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Summary

 

While most of our understanding of immune dysfunction in dialysis patients
involves alterations in CD28–CD80/86 signalling, nothing is known of CD46-
mediated co-stimulation of T cells in these patients. Because C3b/C4b bind to
CD46 and complement activation occurs during haemodialysis (HD), we
addressed whether CD46-mediated T cell activation is altered in HD (

 

n

 

 = 9),
peritoneal dialysis (PD) (

 

n

 

 = 10) and predialysis patients (

 

n

 

 = 8) compared to
healthy controls (HC) (

 

n

 

 = 8). T cell surface markers, T cell proliferation and
interleukin (IL)-10 production were studied in CD4

 

+

 

T cells. In addition,
CD46 splice-variants and IL-10 promoter gene polymorphisms were studied
by reverse transcription (RT)  or amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR), respectively. In all uraemic patients,
irrespective of the stage of renal insufficiency or dialysis modality, a signifi-
cant increase in the percentage of CD25 positivity in naive CD4

 

+

 

T cells was
found (64% 

  

±±±±

 

 21% 

 

versus

 

 23% 

  

±±±±

 

 18%, 

 

P

 

 

  

<<<<

 

 0·001). Lymphocytes of HD
patients proliferated in greater numbers and produced more IL-10 after co-
stimulation with anti-CD46 than after co-stimulation with anti-CD28. This
was also found in CD4

 

+

 

T cells of PD patients, albeit to a lesser extent. In con-
trast, with T cells of predialysis patients and of HC, co-stimulation via CD28
was more efficient. The observed alterations in T cell proliferation and IL-10
production were associated neither with CD46 splice variants nor with IL-10
promoter gene polymorphisms. Lymphocytes of HD patients show an
increased response on CD46 co-stimulation. These data suggest that ongoing
complement activation in HD patients may lead to alterations in acquired
immunity.
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Introduction

 

Despite enormous improvements in the treatment of end-
stage renal disease (ESRD) patients by renal replacement
therapy an insidious pitfall of dialysis is still an increased risk
for complications such as cardiovascular disease [1].
Uraemic toxins as well as continuous blood–membrane con-
tact during HD sessions contribute mainly to the immune
dysfunction in patients with chronic renal failure (CRF) [2].
It is generally believed that immune dysfunction in such
patients is independent of the underlying disease and
becomes manifest early in the course of renal insufficiency
[3]. After cardiovascular disease, infections are the second
most common cause of death in haemodialysis (HD)
patients [4] and lead frequently to hospitalization [5].

Mortality risk due to sepsis is about 250-fold higher among
HD patients than in the general population [6]. Further-
more, immune dysfunction is reflected by a poor vaccination
response against T helper dependent antigens, e.g. hepatitis
B or influenza, while the response against T helper indepen-
dent antigens, such as pneumococci, seems to be unaffected
[7–9]. Although the cause of immune dysfunction in CRF
patients thus far has not completely been delineated,
uraemia 

 

per se

 

 seems to play a pivotal role.
Over the past decade research has focused on the role of

antigen-presenting cells (APC) that might be functionally
altered in an uraemic milieu. Meuer 

 

et al

 

. have suggested that
the antigen-presenting function of monocytes is impaired in
uraemic patients [10]. A few years later this was substanti-
ated by the findings of Girndt 

 

et al.

 

, demonstrating a
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defective B7/CD28 pathway in haemodialysis patients [11]
caused by a diminished expression of CD86 on monocytes
[12].

Immune dysfunction might also occur as a consequence
of uraemia-associated complement activation [13,14]. This
is aggravated further by therapy modalities, especially in HD
patients, due to repeated contact between mononuclear cells
and the dialysis membrane. This might result in the activa-
tion of mononuclear cells and release of large quantities of
cytokines [15,16]. The transmembrane protein CD46 is a
ubiquitously expressed complement regulatory protein that
acts as a co-factor for the cleavage of C3b and C4b comple-
ment products by factor I [17]. Recently, it has emerged that
besides its binding function, CD46 also acts as alternative co-
stimulatory molecule for T cells inducing interleukin (IL)-10
secreting regulatory T cells [18–20].

Among the cytokines, IL-10 has a special position by vir-
tue of its propensity to control chronic inflammation
[21,22]. High and low IL-10 producers can be distinguished
genetically by single nucleotide polymorphisms (SNPs) in
the promoter region of the IL-10 gene [23]. In dialysis
patients low IL-10 production is associated with increased
levels of C-reactive protein [24]. Moreover, a diminished
vaccination response against hepatitis B is generally found in
low IL-10 producers, and cardiovascular complications
occurs significantly more often in this group of dialysis
patients.

Paradoxically, although the role of activated complement
components as endogenous adjuvants in vaccination
responses has been recognized widely [25], in HD patients
impairment of these responses occurs despite complement
activation during dialysis sessions [8]. Therefore involve-
ment of complement activation in immune dysfunction
needs to be elucidated in more detail.

We reasoned that an increased CD46-mediated T cell acti-
vation might explain the immune dysfunction in HD
patients. We therefore investigated phenotypically and func-
tionally CD4

 

+

 

 T cells in HD, PD and predialysis patients and
healthy controls.

 

Materials and methods

 

Patients

 

Nineteen chronic dialysis patients (nine HD, 10 PD
patients) from our out-patient dialysis clinic and eight
patients with CRF (CrCl 

 

<

 

 20 ml/min) not yet undergoing
renal replacement therapy were included in this study. The
study was approved by the local ethic committee and all
patients gave informed consent. Exclusion criteria were
clinical signs of the presence of an acute inflammatory pro-
cess, the use of immunosuppressive drugs, evidence of
active malignancy, dialysis duration less than 12 months
and spKt/V 

 

<

 

 1·19 (urea) in patients undergoing chronic
intermittent haemodialysis and weekly Kt/V 

 

<

 

 2·1 (urea) in

patients on PD. Patients were also excluded if leucocytes
exceeded 11 000/

 

m

 

l or if CRP values were higher than
15 mg/l. HD patients were treated with polysulphone mem-
branes (one of nine F60 S, one of nine F8 HPS, six of nine
F7 HPS all from Fresenius, Bad Homburg, Germany, one of
nine Arylane, Hospal, München, Germany), three of 10 PD
patients with ‘Fresenius Stay Safe’ (Fresenius, Bad Hom-
burg, Germany), four of 10 with ‘Baxter IDS’ and five of 10
with ‘Baxter Home Choice Pro’ (Baxter, Unterschleißheim,
Germany). Pre-dialysis patients included in this study had a
creatinine-clearance 

 

<

 

 20 ml/min calculated with the Cock-
rofft formula and showed no clinical signs of uraemia. The
underlying diseases and further clinical and laboratory
characteristics are shown in Table 1. Healthy control indi-
viduals were recruited from our clinic and laboratory

 

Table 1.

 

Patient characteristics.

HD

patients

PD

patients

Predialysis 

patients

 

n

 

9 10 8

Age 68·2 

 

± 

 

13·4 61·6 

 

± 

 

15·8 66·3 

 

± 

 

14·1

Gender (m/f) 7/2 6/4 6/2

RRT (years) 2·4 

 

± 

 

1·6 2·2 

 

± 

 

1·6 –

Diagnosis

DN 1 2 4

SLE 1 0 0

Hypernephroma 1 0 0

IgA nephropathy 1 1 0

Nephrolithiasis 1 0 1

Hypertension 2 1 1

PKD 0 1 0

GN 0 2 0

Unknown 2 3 2

Hb (g/dl) 11·2 

 

± 

 

0·9 12·4 

 

± 

 

1·8 10·5 

 

± 

 

1·4

WBC (10

 

9

 

 cells/l) 7·2 

 

± 

 

1·5 7·2 

 

± 

 

1·8 6·5 

 

± 

 

1·5

CRP (mg/l) 5·2 

 

± 

 

3·9 3·8 

 

± 

 

3·3 8·6 

 

± 

 

4·3

Albumin (g/l) 33·2 

 

± 

 

3·8 30·7 

 

± 

 

2·3 30·4 

 

± 

 

4·8

Ca

 

2+

 

 (mmol/l) 2·3 

 

± 

 

0·3 2·3 

 

± 

 

0·3 2·1 

 

± 

 

0·2

PO

 

4
2–

 

 (mmol/l) 1·4 

 

± 

 

0·3 1·4 

 

± 

 

0·4 1·7 

 

± 

 

0·2

PTH (ng/l) 96 

 

± 

 

32 168 

 

± 

 

126 280 

 

± 

 

159

Urea

(mg/dl) 107·5 

 

± 

 

39·3 84·9 

 

± 

 

35·6 155·0 

 

± 

 

31·7

(mmol/l) 17·9 

 

± 

 

6·5 14·1 

 

± 

 

5·9 25·8 

 

± 

 

5·3

CrCl (ml/min) – 105·0 

 

± 

 

42·6

 

a

 

12·2 

 

± 

 

5·2

Creatinine

(mg/dl) 7·1 

 

± 

 

2·5 7·7 

 

± 

 

2·9 5·6 

 

± 

 

1·7

(

 

m

 

mol/l) 627·8 

 

± 

 

221·0 687·8 

 

± 

 

256·4 495·1 

 

± 

 

150·3

Kt/V 1·6 

 

± 

 

0·2 

 

b

 

2·9 

 

± 

 

0·7

 

c

 

–

 

a

 

In PD patients combined renal and peritoneal CrCl was calculated

on a weekly basis (litre*1·73 m

 

2

 

/week). 

 

b

 

spKt/V (urea) was calculated

according to Daugirdas and Ing. 

 

c

 

Weekly, combined renal and perito-

neal Kt/V (urea). RRT: renal replacement therapy, DN: diabetic nephr-

opathy, SLE: systemic lupus erythematodes, PKD: polycystic kidney

disease, GN: glomerulonephritis. There were no statistically significant

differences between the three patient groups. Statistical analysis was

performed by 

 

anova

 

 with Tukey–Kramer adjustment for multiple

comparisons.
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personnel (four female, four male) and had a mean age of
42·8 

 

±

 

 15·4 years. As the age distribution was different in
healthy controls and uraemic patients and to exclude an
age-related bias in our analysis, we compared a group of
healthy people aged 58 

 

±

 

 3 years with a group aged
28 

 

±

 

 3 years (

 

n

 

 = 4 each). No age-related differences were
observed.

 

Isolation of peripheral blood mononuclear cells (PBMC) 
and CD4

 

+

 

 T cells

 

Peripheral blood was obtained from HD patients through
the arterial access prior to dialysis session or by venipuncture
in PD and predialysis patients and healthy controls. PBMCs
were prepared by gradient centrifugation using Ficoll-
Hypaque (Amersham Biosciences, Freiburg, Germany). For
functional assays CD4

 

+

 

 T cells were isolated from PBMC by
negative selection (Miltenyi Biotec, Bergisch-Gladbach, Ger-
many). Overall purity of the isolated CD4

 

+

 

 T cells was above
95%.

 

Flow cytometry

 

Antigen expression on T lymphocyte subsets was deter-
mined by quadruple immunofluorescence staining using
directly conjugated antibodies. To this end, PBMC were
incubated for 30 min with specific monoclonal antibodies
directed against CD4, CD45RA, CD45RO, CD25, CD28,
CD46, CD69, HLA-DR and CCR7 (all from BD Bio-
sciences, Heidelberg, Germany). The antibodies were con-
jugated either to flouroisothyocyanate (FITC), R-
phycoerythrin (RPE), peridinin chlorophyll (PerCP) or
allophycocyanin, depending on the combination of specific
antibodies used. The cells were washed three times to
remove unbound antibodies and finally resuspended in
400 

 

m

 

l of FACS solution (BD Biosciences, Heidelberg, Ger-
many). Four-colour analysis was performed on a FACSCali-
bur flowcytometer (BD Biosciences, Heidelberg, Germany)
and the data were analysed using 

 

winmdi

 

 2·8 software.

 

T cell stimulation assays

 

Purified CD4

 

+

 

 T cells were seeded in high-binding 96-well
flat-bottomed plates (Greiner Bio-One, Frickenhausen,
Germany) coated with various concentrations of anti-CD3
(clone UCHT 1, R&D Systems, Wiesbaden, Germany)
alone or coated with anti-CD3 in combination with either
1 

 

m

 

g/ml anti-CD28 (clone 37407·11, R&D Systems) or
5 

 

m

 

g/ml anti-CD46 (clone E4·3, BD Biosciences). The cells
were cultured for 5 days in Iscove’s modified Dulbecco’s
medium containing 10% fetal calf serum (FCS) (both from
PAN Biotech, Aidenbach, Germany) and 1% penicillin/
streptomycin (Sigma, St Louis, MO, USA). After 4 days
50 

 

m

 

l of supernatant were collected to assess IL-10 pro-
duction. Subsequently 50 

 

m

 

l of [

 

3

 

H]-thymidine (1 

 

m

 

Ci)

(Amersham, Freiburg, Germany) containing culture
medium was added during the final 16 h of the culturing
period. The cells were harvested on special glass fibre fil-
ters (Wallac Oy, Turku, Finland) by an automatic cell
harvesting system (Inotech, Dottikon, Switzerland). [

 

3

 

H]-
thymidine incorporation was assessed by scintillation
counting in a liquid scintillation counter (LS 6500, Beck-
man Coulter, Krefeld, Germany). IL-10 production in the
supernatants was assessed by ELISA (BD Biosciences)
according to the manufacturer’s instructions.

 

DNA isolation and genotyping of the IL-10 promoter 
gene polymorphisms

 

DNA was extracted from 5 ml venous blood anticoagulated
with EDTA using the Wizard

 

®

 

 Genomic DNA Purification
Kit (Promega, Mannheim, Germany) according to the man-
ufacturer’s instructions.

Genotype analysis was performed by a highly specific
amplification refractory mutation system-polymerase chain
reaction (ARMS-PCR) as described previously by Girndt

 

et al

 

. [16]. PCR products were separated on 1·5% agarose gel.

 

Reverse transcription (RT)-PCR

 

Total RNA was extracted from PBMC and CD4

 

+

 

T cells
using RNA-Trizol (Gibco BRL, Eggenstein, Germany) and
finally dissolved in diethyl-pyrocarbonate (DEPC)-treated
water. To exclude amplification of contaminating genomic
DNA, DNAse I (Roche Diagnostics, Mannheim, Germany)
treatment was performed on all samples prior to cDNA
synthesis. Total RNA (0·5 

 

m

 

g) was reverse transcribed in
cDNA following the instructions of SuperScript TM II
Preamplification System (Life Technologies, Karlsruhe,
Germany).

PCR reactions were performed as described previously
[26]. Amplification was performed in a total volume of 25 

 

m

 

l
containing 0·5 

 

m

 

l of cDNA, 2·5 m

 

m

 

 of each dNTP, 2·5 U 

 

Taq

 

DNA polymerase, 20 pmol of each primer, 1·0 m

 

m

 

 Tris-HCl
(pH 8·8), 0·15 m

 

m

 

 MgCl

 

2

 

, 7·5 m

 

m

 

 KCl. After 1·5 min dena-
turation at 94

 

∞

 

C, amplification was initiated using 35 cycles,
each consisting of denaturation (94

 

∞

 

C, 0·5 min), primer
annealing (65

 

∞

 

C, 0·5 min) and primer extension (72

 

∞

 

C, 1·5
min). PCR products were separated on precast polyacryla-
mide gels (Amersham, Freiburg, Germany) and stained
using a sensitive silver-staining technique according to the
manufacturer’s manual (Amersham).

 

Statistical analysis

 

For statistical analysis Fisher’s exact test, unpaired Student’s

 

t-

 

test, Mann–Whitney 

 

U

 

-test and 

 

anova

 

 with Tukey–
Kramer adjustment for multiple comparisons (

 

stats direct

 

2·2.2) were applied, when appropriate. A P-value of P < 0·05
was considered to be significant.
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Results

Phenotypic changes in T cell subsets of uraemic patients

The percentage of CD4+ T cells did not differ between
uraemic patients and healthy controls. Although the overall
percentage of memory CD4+CD45RO+ T cells was slightly
increased in uraemic patients, this did not reach statistical
significance. Similarly, no differences were found between
the groups in the percentage of central memory CD4+ T cells
expressing the CCR7 receptor (Table 2). In contrast, the per-
centage of CD25 expressing cells in the naive CD4+CD45RA+

population was increased significantly in all groups of
uraemic patients (P < 0·001). There was no statistically sig-
nificant difference in the percentage of CD25 between the
groups in the memory population.

The surface expressions of CD28 and CD46 were analysed
to assess a potential influence on CD28- and CD46-mediated
co-stimulation. Both CD28 and CD46 were expressed uni-
formly on CD4+T cells from both uraemic patients and
healthy controls.

CD46-mediated T cell proliferation

Because complement activation occurs during dialysis ses-
sions in HD patients, we next investigated whether CD46-
mediated T cell co-stimulation was different in uraemic
patients and whether this was associated with dialysis modal-
ity. To establish co-stimulatory conditions, we first used dif-
ferent concentrations of plate-bound anti-CD3 either alone
or in conjunction with a fixed amount of plate-bound anti-
CD46 (5 mg/ml) or anti-CD28 (1 mg/ml). We used fixed
amounts of antibodies for CD28 (1 mg/ml) and CD46 (5 mg/
ml). In our system these concentrations appeared to be opti-
mal, i.e. higher concentrations of either CD28 or CD46 did
not result in a stronger co-stimulatory acitivity. In contrast,
decreasing the concentrations of the antibodies directly

affected the co-stimulatory capacities (data not shown).
Although complement activation is occurring in all uraemic
patients, HD patients are most affected. Therefore CD4+ T
cells obtained from three HD patients and healthy controls,
both selected randomly, were used to set up the experimental
conditions (Fig. 1). While, at a concentration of 0·1 mg/ml of
anti-CD3, the addition of anti-CD28 increased T cell prolif-
eration strongly in healthy controls (Fig. 1a), this was not
observed in HD patients (Fig. 1b). However, using this con-
centration of anti-CD3, the addition of anti-CD46 resulted
in a significant increase in T cell proliferation in HD patients
(Fig. 1). This was not observed in healthy controls. At high
concentrations of anti-CD3 there were no differences in T
cell-mediated co-stimulation, either for CD28 or for CD46
between uraemic patients and healthy controls. The co-
stimulatory capacity of anti-CD28 or anti-CD46 was most
efficient under conditions of 0·1 mg/ml of anti-CD3. High
concentrations of anti-CD3 (1·0 mg/ml or above) resulted
in T cell activation that was partially independent of co-
stimulation. Therefore, all further experiments were per-
formed using 0·1 mg/ml anti-CD3.

In HD patients CD46-mediated T cell proliferation was
significantly stronger compared to CD28-mediated T cell
proliferation (P < 0·0001, Fig. 2). T cells from PD patients
also showed a tendency towards an increased stimulation
through CD46. This was found neither in predialysis patients
nor in healthy controls. In healthy controls CD28-mediated
T cell proliferation was significantly stronger than in HD
patients (P = 0·035), while there was a tendency towards a
more efficient T cell activation through CD46 in HD patients
than in healthy controls. Statistically significant differences
were demonstrated in CD46-mediated T cell proliferation
between HD and predialysis patients (P = 0·027, Fig. 2). To
extend these findings the co-stimulatory index, defined by
the quotient of T cell proliferation under conditions of anti-
CD3 and anti-CD46 or anti-CD28 stimulation divided by T
cell proliferation using anti-CD3 alone, was determined in

Table 2. FACS analysis: influence of uraemia on CD4+ T lymphocytes.

HD patients PD patients Predialysis patients Healthy controls P-value

CD4+ 37 ± 10 50 ± 14 58 ± 16 42 ± 18

CD45RA+ 27 ± 17 25 ± 11 30 ± 24 41 ± 15

CD45RA+CD25+ 67 ± 23 60 ± 22 64 ± 16 23 ± 18 P < 0·001a

CD45RA+CD28+ 92 ± 10 96 ± 8 94 ± 5 97 ± 3
CD45RA+CCR7+ 93 ± 9 94 ± 5 92 ± 6 94 ± 5
CD45RA+CD46+ 100 ± 1 99 ± 2 99 ± 1 99 ± 1

CD45RO+ 73 ± 17 75 ± 11 71 ± 24 59 ± 15

CD45RO+CD25+ 74 ± 16 76 ± 13 76 ± 14 54 ± 28

CD45RO+CD28+ 91 ± 9 94 ± 7 93 ± 6 95 ± 9
CD45RO+CCR7+ 57 ± 17 65 ± 13 66 ± 18 60 ± 13

CD45RO+CD46+ 100 ± 1 99 ± 1 99 ± 1 100 ± 1

Results are expressed as percentage of positive cells ± s.d. To analyse the expression of different surface markers four-colour FACS stainings were

performed. The percentages were calculated from the total amount of CD4+ T cells positive for the specific antibodies as analysed by winmdi 2·8

software. aStatistical analysis was performed by anova with Tukey–Kramer adjustment for multiple comparisons.
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HD, PD and predialysis patients and in healthy controls. In
HD patients, CD46-mediated co-stimulation was more pro-
nounced compared to co-stimulation through CD28
(P < 0·001, data not shown). This was also found to a lesser
extent in PD patients. In contrast, both in predialysis
patients and healthy controls, CD28-mediated co-
stimulation was significantly stronger when compared to
co-stimulation through CD46. Moreover, CD46-mediated
co-stimulation was significantly stronger in HD patients
compared to predialysis patients or healthy controls, while
CD28-mediated co-stimulation was significantly higher in
healthy controls compared to HD patients (data not shown).

CD46-mediated IL-10 production

Similarly to CD46-mediated T cell proliferation, we tested if
CD46-mediated IL-10 production was different in uraemic
patients compared to healthy controls. IL-10 production
using either anti-CD3 alone or in combination with CD28 or
anti-CD46 was heterogeneous in the studied groups and
ranged from 161 to 1750 pg/ml for anti-CD3 alone, from 288
to 9754 pg/ml for anti-CD3 and anti-CD28 and from 101 to
8403 pg/ml for anti-CD3 and anti-CD46. No statistical dif-
ferences in the absolute amount of IL-10 were found between
the groups (data not shown). However, in lymphocytes of
HD patients significantly more IL-10 was produced after
CD46 than after CD28 co-stimulation (P = 0·007, Table 3).
No association between IL-10 production and SNP geno-
types was found. The analysed SNP genotypes were distrib-
uted equally between uraemic patients and healthy controls
(data not shown). When the co-stimulatory effect on IL-10
production was assessed by calculating the co-stimulatory
index, again in HD patients co-stimulation via CD46 was
significantly stronger compared to co-stimulation through
CD28 (data not shown).

Fig. 1. Effects of co-stimulatory molecules on CD4+ T cell proliferation. 

To determine an anti-CD3 concentration requiring co-stimulatory mol-

ecules implicitly, various concentrations with or without antibodies for 

the examined co-stimulatory molecules were assessed in healthy con-

trols (a) and HD patients (b). Results are depicted as mean value ± s.d. 

*P < 0·001 compared to stimulation with anti-CD3 alone. Data are 

shown from single representative experiments that have been repeated 

in three subjects. Statistical analysis was performed by unpaired t-test.
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Fig. 2. CD4+ T cell proliferation: influence of 

CD28- and CD46-mediated co-stimulation. 

CD4+T cell proliferation was determined by 

[3H]-thymidine incorporation after 5 days. CD4+ 

T cells were stimulated with anti-CD3, anti-CD3 

and anti-CD28 or anti-CD3 and anti-CD46, 

respectively. Mean values are marked as black line 

(----). Statistical analysis was performed by 

unpaired t-testa and anova with Tukey–Kramer 

adjustment for multiple comparisonsb.
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CD46 splice variants

Inasmuch as we could demonstrate that co-stimulation
through CD46 was significantly stronger in HD patients
compared to healthy controls, we next addressed the ques-
tion, if this was associated with different CD46 isoforms gen-
erated by alternative splicing. Four major splice variants can
be detected by RT-PCR, i.e. the extracellular B domain is
either or not present resulting in BC or C variants that can
couple to one of the cytoplasmic tails Cyt1 or Cyt2. Based on
the distribution of these splice variants individuals can be
divided into three phenotypes [27]:

• In type L the C containing splice variants, coupled either
to Cyt1 or Cyt2, are expressed predominantly.

• In type E the BC or C containing splice variants, coupled
predominantly to Cyt2, are expressed equally.

• In contrast, the BC containing splice variants, either cou-
pled to Cyt1 or Cyt2, are represented more in type U.

T cell stimulation itself, irrespective of the antibodies
used, did not influence CD46 splicing (data not shown). As
isoform specific tyrosine phosphorylation has been
described for Cyt2 only, this could account theoretically for
differences in co-stimulatory capacity. Therefore all tested
individuals were grouped according to their distribution of
CD46 splice variants and the co-stimulatory index calculated
for T cell proliferation and IL-10 production using the com-
bination of anti-CD3 and anti-CD46. No differences in
CD46-mediated co-stimulation were found between CD46
phenotypes (data not shown).

Discussion

The main findings of this study are: first, T cell activation
occurs in uraemic patients independent of dialysis modality,
as demonstrated by an increased CD25 expression in the
naive population of CD4+ T cells only. Secondly, in HD
patients CD46-mediated T cell co-stimulation resulted in a
significantly increased T cell proliferation compared to
CD28-mediated co-stimulation, while the reverse was true
for predialysis patients and healthy controls. Thirdly,
lymphocytes of HD patients produced significantly more
IL10 after co-stimulation with anti-CD46 than after co-
stimulation with anti-CD28.

While an increased CD25 expression in T cells of HD
patients has been observed previously [28–33], the role of
uraemia versus dialysis in this abnormality remain to be elu-
cidated in more detail. In our study, the increased CD25
expression in CD4+ T cells was found in all uraemic patients,
irrespective of dialysis modality, suggesting an influence of
uraemia per se. CD25 expression in the naive CD45RA pop-
ulation is believed to be an early sign of T cell activation,
which normally may progress to the generation of post-
activated memory CD45RO+ T cells. No differences in the
percentage of memory CD45RO+ T cells, however, were
found between uraemic patients and healthy controls. This
might indicate that the type of activation observed in
uraemic patients was somewhat aborted or insufficient and
is most probably not indicating activated T cells directed
against certain specific antigens. To provide further evidence
for the existence of an insufficient T cell activation in
uraemic patients, we also investigated the expression of
CD69, another early marker of T cell activation, and HLA-
DR, thought to be expressed late in T cell activation.
Although CD4+ T cells from uraemic patients revealed
increased levels of CD25 in the naive CD45RA population,
we did not observe an increased expression either of CD69 or
of HLA-DR (data not shown).

The expression of the co-stimulatory molecules CD28 and
CD46 was not altered among the individuals tested. How-
ever, lymphocytes of HD patients proliferated more strongly
and produced more IL-10 than lymphocytes from healthy
controls after stimulation with 0·1 mg/ml of anti-CD3 and
anti-CD46 (5 mg/ml). It thus seems that HD patients and
healthy controls are the outer edges of a continuum whose
centre is formed by PD and predialysis patients. The
alterations in PD patients tend towards those seen in
HD patients, whereas predialysis patients showed a co-
stimulation pattern more similar to healthy controls. These
data do not imply that CD46 does not co-stimulate T cells in
healthy controls, as in the presence of higher concentrations
of anti-CD3 monoclonal antibodies CD46-mediated co-
stimulation was also observed in healthy controls. Similarly,
CD28-mediated co-stimulation in HD patients was also
found using 1 mg/ml of anti-CD3.

The increased IL-10 production could not be explained by
differences in IL-10 promoter gene polymorphisms, as the
genotype distribution of analysed SNPs was equal in HD

Table 3. Effects of co-stimulatory molecules on IL-10 production of CD4+T cells.

Anti-CD3 Anti-CD3 + anti-CD46 Anti-CD3 + anti-CD28 P-value

HD patients 443 ± 209 2130 ± 1306 480 ± 114 P = 0·007a

PD patients 634 ± 419 2870 ± 2495 2195 ± 2352

Predialysis patients 670 ± 313 1415 ± 1517 1809 ± 1828

Healthy controls 541 ± 352 1935 ± 2641 2629 ± 1935

CD4+ T cells from HD patients (n = 9), PD patients (n = 10), predialysis patients (n = 8) and healthy controls (n = 8) were stimulated with anti-

CD3, anti-CD3 and anti-CD28 or anti-CD3 and anti-CD46. The effects of co-stimulatory molecules on IL-10 production of CD4+ T cells were assessd

by the ELISA technique. Results are expressed as mean value ± s.d. (pg/ml). aTwo-sided Student’s t test was used for statistical analysis.
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patients and healthy controls. In addition, it must be stressed
that the findings of different types of IL-10 producers has
been demonstrated only for monocytes, while similar data
for T cells are lacking thus far. In fact, regulation of IL-10
production in T cells and monocytes seems to differ, as only
in monocytes but not in T cells enhancement in IL-10 pro-
duction is accomplished through binding of transcription
factors to cAMP-responsive elements in the IL-10 promoter
[34].

Our data are somewhat in conflict with previously pub-
lished data of Kemper et al. [20], who suggested that IL-10
production by T cells is mediated predominantly by CD46
engagement. In contrast, our data indicate clearly that CD4+

T cells also produce IL-10 when stimulated with anti-CD3
and anti-CD28. The amount of anti-CD3 used to stimulate T
cells in the study of Kemper et al. was 100 times higher than
in our study, which makes a direct comparison difficult.
Moreover, CD46-mediated IL-10 production was accom-
plished either by adding exogenous IL-2 or by including
anti-CD28 as additional T cell stimulatory factor [20].
Because the aim of our study was primarily to analyse the co-
stimulatory capacity of CD46 and CD28, we have chosen to
use low concentrations of anti-CD3 (0·1 mg/ml) without
addition of exogenous IL-2, to ascertain that the measured
stimulation was maximally co-stimulation-dependent.

Several CD46 isoforms can be expressed on T cells as a
result of alternative splicing [26,27]. These isoforms contain
one of two cytoplasmic domains termed CyT 1 and CyT 2.
The ability of these cytoplasmic sequences to couple with
intracellular signalling pathways is likely to determine the
nature of the cellular response upon ligand binding. Based
on the relative distribution of the isoforms, three phenotypes
can be distinguished. Uraemic patients express all known
CD46 splice variants. As tyrosine phosphorylation by scr
kinases occurs only for CyT 2 [26], and CyT 2 is represented
more strongly in phenotype E compared to phenotype U,
this could account theoretically for the differences in CD46-
mediated co-stimulation. Indeed, Marie et al. showed in a
transgenic mice model that contact hypersensitivity reaction
was decreased upon co-stimulation through CD46 CyT 1. In
contrast, CD46 CyT 2 co-stimulation resulted in an
increased reaction [35]. However, no differences in co-
stimulatory capacity of CD46 were found between individ-
uals with phenotype E or phenotype U, sugggesting that
quantitative differences in CyT 2 containing isoforms were
not likely to explain our results.

Thus renal insufficiency per se seems to have a major
impact on T cell co-stimulation, which is influenced strongly
by therapy modalities. Given the co-stimulatory characteris-
tics of CD46 and the presence of chronic complement acti-
vation, T cells in uraemic patients may have a lower
activation threshold. It remains to be elucidated if the altered
CD46-mediated co-stimulatory pathway is misguiding and
consequently affecting the cellular immune response in
uraemic patients.

The inclusion of patients with immunologically mediated
primary renal disease may be a confounding factor in our
study. However, the T cell response from these patients did
not differ from those with non-immunologically mediated
renal diseases. Furthermore, these patients did not show any
signs of active immunological disease at the time of this
study.

We conclude that lymphocytes of HD patients proliferate
more strongly and produce more IL-10 after co-stimulation
with CD46 than after co-stimulation with CD28. In healthy
controls and predialysis patients the reverse phenomenon
was observed. Our findings suggest that ongoing comple-
ment activation in uraemic patients, particularly in HD
patients, may contribute substantially to a dysregulation of
acquired immunity. The presence of insufficient activated
naive T cells and poor vaccination response in HD patients
could, at least partially, be explained by this phenomenon.
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