-transplantation. 

CMV infection after transplantation was significantly correlated with percentage 
transitional CD24hiCD38hi B cells, recipient age, renal replacement therapy, 
underlying disease, donor serostatus and donor living status (Table 4). Memory 
CD24hiCD27+ B cells (P=0.67) and the remaining variables were not. Every percent 
increase in CD24hiCD38hi B cells resulted in a 13% increased risk for CMV infection 
(95% confidence interval: 1.04 – 1.22; P=0.005) during univariable analyses, and 10% 
(95% CI: 1.01 – 1.21; P=0.04) during multivariable analysis. 

To further explore B cell subsets and CMV infection, the percentages of 
CD24hiCD38hi and CD24hiCD27+ B cells were stratified into quartiles with an equal 
number of subjects in each category (Figure 4). CMV infection was associated 
with a high percentage of transitional CD24hiCD38hi (P=0.01), but not of memory 
CD24hiCD27+ B cells (P=0.49). CMV peak viral load, as measure for severity of CMV 
infection, was not correlated with either transitional CD24hiCD38hi B cells (P=0.316) 
or memory CD24hiCD27+ B cells (P=0.167).
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Figure 3. Survival free of BPAR does not significantly differ between quartiles of pre-transplant transitional 
CD24hiCD38hi and memory CD24hiCD27+ B cells. 
Kaplan-Meier survival curves of four equally sized groups analyzed for BPAR. Occurrence of BPAR is not significantly 
different between subjects with various percentages of transitional CD24hiCD38hi (P=0.38) or memory CD24hiCD27+ 
B cells (P=0.74) as analyzed by Log-rank test.

Figure 4. CMV infection is significantly increased for subjects with highest percentage of transitional 
CD24hiCD38hi B cells. 
Kaplan-Meier survival curves for CMV infection of 110 renal transplant recipients in the first 24 months post-
transplantation. Quartiles for percentage transitional CD24hiCD38hi and memory CD24hiCD27+ B cells generated four 
equally sized groups. CMV infection is significantly increased for subjects with the highest percentage transitional 
CD24hiCD38hi B cells (> 5.57%; P=0.01), but no significant difference is observed for memory CD24hiCD27+ B cells 
according to Log-rank test.
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Table 4. Univariable and multivariable Cox regression for post-transplantation CMV infection with different 
recipient and donor characteristics, showing an independent association of post-transplantation CMV infec-
tion with pre-transplantation CD24hiCD38hi regulatory B cells.

CMV infection univariable Change Exp(B) 95 CI P

Recipient Transitional CD24hiCD38hi, % 0.12 1.13 1.04 1.22 0.005

Recipient Memory CD24hiCD27+, % -0.006 0.99 0.97 1.02 0.67

Recipient Sex, female -0.21 0.81 0.49 1.33 0.40

Recipient Age, years 0.02 1.02 1.003 1.04 0.02

Recipient Caucasian -0.58 0.56 0.24 1.30 0.18

Recipient Delayed graft function 0.35 1.42 0.76 2.65 0.27

Recipient/Donor Mismatches HLA A+B, n -0.03 0.97 0.77 1.23 0.80

Recipient/Donor Mismatches HLA DR, n -0.14 0.87 0.61 1.24 0.43

Recipient Tacrolimus (versus Cyclosporin A) -0.03 0.97 0.54 1.74 0.91

Recipient Renal replacement therapy, vs preemptive Tx 0.57 1.76 1.24 2.50 0.001

Recipient Underlying disease 0.11 1.11 1.01 1.23 0.03

Donor Serostatus 0.70 2.02 1.62 2.52 <0.001

Donor Sex, female -0.08 0.93 0.58 1.49 0.75

Donor Age, years 0.02 1.02 1.00 1.05 0.08

Donor Living -0.60 0.55 0.34 0.90 0.02

CMV infection multivariable Change Exp(B) 95 CI P

Recipient Transitional CD24hiCD38hi, % 0.10 1.10 1.01 1.21 0.04

Recipient Age, years -0.01 0.99 0.97 1.01 0.42

Recipient Renal replacement therapy, vs preemptive Tx 0.38 1.46 1.00 2.11 0.05

Recipient Underlying disease 0.13 1.14 1.03 1.26 0.02

Donor Serostatus 0.85 2.33 1.77 3.07 < 0.001

Donor Living -0.10 0.90 0.53 1.53 0.71

Univariable and multivariable Cox regression analysis for percentages transitional CD24hiCD38hi and memory 
CD24hiCD27+ B cells, recipient sex and age, recipient Caucasian, delayed graft function, HLA mismatches A+B, HLA 
mismatches DR, Tacrolimus, renal replacement therapy, underlying disease, donor serostatus, donor sex and age and 
donor living. Only variables which are significant in univariable regression were taken into the multivariable model.
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DISCUSSION

This study evaluated B cell phenotyping as a measure of predicting transplant 
rejection and CMV infection in renal transplant recipients. Pre-transplant transitional 
CD24hiCD38hi or memory CD24hiCD27+ B cell subsets presumably containing a 
regulatory B cell population, did not differ between subjects with BPAR and those 
without, neither by percentages, nor absolute numbers. Although B cell profiles 
were not different for recipient CMV serostatus before transplantation, afterwards 
the highest quartile of transitional CD24hiCD38hi B cells was associated with CMV 
infection. CMV peak viral load, used as measure of severity of CMV infection, did 
not correlate to percentage of CD24hiCD38hi or memory CD24hiCD27+ B cells. 

Shabir et al. previously reported that subjects with high frequencies of transitional 
CD24hiCD38hi B cells before transplantation were more likely to remain free from 
rejection compared to those with low frequencies [14]. Our cohort of subjects (n 
= 110) with relatively comparable demographics allowed for further study, but 
could not confirm these previous findings. It has been previously reported that the 
percentage of transitional B cells at 3 months post-transplantation were predictive 
for graft rejection, but not before transplantation [15]. Also absolute numbers per B 
cell subset did not significantly associate with BPAR for transitional CD24hiCD38hi, 
memory CD24hiCD27+, class-switched memory or naïve B cell subsets. 

Compared to Shabir et al., a slightly alternative gating strategy to identify 
transitional CD24hiCD38hi B cells was adopted, not based on the absolute level of 
fluorescent intensity, but on the relative distinction between negative, positive and 
high cell populations. In addition, there were differences in the population under 
study. The subjects in our population were mainly Caucasian with a shorter clinical 
follow up, different post-transplant immunosuppression and other renal replacement 
therapy [14]. Generally, transplantation outcome for Caucasians is favorable [16], 
which may have skewed comparison of these populations. Also noteworthy is the 
difference in post-transplant immunosuppression, which consisted predominantly 
of cyclosporine in our cohort, while the population of Shabir et al. was treated with 
tacrolimus. Tacrolimus is less nephrotoxic compared to cyclosporine, and subjects 
receiving tacrolimus demonstrates a lower rate of biopsy-proven acute rejection 
(12.3%) compared to cyclosporine (25.8%, this was 20% in our cohort) [17, 18]. 
Furthermore, renal replacement therapy consisted primarily of hemodialysis, whereas 
that of Shabir et al. consisted of peritoneal dialysis and hemodialysis equally. It is 
difficult to indicate the consequence of this, given that benefits and limitations for 
both pre-transplant modalities vary based on the exact outcome under examination 
[19]. Interestingly, median time-to-BPAR was higher in our cohort compared to that 
of Shabir et al. (152 versus 15 days) and additional studies (ranging from 13 to 48 days 
[20, 21]), suggesting that our cohort is on the extreme end of the spectrum. However, 
a relative large number of rejection cases, 10/22, were detected in protocol biopsies, 
which may underlie the increased time-to-BPAR. Excluding these protocol biopsies 
results in a median of 29 days, which is within the range described previously. 
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Although transitional CD24hiCD38hi B cells were correlated to CMV infection 
after transplantation, this association was absent at pre-transplantation infection. 
The lack of an association between CMV serostatus and transitional CD24hiCD38hi 
B cells has been observed before in an independent cohort of 73 healthy volunteers 
[22, 23] (P=0.584). Although CMV affected the total number of B cells, there was 
no difference in memory CD27+ B cells between seropositive and -negative healthy 
individuals [24]. Nevertheless, differences in B cell subsets have been reported for 
CMV-positive and -negative subjects within specific age groups [25], illustrating that 
findings may differ depending on the exact subject population under study. 

The higher incidence of CMV for subjects with high percentage of regulatory B 
cells could be due to their immune modulatory potential. By regulating inflammation 
and immunopathology, regulatory B cells may suppress protective host responses and 
increase susceptibility to infections. For instance, a deficiency of regulatory B cells 
in brains of mice following murine CMV infection resulted in a more pronounced 
neuro-immune response and enhanced accumulation of cytotoxic T-cells [26]. The 
frequency of regulatory B cells, characterized predominantly as CD24hiCD38hi, also 
positively correlated with enhanced viral replication in chronic hepatitis B virus 
patients [27]. With that, IL-10 levels and viral load were temporally closely associated 
in patients with chronic hepatitis B virus infection undergoing spontaneous disease 
flares [28]. 

Conclusive identification of regulatory B cells remains challenging due to the 
lack of a distinct set of phenotypic markers that uniquely identify regulatory B cells, 
which necessitates indirect characterization based on suppressive activity and IL-10 
production [29]. B cells can be stimulated in vitro to produce cytokines, which can 
be detected by flow cytometry after fixation [30]. As also stated by Shabir et al., B cell 
cytokine profiling of pre-transplant blood samples may refine the predictive value of 
immunophenotyping and provide a valuable addition to surface marker expression 
during identification of regulatory B cells [14]. With that, a better understanding 
of circulating B cell phenotypes as well as the refinement of immune monitoring 
tools could benefit recipients post-transplantation. A recent study demonstrated 
that the ratio of T1 and T2 transitional B cell subsets at the time of late for-cause 
biopsies was associated with allograft dysfunction for renal transplant recipients, 
independent of eGFR and evidence of rejection [31]. Next to that, a T1 and T2 ratio 
< 0.17 in clinically stable recipients was independently associated with allograft 
deterioration five years later, and a higher proportion of graft loss [31]. Although not 
containing significant predictive capacity, low T1/T2 ratio tended to identify patients 
with more severe inflammation and chronic damage [31]. The T1/T2 ratio may thus 
serve as a promising noninvasive predictive marker for allograft outcome after renal 
transplantation. 
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Strengths of our study include the thorough assembly of various B cell subsets 
presumed to contain regulatory B cells. We explored absolute numbers of B cells 
in addition to its percentages, to take into account the range of absolute numbers 
varying between subjects. With that we extended the exploration of regulatory B cells 
regulation in renal transplant recipients by covering CMV infection. Additionally, 
pathology and clinical parameters of the subject population were available for 
analyses, collectively providing an extensive compilation of recipient characteristics. 

Future perspectives
In our study, PBMCs of subjects were retrospectively analyzed pre-transplantation, 

without B cell phenotyping following after transplantation. A recent study 
demonstrated that B cell signatures were skewed by immunosuppressive treatment 
[32], potentially introducing bias into the B cell phenotyping. B cell subsets pre-
transplantation were therefore analyzed, before the application of immunosuppression, 
but this strategy limits the temporal scope of our findings. Measuring B cell subsets 
after transplantation could provide insight into whether their frequency correlates 
positively with enhanced viral replication, as was described for hepatitis B virus 
infection. Since regulatory B cells are suboptimally defined by flow cytometry 
markers alone, their identification remains a challenge. It remains important to 
consider that because BPAR was mainly cellular of nature, future studies analyzing 
the T cell subsets could provide more comprehensive insight into its generation. 
From our association studies it is difficult to comment on the mechanism underlying 
the role of transitional CD24hiCD38hi and memory CD24hiCD27+ B cells on CMV 
infection post-transplantation. Further studies exploring the cause-consequence 
relationship between regulatory B cells and CMV infection should be conducted to 
provide further insight. 

Conclusions
In conclusion, our study could not confirm the previously reported association 

between transitional CD24hiCD38hi B cells and rejection in this cohort of 
renal transplant recipients. Nevertheless, it was demonstrated that transitional 
CD24hiCD38hi B cells before transplantation were associated with CMV infection post-
transplantation. Further studies regarding regulatory B cells may enable physicians 
to identify recipients prone to CMV infection, and provide them with additional 
screening or care. This would be greatly facilitated by additional characterization 
of the regulatory capacity of B cells, potentially by complementing surface marker 
expression with anti-inflammatory cytokine production.



Chapter 4

74

REFERENCES

[1] Mauri C, Bosma A. Immune Regulatory Function of B Cells. Annu Rev Immunol 2012;30:221–41. 
[2] Newell KA, Asare A, Kirk AD, Gisler TD, Bourcier K, Suthanthiran M, et al. Identification of a B cell signature associated with 
renal transplant tolerance in humans. J Clin Invest 2010;120:1836–47. 
[3] San Segundo D, López-Hoyos M, Arias M. Regulatory B-Cells in Transplantation. Antibodies 2013;2:587–97. 
[4] Blair PA, Noreña LY, Flores-Borja F, Rawlings DJ, Isenberg DA, Ehrenstein MR, et al. CD19(+)CD24(hi)CD38(hi) B cells exhibit 
regulatory capacity in healthy individuals but are functionally impaired in systemic Lupus Erythematosus patients. Immunity 
2010;32:129–40. 
[5] Blair PA, Noreña LY, Flores-Borja F, Rawlings DJ, Isenberg DA, Ehrenstein MR, et al. CD19+CD24hiCD38hi B Cells Exhibit 
Regulatory Capacity in Healthy Individuals but Are Functionally Impaired in Systemic Lupus Erythematosus Patients. Immunity 
2010;32:129–40. 
[6] de Masson A, Bouaziz J-D, Le Buanec H, Robin M, O’Meara A, Parquet N, et al. CD24(hi)CD27+ and plasmablast-like regulatory 
B cells in human chronic graft-versus-host disease. Blood 2015;125:1830–9. 
[7] Iwata Y, Matsushita T, Horikawa M, Dilillo DJ, Yanaba K, Venturi GM, et al. Characterization of a rare IL-10-competent B-cell 
subset in humans that parallels mouse regulatory B10 cells . Blood 2011;117:530–41.
[8] Shabir S, Girdlestone J, Briggs D, Kaul B, Smith H, Daga S, et al. Transitional B Lymphocytes Are Associated With Protection From 
Kidney Allograft Rejection: A Prospective Study. Am J Transplant 2015;15:1384–91. 
[9] Cherukuri A, Rothstein DM, Clark B, Carter CR, Davison A, Hernandez-Fuentes M, et al. Immunologic human renal allograft 
injury associates with an altered IL-10/TNF-α expression ratio in regulatory B cells. J Am Soc Nephrol 2014;25:1575–85. 
[10] Iwata Y, Matsushita T, Horikawa M, Dilillo DJ, Yanaba K, Venturi GM, et al. Characterization of a rare IL-10-competent B-cell 
subset in humans that parallels mouse regulatory B10 cells. Blood 2011;117:530–41. 
[11] Razonable RR, Hayden RT. Clinical utility of viral load in management of cytomegalovirus infection after solid organ 
transplantation. Clin Microbiol Rev 2013;26:703–27. 
[12] Noriega V, Redmann V, Gardner T, Tortorella D. Diverse immune evasion strategies by human cytomegalovirus. Immunol Res 
2012;54:140–51. 
[13] Van Doornum GJJ, Guldemeester J, Osterhaus  a. DME, Niesters HGM. Diagnosing herpesvirus infections by real-time 
amplification and rapid culture. J Clin Microbiol 2003;41:576–80. 
[14] Shabir S, Girdlestone J, Briggs D, Kaul B, Smith H, Daga S, et al. Transitional B lymphocytes are associated with protection from 
kidney allograft rejection: a prospective study. Am J Transplant 2015;15:1384–91. 
[15] Svachova V, Sekerkova A, Hruba P, Tycova I, Rodova M, Cecrdlova E, et al. Dynamic changes of B-cell compartments in kidney 
transplantation: lack of transitional B cells is associated with allograft rejection. Transpl Int 2016;29:540–8. 
[16] Laging M, Kal-van Gestel JA, van de Wetering J, IJzermans JNM, Weimar W, Roodnat JI. Understanding the Influence of 
Ethnicity and Socioeconomic Factors on Graft and Patient Survival After Kidney Transplantation. Transplantation 2014;98:974–8. 
[17] Martins L, Ventura A, Branco A, Carvalho M., Henriques A., Dias L, et al. Cyclosporine versus tacrolimus in kidney 
transplantation: are there differences in nephrotoxicity? Transplant Proc 2004;36:877–9. 
[18] Ekberg H, Tedesco-Silva H, Demirbas A, Vítko Š, Nashan B, Gürkan A, et al. Reduced Exposure to Calcineurin Inhibitors in 
Renal Transplantation for the ELITE–Symphony Study*. Ger (BN); SB Tepecik Hos-Pital 2007.
[19] Helal I, Gorsane I, Hamida F Ben, Kheder A. Impact of Dialysis Modality on Kidney Transplantation Outcomes. J Biomed Sci 
Eng Impact Dial Modality Kidney Transplant Outcomes J Biomed Sci Eng 2015;8:67–72. 
[20] Richards KR, Hager D, Muth B, Astor BC, Kaufman D, Djamali A. Tacrolimus Trough Level at Discharge Predicts Acute 
Rejection in Moderately Sensitized Renal Transplant Recipients. Transplantation 2014;97:986–91. 
[21] Noel C, Abramowicz D, Durand D, Mourad G, Lang P, Kessler M, et al. Daclizumab versus Antithymocyte Globulin in High-
Immunological-Risk Renal Transplant Recipients. J Am Soc Nephrol 2009;20:1385–92. 
[22] van der Geest KSM, Abdulahad WH, Tete SM, Lorencetti PG, Horst G, Bos NA, et al. Aging disturbs the balance between effector 
and regulatory CD4+ T cells. Exp Gerontol 2014;60:190–6. 
[23] van der Geest KSM, Lorencetti PG, Abdulahad WH, Horst G, Huitema M, Roozendaal C, et al. Aging-dependent decline of IL-10 
producing B cells coincides with production of antinuclear antibodies but not rheumatoid factors. vol. 75. 2016.
[24] Chidrawar S, Khan N, Wei W, McLarnon A, Smith N, Nayak L, et al. Cytomegalovirus-seropositivity has a profound influence on 
the magnitude of major lymphoid subsets within healthy individuals. Clin Exp Immunol 2009;155:423–32. 
[25] Goldeck D, Oettinger L, Janssen N, Demuth I, Steinhagen-Thiessen E, Pawelec G. Cytomegalovirus Infection Minimally Affects 
the Frequencies of B-Cell Phenotypes in Peripheral Blood of Younger and Older Adults. Gerontology 2016;62:323–9. 
[26] Lokensgard JR, Mutnal MB, Hu S, Schachtele SJ. Infection Neuroinflammation following Viral Brain Infiltrating Regulatory B 
Cells Control Infiltrating Regulatory B Cells Control Neuroinflammation following Viral Brain Infection. J Immunol 2014.
[27] Liu Y, Cheng L-S, Wu S, Wang S-Q, Li L, She W-M, et al. IL-10-producing regulatory B-cells suppressed effector T-cells but 
enhanced regulatory T-cells in chronic HBV infection. Clin Sci (Lond) 2016;130:907–19. 
[28] Das A, Ellis G, Pallant C, Lopes AR, Khanna P, Peppa D, et al. IL-10-producing regulatory B cells in the pathogenesis of chronic 
hepatitis B virus infection. J Immunol 2012;189:3925–35. 
[29] Simon Q, Pers J-O, Cornec D, Le Pottier L, Mageed RA, Hillion S. In-depth characterization of CD24(high)CD38(high) 
transitional human B cells reveals different regulatory profiles. J Allergy Clin Immunol 2015. 
[30] Land J, Abdulahad WH, Sanders J-SF, Stegeman CA, Heeringa P, Rutgers A, et al. Regulatory and effector B cell cytokine 
production in patients with relapsing granulomatosis with polyangiitis. Arthritis Res Ther 2016;18:84. 
[31] Cherukuri A, Salama AD, Carter CR, Landsittel D, Arumugakani G, Clark B, et al. Reduced human transitional B cell T1/T2 ratio 
is associated with subsequent deterioration in renal allograft function. Kidney Int 2016;0:235–42. 
[32] Rebollo-Mesa I, Nova-Lamperti E, Mobillo P, Runglall M, Christakoudi S, Norris S, et al. Biomarkers of tolerance in kidney 
transplantation - are we predicting tolerance or response to immunosuppressive treatment? Am J Transplant 2016. 



B cell Phenotyping Before Renal Transplantation

75

4

B 
C

el
l P

he
no

ty
pi

ng
 B

ef
or

e 
R

en
al

 T
ra

ns
pl

an
ta

tio
n



76

cells
infection

vsm
cs

expression

spreading
renalpositive

figure

viral during

infected

biopsies

vitro

deficient

using

transplant

transplantation

recipients

demonstrated

biopsy
after

which

interstitial

negative

surface

sm
ooth

muscle

further

could

clinical

characteristics

function
focus

w
hile

vascularthrough

w
ould

these
latent

table

suggests performed medium

median

localization

however

types

target serum

selection
recipient

reactivation

present

detected

based

allograft

total

therapeutic

smaller

percentageobserved

needle

migration

leica

impeded

human

disease

between

anova

w
ithin

virus
vesselsthree

study

status

result

moment

although

agarose

vessel

until

their

thank

probe

often

m
ight

major

latency

kidney

indicate

gapdh

follow

enable

early

culture

cannot

wholewallis

under

there

survival

small

reaction

rabbit

points

point

other

never

m
onolayer

m
odel

methods

m
akes

m
agna

limit

latter

kruskal
initial

highergroup

green

graft

glom
eruli

germ
any

fetal

eight

effect

buffer
broad

arrows

wells

vm
scs

turnover tubuli

titer

titan

threshold

threat

thermal

tested

taqman

taken

sybr®

suite

stored

still

smcgs

slide

short

several

seven

served

serve

seems

roche

rarely

rapid

ram
os

prior

pow
er

partial

outcom
e

origin

order

occurs

occur

niche

nature

m
inutes

method

m
erck

m
asked

marrow
m
arcy

lytic

low
ly

lowers

lonza

linked

limited

level
layer

latest

later

l’etoile

kinetics

kindly

itself

internal

interested

insets

input

inhibition

increases

hosts

grade

fraile

first
favored

factors

exact

escape

enzyme

enabledelsewhere

elaborate

edges

earliest

dorm
ant

distinct

cycle

curves

current

coronary

clone

clinic

clear

center

cellular

categorized

carcinoma

camera

c12000

c1000

bungener bound

bioline

biocare

belong

background

b2261

avoids

artery

applied

appear

aorta

anim
al

among

alpha

allows

allow
aligns

affects

added

active

ability

50100

12–53


