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Chapterr 10 

ABSTRAC T T 
Reducedd serum IgG and subclass levels have been demonstrated in children with 

chronicc renal failure. To study possible causes of this reduction, we analyzed B-cell subset 
composition,, T-helper cell frequencies and immunoglobulin (Ig) production capacity in vitro 
inn children with chronic renal failure, with or without dialysis treatment. 

Eightt children treated with peritoneal dialysis (PD), 8 on hemodialysis (HD), 9 
childrenn not yet dialyzed <CRF) and 9 healthy children (HC) were studied. B-cell subsets 
weree characterized by determining CD27, IgM, IgD and CD5 expression within the CD19+ 

population.. Intracellular expression of IFN-y, IL-2 and IL-4 in PMA/lonomycin-stimulated 
peripherall blood mononuclear cells (PBMC) was used to evaluate T-helper frequencies. The 
capacityy of B-cells to secrete Ig in vitro was determined by measuring IgGi, lgG2 and IgM in 
culturee supernatants of anti-CD2/CD28 moAb- or SAC/IL-2- stimulated PBMC. 

Memoryy B-cell numbers (identified as CD19+ IgM" IgD" or CD19+CD27+ 

lymphocytes)) were lower in HD compared to HC <p<0.05). CD19+ CD27+ B-cells were also 
significantlyy reduced in the PD population. Compared with HC, CD5+ (naive) B-cells were 
reducedd in HD-treated patients but not for PD nor CRF children. No significant differences in 
CD4++ T-helper cell subsets were found between the groups. However, CRF children had a 
higherr percentage IFN-y producing CD8+ T-cell lymphocytes compared to HC (p=0.02). 
Finally,, I g d , lgG2 and IgM production in vitro was similar in the four groups. 

InIn conclusion, significantly lower numbers of memory type B-cells were found in HD 
andd PD children compared to healthy controls. This reduction may contribute to the low Ig 
levelss found in these children. 
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Memoryy B cells in CRF 

INTRODUCTION N 
Reducedd serum IgG and subclass levels have been described in children treated 

withh peritoneal dialysis [1-4]. Peritoneal loss, reduced synthesis or increased catabolism, are 
possiblee explanations for this. In previous studies we have demonstrated that peritoneal loss 
iss not the only explanation since reduced serum IgG and subclasses levels were already 
presentt before the dialysis treatment had started [5]. Most IgG is produced by specialized B-
cellss or plasma cells that have undergone class switching in the germinal center in reponse 
too T-cell dependent antigens. During this response, B-cells become activated by specific 
antigens,, but depend on T-helper cells derived signals to differentiate into plasma cells and 
memoryy cells [6]. It is not clear whether the lower Ig levels in uremic patients are caused by 
intrinsicintrinsic B-cell defects, disturbed helper T-cell activity, or a combination of both. B-cells 
expresss several surface molecules such as IgM, IgD, IgG, CD27, and CD5 that allow 
separationn of naive (lgD+ or CD5+) and memory (IgD" or CD27+) type B-cells [7-11]. 
However,, no information is available on B-cell differentiation in adult and pediatric patients 
withh chronic renal failure, either or not treated with dialysis. 

Thee T-helper cells derived cytokines, interferon-y (IFN-y), interleukin-2 (IL-2) and 
interleukin-44 (IL-4) are involved in B-cell maturation, Ig secretion and IgG subclass switching 
[12;13].. T-helper type 1 cells (Th1) produce mainly IFN-y and IL-2. IL-4 is particularly 
producedd by T-helper type 2 (Th2) cells [14]. The Th1/Th2 balance is crucial for an effective 
immunee system and disturbances in the Th1/Th2 balance have been associated with 
diseasess [14]. CD8+ (cytotoxic) T-cells also produce IFN-y, IL-2 and IL-4 [14]. Data on 
cytokinee production in uremia are controversial [15,16]. Most studies on cytokines in HD 
patientss have focussed on the effect of hemodialysis modalities and of the type of hemofilter 
onn cytokine production and Th1/Th2 balance [17,18]. In PD patients, cytokine production 
hass been studied mainly in peritoneal dialysis effluent in relation to peritonitis episodes, the 
toxicityy of the dialysis solution and peritoneal permeability [19-21]. 

Too further explore possible causes of low IgG levels in uremic children, we measured B-
lymphocytee immunoglobulin producing capacity in vitro, the maturational state of B-cells and 
thee T-cell IFN-y, II-2 and IL-4 production in children with chronic renal failure. 

PATIENTSS AND METHODS 

Eightt children treated with peritoneal dialysis (PD), 8 children on chronic 
hemodialysiss (HD) and 9 children with chronic renal failure, not yet dialyzed (CRF) were 
analyzed.. The control group consisted of 9 healthy children (HC). The median (range) age, 
durationn of PD or HD treatment and glomerular filtration rate (GFR) are listed in Table 1. The 
GFRR in CRF patients was estimated by the Schwartz formula [22]. The primary renal 
diseasee of the patients is listed in Table 2. Four PD children were studied at 4 moments: 
beforee starting PD, and after 1,2 and 12 months of dialysis treatment (longitudinal data). 
Longitudinall samples were analyzed simultaneously. The study was approved by the 
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Medicall Ethical Review Committee of the hospital and written informed consent was 

obtainedd from the children and/or parents. 

TableTable 1. Patient characteristics. 

PDD HD CRF HC 

Numberr 8 8 9 9 

Agee 11.9(4.5-15.3) 9.0(1.7-16.7) 8.8(4.9-18.4) 8.3(5.4-16.3) 

(years) ) 

Durationn of dialysis 4.6 (1.3-7.2) 1.6 (0.3-4.2) 

(years) ) 

GFRR 14(6-49) 

(ml/min/1.73m2) ) 

GFR:: glomerular filtration rate 

TableTable 2. Primary renal disease. 

PDD HD CRF 

Urologiee malformation 1 2 5 

Glomerulopathyy 3 0 3 

Hemolyticc uremic syndrome 1 2 1 

Metabolicc disease 0 1 0 

Congenitall disease 1 2 0 

Otherr diseases 1 1 0 

Unknownn 1 0 0 

Urologiee Malformation: 6 children with urethral valves, 1 reflux nephropathy, 1 neurogenic bladder. Glomerulopathy: 
33 children with focal segmental glomerulosclerosis, 1 rapidly progressive glomerulonephritis, 1 Alport syndrome, 1 
Henochh Schönlein-purpura nephritis. Metabolic disease: 1 child with oxalosis. Congenital disease: 2 children with 
nephronophtisis,, 1 polycystic kidney disease. Other diseases: 2 children with acute tubular necrosis. 

CellCell isolation 

Peripherall blood mononuclear cells (PBMC) were isolated from heparin blood by 

Ficoll-lsopaquee density centrifugation. PBMC were frozen in 20% DMSO containing medium 

(75%% wt/vol Earles's balanced salt solution, Tris buffered, 25% wt/vol fetal clone serum and 

penicillin/streptomycin)) and stored in liquid nitrogen until use. 
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B-cellB-cell phenotype assay 

PBMCC were washed with PBAP (phosphate-buffered saline solution supplemented 
withh 0.5% wt/vol bovine serum albumin, 0.01% wt/vol sodium azide and 0.5 mmol/L 
potassium-EDTA)) and centrifugated (500 g, 10 min). Subsequently, cells were incubated 
withh saturating amounts of CD2- FITC (Beckton Dickinson (BD) Immunocytometry Systems, 
Sann Jose, California), CD19-Percp (BD), CD5-FITC (BD), CD27-FITC (Sanquin blood 
supplyy foundation, CLB, Amsterdam), IgM-FITC (Pharmingen, BD) and IgD-PE 
(Pharmingen,, BD) labelled monoclonal antibodies (moAb) for 30 minutes on ice in the dark. 
Afterr incubation the cells were again washed with PBAP and centrifugated (500 g, 10 min). 
Floww cytometry analysis was performed directly thereafter with the FACS-Calibur (BD). The 
lymphocytee population was gated on the basis of forward-sideward scatter. B-lymphocytes 
weree distinguished with anti-CD19 moAb. The percentage subset-positive or -negative B-
lymphocytess were measured. A peripheral white blood cell count and differentiation was 
performedd in all patients on a H3-Technicon counter (Technicon Instruments, Tarrytown, 
NY).. The absolute count was calculated by the percentage subset-positive or -negative B-
cellss obtained from the flow cytometry multiplied by the absolute B-cell count. The absolute 
B-celll count was calculated by the percentage CD19+ B-cells multiplied by the absolute 
lymphocytess number. 

T-cellT-cell function assay 

Thiss assay was performed with the BDIS Fastlmmune™ Cytokine System (BD) and 

iss based on the detection of intracellular cytokines in activated lymphocytes [23;24]. PBMC 

weree stimulated with PMA (Phorbol 12-Myristate 13 Acetate, final concentration 20 

ng/ml_),lonomycinn (final concentrationl^ig/mL) and BFA (Brefeldin-A, final concentration 10 

|ig/ml_)) (all from Sigma, St. Louis, MO). Cells were incubated for 4 hours at 37 , 7% CO2. 

Thiss was followed by cell-surface staining with CD3-FITC, CD4-APC, CD8-Percp, leucogate 

andd isotype-matched negative control moAb for 30 min on ice in the dark. Prior to the 

intracellularr cytokine staining procedure cells were permeabilized with FACS Permeabilising 

Solutionn (BD) for 10 minutes in the dark. Thereafter, saturating amounts of PE-conjugated 

anti-IFN-y,, anti-IL-2 and anti-IL-4 moAb were added and incubated for 30 min at room 

temperature.. Cells were fixed with Cellfix (BD). Flow cytometry analysis was performed on a 

FACS-Caliburr (BD). The percentage cytokine producing lymphocytes and cytokine 

producingg CD4+ or CD8+ T-cells were measured. 

InIn vitro Ig production assay 

Cellss were resuspended in Iscove's modified Dulbecco's medium (IMDM) 

containingg 10% fetal calf serum (FCS), 0.1% p2-mercapto-ethanol, human transferrin 20 

|ig/mLL and penicillin/streptomycin. Thereafter, PBMC were cultured (20.000 PBMC/well), 

unstimulatedd or stimulated under two different conditions: a combination of CD2-triple (CD2 

triple,, ascites; CLB-T11.1/1, final dilution 1:125, CLB-T11.2/1, final dilution 1: 125 and 

HIK27,, final concentration 5 |ig/mL) and CD28 (ascites, final dilution 1:1000) or a 
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combinationn of SAC (Staphyloccal Aureus Cowan, final dilution 1:10000) and IL-2 (50 U/ml) 

forr 8 days. Culture supernatant was collected and stored at -20 C until use. I g d , lgG2 and 

IgMM content in supernatant were measured by ELISA [25]. 

StatisticalStatistical analysis 

Thee results are expressed as medians (range). Differences between the groups 
weree tested with Kruskall-Wallis one-way analysis of variance. In case of significance, the 
Mann-Whitney-UU test was performed to analyze differences between two groups. 
Longitudinall data were analyzed with a Friedman trend analysis and differences between 
twoo time points with the paired Wilcoxon test. Two sided p-values < 0.05 were considered 
significant. . 

RESULT S S 

BB cell subset distribution 

Thee medians (ranges) of the lymphocytes numbers and subsets are listed in Table 
3,, and the relative B-cell subset composition is depicted in Figure 1. The total lymphocyte 
countt was lower in HD (P=0.015) and CRF (P=0.008) children compared with HC. The 
absolutee CD19+ B-lymphocyte number was reduced only in HD children (P=0.04). The 
percentagee IgM" IgD" B-cells was not significantly different among all groups. However, 
theree was a trend towards lower percentages IgM" IgD" B-cells in PD, HD and CRF children 
comparedd to HC (Figure 1). The percentage (p=0.002) and the absolute number of CD27+ 

B-cellss (p=0.016) were lower in PD children compared with HC. This was also found in HD 
childrenn (P=0.027 and P=0.02) compared with HC. The absolute number of memory 
IgM"" IgD" B-cells was reduced only in HD children (P=0.046). No significant differences 
weree found for children with CRF when compared to HC. CD5+ B-cells both, percentage and 
absolutee number were lower in HD (P=0.046 and P=0.004) children compared with HC 
(Figuree 1 and Table 3). 

Noo significant changes of B-cell subsets occurred in the longitudinal analysis, during 
thee first year of PD treatment (Figure 2, data shown only for IgM" IgD" B-cells). 

TT helper cell functions 

Noo differences were found in the proportion IFN-y, IL-2 and IL-4 producing total 

lymphocytess numbers (data not shown). However, in the CD4+ T-cell population, HD 

childrenn showed a significant lower percentage IL-2 producing cells compared with CRF 

childrenn (Figure 3, P=0.027). CRF children had more IFN-y producing cells in the CD8+ T-cell 

populationn compared with HC (Figure 3, P=0.015). Furthermore, HD children had a lower 

proportionn IFN-y producing CD8+ T-cells compared with CRF children (Figure 3, P=0.028). 

Noo differences were found in the T-cell IL-4 production between the groups (Figure 3). 
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TableTable 3. Phenotypic characteristics of CD19* B-lymphocytes. 

PDD HD CRF HC 

Lymphocytes s 

CD19+ + 

IgMlgD" " 

CD27+ + 

CD5+ + 

2.88 (2.2-3.2) 

0.68(0.13-0.97) ) 

0.08(0.04-0.11) ) 

0.07'(0.03-0.13) ) 

0.211 (0.02-0.52) 

1.9(0.6-3.5)) 2.0" (0.9-3.0) 2.8(2.1-4.2) 

0.22"" (0.07-1.33) 0.73(0.07-2.09) 0.56(0.35-0.96) 

0.05** (0.004-0.15) 0.04 (0.004-0.25) 0.09 (0.06-0.14) 

0.04** (0.01-0.15) 0.09 (0.02-0.29) 0.13 (0.06-0.28) 

0.03"" (0.01-0.16) 0.11(0.02-0.88) 0.18(0.06-0.45) 

Resultss are given in median (range) absolute number (x10 /Lj. PD, peritoneal dialysis; HD, hemodialysis: CRF, chronic 
renall failure, not yet dialyzed; HC, healthy controls. P<0.05, "P<0.01 

TableTable 4. In vitro Ig production. 

igGi i 

igG2 2 

igM M 

Unstim m 

CD2/CD28 8 

SAC/II L-2 

SAC/IL-2 2 

Unstim m 

CD2/CD28 8 

SAC/IL-2 2 

PD D 

3.8(1-17) ) 

30(19-110) ) 

0.2(0.001-5.1) ) 

<11 (<1-92) 

1.5(1-30) ) 

1.4(0.2-15.0) ) 

8.6(1-74) ) 

HD D 

2.7(1-9) ) 

266 (1-55) 

0.22 (0.03-0.6) 

<11 (<1-30) 

<11 (<1-9) 

1.7(0.03-4.5) ) 

3(1-5) ) 

CRF F 

5.66 (3-39) 

74(1-602) ) 

0.11 (0.02-1.1) 

7(<1-50) ) 

<11 (<1-12) 

1.3(0.07-12.6) ) 

2.11 (1-38) 

HC C 

3.7(1-13) ) 

32(1-263) ) 

0.2(0.001-1.7) ) 

<11 (<1-30) 

<11 (<1-7) 

1.77 (0.06-5.4) 

1.4(1-14) ) 

Resultss are given in median (range). IgG^unstim and with anti-CD2/CD28 in ng/mL. IgG, with SAC/IL-2 in ^ig/mL 
IgMM unstim in ng/mL. IgM CD2/CD28 and SAC/IL-2 stimulation in ug/mL. Unstim; unstimulated. 

Inn the longitudinal analysis, during the first year of PD treatment no significant 

changess of cytokine production were present (Figure 4, data shown for IFN-yin CD8+ T-cells 

andd IL-2 in CD4+ T-cells). 

inin vitro Ig production 

Noo significant differences were found in the in vitro IgGi, lgG2 or IgM production 
amongg all groups (Table 4). However, the range of Ig production was very wide. lgG2 
productionn could only be detected in the cell cultures stimulated with SAC and IL-2. 

Inn the longitudinal analysis, during the first year of PD treatment no alterations were 
foundd in the Ig production (Figure 5, data shown for IgGi). 
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FigureFigure 1. The percentage of subsets of B-cells. PD, peritoneal dialysis; HD, hemodialysis; CRF, chronic 

renalrenal failure; HC, healthy controls. 
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FigureFigure 2. Longitudinal follow-up of the percentage lglvngD~ B-lymphocytes during the first year of 

peritoneall dialysis (PD) treatment. 
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DISCUSSION N 
Thee present study has shown that dialysis treated children had lower numbers of 

IgM"/IgD"" and CD27+ B-lymphocytes, qualified as memory B-cells. Compared to healthy 
controls,, the lowest numbers were found in HD children. However, the in vitro Ig production 
off PBMC was not different among all groups. Differences in T-helper cell cytokine secretion 
cannott explain the lower memory cell count since cytokine production was not significantly 
differentt between HD, PD and healthy children. 

"Immunologicall memory" is important for a strong antibacterial and antiviral 
defence.. B-cells differentiate from lymphoid stem cells into mature B-cells in the bone 
marrow,, and through contact with antigen in secundary lymphoid tissues, they form germinal 
centerss and undergo differentiation into memory cells or plasma cells [26]. IgM is expressed 
onn immature B-cells. Both, IgM and IgD expression occur on mature B-cells. In the germinal 
centers,, B-cells undergo somatic hypermutation, isotype switching and affinity maturation. 
IgMM and IgD expression is lost whereas IgG, IgA or IgE appear on the surface of plasma 
cellss and memory B cells [27]. T-cells present in the germinal centers play an important role 
inn this B-cell differentiation process by cross-linking of the CD40 molecule on the B-cell 
surfacee and CD40-ligand (CD40L) from T-cells [28,29]. Indeed, patients with hyper IgM 
syndrome,, who have a mutation of CD40L, fail to produce IgG and IgA [30,31]. 
Bothh CD5 and CD27 were originally described as T-cell surface markers. In humans, CD5+ 

B-cellss or naive B-cells are the first B-cells appearing in lymphoid tissues during early 
developmentt and are present at very high frequency in the blood of newborns, diminishing 
throughh childhood and adulthood [32]. Furthermore, CD5 is expressed on the majority of 
peritoneall B-lymphocytes [33]. CD5+ B-cells secrete predominantly IgM [32]. Most CD5+ B-
cellss are found among lgM+lgD+ B-lymphocytes [34]. The hypothesis that PD children might 
havee lower CD5+ B-cell count in blood because of peritoneal loss was not confirmed by our 
study.. Similar results were found by Donze et al. in adult CAPD patients [33]. Only HD 
childrenn had lower percentage and absolute number of CD5+ B-cells compared to HC. 

CD277 is a marker for memory cells and is expressed on only a small proportion of 
B-cells,, in contrast to T-cells [35,36]. The percentage CD27+ B-cells increases with age 
[8,9].. Low IgG production found in patients with X-linked hyper-IgM syndrome result from 
reducedd numbers of lgD"CD27+ memory B-cells [37]. Data on memory B-cells are not yet 
availablee in uremic children and adults. Although the percentage IgM" IgD" memory B-cells 
waswas not significantly lower in PD, HD and CRF children compared to HC, the lower absolute 
countss were present in PD and HD children. For the CRF group, significance was just not 
reached.. A low IgM" IgD" count could be the result of a low total lymphocyte number in our 
patients.. However, the total lymphocyte count was not reduced in PD children. For CD27, 
bothh percentage and absolute number of positive B-cells were reduced, but again in CRF 
childrenn the significance was not reached. Thus, dialysis patients have lower number of 
memoryy B-cells which might already be present before starting dialysis treatment. Possible 
explanationss for this are a general suppression, sub-optimal T-helper activity or disturbances 
inn B-cell migration process caused by uremia. Irrespective of the mechanism of memory B-
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celll reduction, the consequence might be a lower capacity to mount a secondary immune 
response.. Memory B-cells produce IgG earlier after exposure to antigen and have higher-
affinityy antigen receptors compared to unprimed B-cells. Further studies are needed to 
analyzee the relation between B-cell subset differences in uremic patients and the lower IgG 
andd subclasses levels as has been reported previously [5]. 
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FigureFigure 3. The proportion of cytokine (IFNy, IL-2 and IL-4) producing T-helper (CD4+) and T-suppressor 
(CD8+)) lymphocytes. PD, peritoneal dialysis; HD, hemodialysis; CRF, chronic renal failure; HC, healthy 
controls.. *P<0.05. 

Inn contrast to other studies [38,39], we found that PBMC, unstimulated and after 
stimulationn with anti-CD2/CD28 moAb or SAC/IL2 produced equal amounts of IgGi, lgG2 
andd IgM in vitro compared to HC. The discrepancy between the studies can be explained by 
differencess in methods such as stimulation conditions and patient number. Furthermore, the 
rangee of Ig levels was very wide and significant differences can only be found when a large 
numberr of patients is considered. In addition, since CD27+B-cells are responsible for Ig 
productionn in vitro, it would be interesting to compare CD27+ B -cell numbers with Ig 
secretionn in a larger number of patients. It should be noted however, that in the in vitro B-cell 

156 6 



Memoryy B cells in CRF 

differentiationn assay interact with different cell types, cytokines and membrane receptors. 
Therefore,, although dependent on the input of CD27+ B-cells, Ig secretion may not 
necessarilyy correlate with the subset in a quantitave way. 

Duratio nn of PD treatmen t (months ) 
FigureFigure 4. Longitudinal follow-up of the T-cell cytokine production in peritoneal dialysis (PD) children 
duringg the first year of dialysis treatment. 
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FigureFigure 5. The in vitro IgGi production by lymphocytes from children during the first year of peritoneal 
dialysiss (PD) treatment 

Interferon-yy is a cytokine released predominantly by CD4+ T cells of the Th1 type, 

CD8++ T cells and natural killer (NK) cells. This cytokine is involved in B-cell differentiation, Ig 

andd subclass production and IgG subclass switch [12,13,40]. Furthermore I FN-y promotes 

thee activity of antigen presenting cells, and maintains and enhances the functional properties 

off phagocytes. IFN-y treatment in patients with chronic granulomatous disease decreases 

thee frequencies of serious infections [41]. Lower amount of IFN-y released by peritoneal 

lymphocytess from PD patients with high peritonitis incidence in comparison with patients 
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withh low peritonitis incidence and healthy persons has been reported by Lamperi et a/.[42]. 

Thee bacterial killing of peritoneal macrophages improved after treatment with IFN-y. Lu era/, 

demonstratedd that IFN-y levels in peritoneal dialysis effluent of PD patients with peritonitis 

couldd only be detected during Staphyloccus aureus or Staphyloccus epidermidis peritonitis. 

Serumm levels were below the detection limit [43]. The toxicity of peritoneal dialysis solutions 

onn immunological function of peritoneal cells, might reduce the production of cytokines by 

peritoneall lymphocytes during PD. We found no significant differences in IFN-y production 

byy peripheral blood T-lymphocytes in CRF, PD and HD children but we did not measure the 

cytokinee production of peritoneal lymphocytes. We could not confirm the Th1/Th2 

imbalance,, previously reported in patients treated with dialysis [17]. Differences in 

methodology,, age of the patients and low patient number are possible explanations for this 

discrepancy. . 

Inn conclusion, children with chronic renal failure, especially those treated with 

dialysis,, have lower numbers of memory B-cells. This reduction may contribute to the low Ig 

levelss found in these children. 

REFERENCES S 

1.. Fivush B, Case B, May M, Lederman H: Hypogammaglobulinemia in children undergoing 
continuouss ambulatory peritoneal dialysis. Pediatric Nephrology 3:186-188, 1989 

2.. Schroder C, Bakkeren J, Weemaes C, Monnens L: lgG2 Deficiency in young children treated with 
continuouss ambulatory peritoneal dialysis (CAPD). Peritoneal Dialysis Int. 9:261-265, 1989 

3.. Neu AM, Case BW, Lederman HM, Fivush BA: IgG subclass levels in pediatric patients on chronic 
peritoneall dialysis. Pediatric Nephrology186-188, 1995 

4.. Katz A, Kashtan CE, Greenberg LJ, Shapiro RS, Nevins TE, Kim Y: Hypogammaglobulinemia in 
uremicc infants receiving peritoneal dialysis. J.Pediatr. 117:258-261, 1990 

5.. Bouts AHM, Davin JC, Krediet RT, van der Weel MB, Schroder CH, Monnens LA, Nauta J, Out TA: 
IgGG and subclasses in children before and after starting peritoneal dialysis, (abstract) 
Immunol.Lett.. 56:333-333, 1997 

6.. Sprent J: T and B memory cells. [Review] [90 refs]. Cell 76:315-322, 1994 

7.. Klein U, Kuppers R, Rajewsky K: Evidence for a large compartment of IgM-expressing memory B 
cellss in humans. Blood 89:1288-1298,1997 

8.. Agematsu K, Nagumo H, Yang FC, Nakazawa T, Fukushima K, Ito S, Sugita K, Mori T, Kobata T, 
Morimotoo C, Komiyama A: B cell subpopulations separated by CD27 and crucial collaboration of 
CD27++ B cells and helper T cells in immunoglobulin production. Eur.J.Immunol. 27:2073-2079, 
1997 7 

9.. Maurer D, Holter W, Majdic O, Fischer GF, Knapp W: CD27 expression by a distinct subpopulation 
off human B lymphocytes. Eur.J.Immunol. 20:2679-2684, 1990 

10.. Maurer D, Fischer GF, Fae I, Majdic 0, Stuhlmeier K, Von JN, Holter W, Knapp W: IgM and IgG 
butt not cytokine secretion is restricted to the CD27+ B lymphocyte subset. J.Immunol. 148:3700-
3705,, 1992 

158 8 



Memoryy B cells in CRF 

11.. Youinou P, Jamin C, Lydyard PM: CD5 expression in human B-cell populations. [Review] [60 refs]. 
Immunol.Todayy 20:312-316, 1999 

12.. Inoue R, Kondo N, Kobayashi Y, Fukutomi O, Orii T: lgG2 deficiency associated with defects in 
productionn of interferon-gamma; comparison with common variable immunodeficiency. 
Scand.J.Immunol.. 41:130-134, 1995 

13.. Nakagawa T, Hirano T, Nakagawa N, Yoshizaki K, Kishimoto T: Effect of recombinant IL 2 and 
gamma-IFNN on proliferation and differentiation of human B cells. J.Immunol. 134:959-966, 1985 

14.. Mosmann TR, Sad S: The expanding universe of T-cell subsets: Th1, Th2 and more [see 
comments].. [Review] [94 refs]. Immunol.Today 17:138-146,1996 

15.. Descamps-Latscha B, Chatenoud L: T cells and B cells in chronic renal failure. [Review] [83 refs]. 
Semin.Nephrol.. 16:183-191, 1996 

16.. Kelly CJ: T cell function in chronic renal failure and dialysis. [Review] [33 refs]. Blood Purif. 12:36-
41,, 1994 

17.. Zamauskaite A, Perez-Cruz I, Yaqoob MM, Madrigal JA, Cohen SB: Effect of renal dialysis therapy 
modalityy on T cell cytokine production. Nephrol.Dial.Transplant. 14:49-55,1999 

18.. Kimmel PL, Phillips TM, Phillips E, Bosch JP: Effect of renal replacement therapy on cellular 
cytokinee production in patients with renal disease. Kidney Int 38:129-135,1990 

19.. Zemel D, Krediet RT, Koomen GC, Kortekaas WM, Geertzen HG, ten Berge, RJ.: lnterleukin-8 
duringg peritonitis in patients treated with CAPD; an in-vivo model of acute inflammation. 
Nephrol.Dial.Transplant.. 9:169-174, 1994 

20.. Zemel D, Krediet RT: Cytokine patterns in the effluent of continuous ambulatory peritoneal dialysis: 
relationshipp to peritoneal permeability. [Review]. Blood Purif. 14:198-216, 1996 

21.. Betjes MG, Visser CE, Zemel D, Tuk CW, Struijk DG, Krediet RT, Arisz, Beelen RH: Intraperitoneal 
interleukin-88 and neutrophil influx in the initial phase of a CAPD peritonitis. Perit.Dial.Int. 16:385-
392,, 1996 

22.. Schwartz GJ, Haycock GB, Edelmann CMJ, Spitzer A: A simple estimate of glomerular filtration 
ratee in children derived from body length and plasma creatinine. Pediatrics 58:259-263,1976 

23.. Picker LJ, Singh MK, Zdraveski Z, Treer JR, Waldrop SL, Bergstresser, PR, Maino VC: Direct 
demonstrationn of cytokine synthesis heterogeneity among human memory/effector T cells by flow 
cytometry.. Blood 86:1408-1419, 1995 

24.. Jung T, Schauer U, Heusser C, Neumann C, Rieger C: Detection of intracellular cytokines by flow 
cytometry.. J.Immunol.Methods 159:197-207, 1993 

25.. Out TA, van de Graaf EA, van den Berg NJ, Jansen HM: IgG subclasses in bronchoalveolar lavage 
fluidd from patients with asthma. Scand.J.Immunol. 33:719-727, 1991 

26.. Sprent J: Immunological memory. [Review] [96 refs]. Curr.Opin.Immunol. 9:371-379, 1997 

27.. McHeyzer-Williams MG, Ahmed R: B cell memory and the long-lived plasma cell. [Review] [75 
refs].. Curr.Opin.lmmunol. 11:172-179, 1999 

28.. Ahmed R, Gray D: Immunological memory and protective immunity: understanding their relation. 
[Review]] [75 refs]. Science 272:54-60, 1996 

29.. Foy TM, Laman JD, Ledbetter JA, Aruffo A, Claassen E, Noelle RJ: gp39-CD40 interactions are 
essentiall for germinal center formation and the development of B cell memory. J.Exp.Med. 
180:157-163,, 1994 

30.. Allen RC, Armitage RJ, Conley ME, Rosenblatt H, Jenkins NA, Copeland, NG, Bedell MA, Edelhoff 
S,, Disteche CM, Simoneaux DK: CD40 ligand gene defects responsible for X-linked hyper-IgM 
syndromee [see comments]. Science 259:990-993,1993 

159 9 



Chapterr 10 

31.. Renshaw BR, Fanslow WC, Armitage RJ, Campbell KA, Liggitt D, Wright B, Davison BL, 
Maliszewskii CR: Humoral immune responses in CD40 ligand-deficient mice. J.Exp.Med. 180:1889-
1900,, 1994 

32.. Fischer M, Klein U, Kuppers R: Molecular single-cell analysis reveals that CD5-positive peripheral 
bloodd B cells in healthy humans are characterized by rearranged Vkappa genes lacking somatic 
mutation.. J.Clin.Invest. 100:1667-1676, 1997 

33.. Donze HH, Lue C, Julian BA, Kutteh WH, Kantele A, Mestecky J: Human peritoneal B-1 cells and 
thee influence of continuous ambulatory peritoneal dialysis on peritoneal and peripheral blood 
mononuclearr cell (PBMC) composition and immunoglobulin levels. Clin.Exp.Immunol. 109:356-
361,1997 7 

34.. Bhat NM, Kantor AB, Bieber MM, Stall AM, Herzenberg LA, Teng NN: The ontogeny and functional 
characteristicss of human B-1 (CD5+ B) cells. Int.Immunol. 4:243-252, 1992 

35.. Klein U, Rajewsky K, Kuppers R: Human immunoglobulin (lg)M+lgD+ peripheral blood B cells 
expressingg the CD27 cell surface antigen carry somatically mutated variable region genes: CD27 
ass a general marker for somatically mutated (memory) B cells. J.Exp.Med. 188:1679-1689, 1998 

36.. Agematsu K: Memory B cells and CD27. [Review] [21 refs], Histol.Histopathol. 15:573-576, 2000 

37.. Agematsu K, Nagumo H, Shinozaki K, Hokibara S, Yasui K, Terada K, Kawamura N, Toba T, 
Nonoyamaa S, Ochs HD, Komiyama A: Absence of lgD-CD27(+) memory B cell population in X-
linkedd hyper-IgM syndrome. J.Clin.Invest. 102:853-860, 1998 

38.. Degiannis D, Mowat AM, Galloway E, Tsakiris D, Briggs JD, Junor BJ, Parrott DM: In vitro analysis 
off B lymphocyte function in uraemia. Clin.Exp.lmmunol. 70:463-470, 1987 

39.. Kurz P, Kohier H, Meuer S, Hutteroth T, Meyer zum Buschenfelde KH: Impaired cellular immune 
responsess in chronic renal failure: evidence fora T cell defect. Kidney Int 29:1209-1214, 1986 

40.. Schultz CL, Coffman RL: Control of isotype switching by T cells and cytokines. [Review]. 
Curr.Opin.Immunol.. 3:350-354, 1991 

41.. Schiff DE, Rae J, Martin TR, Davis BH, Curnutte JT: Increased phagocyte Fc gammaRI expression 
andd improved Fc gamma-receptor-mediated phagocytosis after in vivo recombinant human 
interferon-gammaa treatment of normal human subjects. Blood 90:3187-3194, 1997 

42.. Lamperi S, Carozzi S: Interferon-gamma (IFN-gamma) as in vitro enhancing factor of peritoneal 
macrophagee defective bactericidal activity during continuous ambulatory peritoneal dialysis 
(CAPD).. Am.J.Kidney Dis. 11:225-230, 1988 

43.. Lu Y, Hylander B, Brauner A: lnterleukin-10, interferon gamma, interleukin-2, and soluble 
interleukin-22 receptor alpha detected during peritonitis in the dialysate and serum of patients on 
continuouss ambulatory peritoneal dialysis. Perit.Dial.Int. 16:607-612, 1996 

160 0 


