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Abstract 

Plasma proteins such as IgM and the pentraxins, C-reactive protein (CRP) and serum 

amyloid-P-component (SAP), can bind to apoptotic cells. We investigated whether these 

proteins recognize similar binding sites on apoptotic cells. Competition experiments with 

phosphate-monoesters showed that pentraxins and part of the IgM bind to phospholipid head 

groups. Moreover, competition experiments with purified proteins revealed that these proteins 

variably competed with each other for binding to apoptotic cells, SAP having the highest and 

CRP the lowest apparent affinity. We suggest that this shared specificity as well as their 

shared capability to activate complement, indicates that IgM and the pentraxins exert similar 

functions in the removal of apoptotic cells. 

Introduction 

Apoptosis induces a series of intracellular events leading to phenomena such as DNA 

fragmentation and caspase activation [1;2]. Among the morphological changes ensuing during 

apoptosis, is the reorganisation of the cellular membrane leading to the exposition of anionic 

phospholipids in the outer leaflet of the membrane, a phenomenon known as flip-flop. 

Exposition of these anionic phospholipids allows receptor-specific recognition of apoptotic 

cells by phagocytes [3;4]. Indeed, removal of apoptotic cells by macrophages and 

neighbouring cells is in part mediated by a receptor which specifically binds to the anionic 

phospholipid phosphatidylserine exposed on the apoptotic cell [3-5]. However, other 

mechanisms including binding of several plasma proteins and activation of complement [5-8], 

are also triggered by membrane flip-flop. Among the proteins binding to apoptotic cells are 

pentraxins such as C-reactive protein (CRP) and serum amyloid P component (SAP) [9-11]. 

CRP and SAP bind to phosphatidylcholine and phosphatidylethanolamine, respectively, in a 

calcium-dependent fashion [12-15]. CRP and SAP are supposed to participate in the clearance 

of these cells by phagocytes either by direct interaction with macrophage Fcgamma-receptors 

[16], or indirectly via activation of complement [5;6;17]. Other proteins binding to apoptotic 

cells include IgM antibodies [18; 19], which also can activate complement. Most of the IgM 

that binds to apoptotic cells, has been claimed to bind to phosphatidylcholine [18;20;21]. This 

suggests that the pentraxins CRP, SAP and IgM may share the same binding sites on 

apoptotic cells. 
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In the present study we investigated the binding of IgM, CRP and SAP to apoptotic 

cells, and tested the hypothesis that these proteins interact with the same binding sites. 

Material and Methods 

Reagents 

All biotinylated antibodies were monoclonal antibodies (mAbs) produced in our 

laboratory, including anti-CRP mAb 5G4 (lgG2a subclass) and anti-SAP mAb SAP 14 (IgGl 

subclass), which both have been described before [9;22]. Anti-human IgM mAb MH-15 

(IgGl subclass), mouse IgGl control and fluorescein isothiocyanate (FITC)-coupled rabbit 

anti-human IgM, F(ab')2, were obtained from Sanquin, Business Unit Reagents (Amsterdam, 

The Netherlands). MAbs were biotinylated with LC-biotin-n-hydroxysuccinimide ester 

(Pierce, Rockford, IL) according to the manufacturer's instructions. Recombinant CRP was 

obtained from BiosPacific (Emeryville, CA). Phosphocholine chloride calcium salt (PC), O-

phosphoethanolamine (PE) and O-phospho-L-serine (PS) were obtained from Sigma Corp. 

(St.Louis, MO). AnnexinV-FITC and propidium iodide (PI) were obtained from Bender Med 

System (Vienna, Austria) and streptavidin-allophycocyanin (Strep-APC) conjugate was 

obtained from BD Biosciences Pharmigen (San Diego, CA). 

Plasma 

Blood was obtained from human volunteers by venapuncture and collected in citrate. 

After centrifugation for 10 minutes at 1,300 g, plasma was obtained and stored at -70°C until 

used. Plasma was recalcified by addition of 10 mM CaCl2 and left for 1 hour at 37°C. 

Thereafter a clot had formed, which was removed by centrifugation for 10 minutes at 1,300 g. 

The supernatant, recalcified plasma, was stored in aliquots at -70°C until use. 

Purification of plasma IgM (lgMp) 

Lipids were first removed from recalcified plasma by promozol (Promosol Belgium 

SA, Brussels, Belgium) treatment. In brief, plasma and promozol (50%, v/v) were thoroughly 

mixed and incubated for 5 minutes at room temperature. The lipid layer was then removed by 

2 successive centrifugations of 20 minutes at 1,300 g. One volume of plasma was then 

incubated with one volume of saturated ammonium sulfate for 2 hours at 4°C, pH 7.4, under 

continuous stirring. After centrifugation at 1,300 g for 30 minutes at 4°C, the pellet was 

resuspended in phosphate buffered saline, pH 7.4 (PBS), and dialysed against PBS overnight 
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at 4°C. The precipitate was then applied to a Biogel A 1.5M (Bio-Rad Laboratories, Hercules, 

CA) column (45 ml) equilibrated with PBS containing 10 mM EDTA. IgM containing 

fractions were collected, pooled, concentrated, and dialysed against veronal buffered saline, 

pH 7.4 (VB), containing calcium (10 mM) and magnesium (2 mM) (VB"1"""), overnight at 4°C. 

The IgM fraction was then stored at 4°C until further use. 

Purification of SAP from plasma (SAPP) 

Human SAP was purified from normal human plasma by affinity chromatography as 

described by Ying et al. [23], with slight modifications. In brief, Biogel A 0.5M (Bio-Rad), 

which binds SAP in a calcium-dependent fashion, was equilibrated with VB , and incubated 

batchwise with recalcified human plasma, in the presence of 0.5 M NaCl, 10 mM CaCL and 2 

mM MgCL, final concentrations, overnight at 4°C. After extensive washing of the gel with 

VB", SAP was eluted with VB containing EDTA 25 mM. The preparation was then dialysed 

against VB^+ overnight at 4°C, and stored at -70°C until used. The preparation showed a 

single band at -25 KDa on SDS-PAGE. 

Protein concentration assessment 

IgM concentration was assessed by nephelometer measurement. CRP and SAP 

concentrations were determined by specific ELISAs as described earlier [9;22]. 

Binding of proteins to apoptotic cells 

Jurkat cells were cultured in IMDM supplemented with 5%, v/v, heat-inactivated 

foetal calf serum (Bodinco, Alkmaar, The Netherlands), 20 |ig/ml human apo-transferrin 

(Sigma), 100 U/ml penicillin and 100 ug/ml streptomycin (Life Technologies, Grand Island, 

NY) at 37°C in a humidified atmosphere (5%C02/95%air). Apoptosis was induced in Jurkat 

cells by incubation in 96 wells round-bottom plates at 2.5 xlO cells per well in serum-free 

IMDM containing 100 uM etoposide (Sigma) for 5 to 48 hours at 37°C. After apoptosis 

induction, cells were washed with serum-free culture medium to remove etoposide and 

incubated with recalcified plasma titrated in VB++ or with purified proteins diluted in VB++. 

Plasma was titrated from 0 to 40%, v/v. Alternatively, purified proteins at concentrations 

equivalent to those in plasma, were added. After an incubation for 30 minutes at 37°C, cells 

were washed thrice with Hepes buffer containing calcium (Hepes 10 mM, NaCl 150 mM, KC1 

5 mM, CaCL 1.8 mM and MgCL 1 mM, pH 7.4) and incubated with biotin-labelled 
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monoclonal antibodies (5 ug/ml in 50 ju.1 final volume) for 30 minutes at 4°C in darkness. 

After a second washing procedure, cells were incubated with streptavidin-APC (1 to 750 

diluted) and Annexin-V-FITC (1 to 100 dilution) in 100 (il final volume for 30 minutes at 4°C 

in darkness. After washing with Hepes buffer, cells were resuspended in Hepes buffer 

containing calcium as well as PI (at a final concentration of 500 ng per ml). Results were 

analysed by flow cytometry. Data were stored in Cellquest acquisition program and analysed 

with WinMDI 2.8 program. 

Competitive binding assays-

After apoptosis induction, the cells were washed with serum-free culture medium and 

incubated with a fixed concentration of one component and varying concentrations of the 

competing compounds. Competing compounds included the phosphomonoesters PC, PE and 

PS, as well as purified IgM, CRP and SAP. Binding of the component studied was measured 

with a labelled monoclonal antibody as described above. 

Analysis of data 

Data were analysed with GraphPad Instat® (version 3.0). Distribution of data was 

analysed with the method of Kolmogorov and Smirnov. As data appeared to be normally 

distributed. Student's t test and one-way analysis of variance (ANOVA) multiple comparison 

test with Bonferroni correction were used to assess differences between groups. Correlation 

between parameters was assessed by calculating the Pearson's correlation coefficient. A P-

value <0.05 was considered to represent a significant difference or correlation. 

Results 

Binding of plasma proteins to late apoptotic cells 

Jurkat cells were incubated with etoposide from 5 to 48 hours to induce apoptosis. To assess 

binding of plasma proteins to the cells, they were incubated for another 30 minutes at 37°C 

with 10%, v/v, recalcified plasma. Thereafter, binding of specific plasma proteins was 

measured by flow cytometry, in which triple staining was performed with specific, biotin-

labelled antibodies, annexinV-FITC (FL 1) and PI (FL 2). Vital cells were defined as negative 

for both annexin V as well as PI, early apoptotic cells as single annexinV-FITC positive, and 

late apoptotic cells as double positive for annexinV-FITC and PI. These cell populations were 

gated and specific binding of IgM, CRP or SAP to each cell population was studied. As 
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depicted in figure 1 which shows the results of 6 different plasma samples, each of the three 

plasma proteins bound to late apoptotic cells, and not to vital cells. Only SAP showed 

measurable binding to the early apoptotic population, as described earlier [9]. As a control for 

the specificity of the antibody binding, we used an irrelevant mouse IgGl antibody, which 

showed background staining similar to that of cells incubated in the absence of plasma. 

Testing plasma samples from other healthy individuals yielded similar results. Hence, in all 

further experiments we only considered binding of proteins to late apoptotic cells. 
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Figure 1; Binding of IgM (A), CRP (B) and SAP 
(C) to vital, early apoptotic and late apoptotic 
cells. Jurkat cells incubated for various times with 
etoposide (100 uM. final concentration) were pooled 
and incubated for 30 minutes at 37°C in 10%, v/v, 
recalcified plasma from 6 different healthy donors. 
Cells were then triple stained with AnnexinV-FITC 
(FL1), PI (FL2) and specific biotinylated mAb 
coupled to Streptavidin-APC (FL4). Vital, early 
apoptotic and late apoptotic cells then were 
discriminated based on FL1 and FL2. Binding of IgM 
(A), CRP (B) and SAP (C) is depicted as mean 
fluorescence intensity (MFI). Lines indicate the mean 
of each group. Data were analysed with Student's t 
test (ns: non significant). 

Vital Early Late 
apoptotic apoptotic 

Figure 2 shows dose-response curves of individual plasma samples regarding IgM 

binding to apoptotic cells. Binding of IgM reached a plateau at 5 % plasma for these samples. 

Remarkably, the level of this plateau was different for each plasma sample, pointing to 

different specificities of IgM recognising the neo-epitopes exposed on apoptotic cells or to a 
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competition between plasma proteins for the binding to apoptotic cells. Unless otherwise 

indicated, we used 10 %, v/v, plasma in all further experiments. 

Moreover, binding of IgM as well as that of CRP and SAP to the apoptotic cells 

appeared to be variable in different plasma samples (figure 1). To assess the relation between 

plasma concentration of a protein versus its binding to apoptotic cells, more plasma samples 

were analysed (n=l 1). Binding of IgM antibodies as well as that of CRP and SAP to the cells 

correlated with their respective plasma concentration (IgM R=0.68 p<0.05, CRP R=0.82 

pO.001 and SAP R=0.78 p<0.005; figure 3). 

Figure 2: IgM binding to late apoptotic 
cells as a function of the amount of 
plasma tested. Apoptotic Jurkat cells were 
incubated with varying amounts of plasma 
from 5 healthy donors, and assessed for 
IgM binding. Results are depicted as mean 
fluorescence intensity (MFI). 

% plasma 

IgM binding to late apoptotic cells is partially inhibited by phosphomonoesters. 

Recent studies [18;21] show that the binding site for IgM on apoptotic cells 

comprises lyso-phosphatidyl. In order to investigate whether the epitopes for IgM recognising 

the apoptotic cells indeed were related to phospholipids, binding of IgM was studied in 

presence of increasing concentrations (0 to 40 mM) of various phosphomonoesters, i.e. PC, 

PE and PS. As plasma may contain competitors for the binding of IgM to apoptotic cells, we 

initially studied binding of purified IgM (0.2 g/L), isolated from a pool of various plasma 

samples. As depicted figure 4, binding of IgM to late apoptotic cells was decreased to 61 ± 18 

% (mean ± standard deviation) in presence of 20 mM PC, while PE and PS (20mM final 

concentration) reduced the binding to 82 ± 15 % and 75 ± 20 %, respectively. To validate 

their use as competitors under the experimental conditions used, phosphomonoesters were 

also studied for their effects on CRP and SAP binding to the apoptotic cells since these 

pentraxins bind specifically to phospholipids [13]. Indeed, binding of purified SAP could be 

inhibited completely by PE, even at low concentration (10 mM), while PS and PC had no 

effect at this concentration but rather enhanced the binding of this pentraxin up to 150% (data 

not shown). At higher concentrations, PC inhibited SAP binding to late apoptotic cells up to 

about 50% whereas PS had no effect. CRP binding was almost completely (90%) inhibited 
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when incubated in the presence of 10 mM PC. However, PE and PS also substantially reduced 

the binding of CRP to the apoptotic cells, although it has been described previously that the 

binding of CRP mainly occurs via phosphatidylcholine [13]. We next evaluated the effects of 

phosphomonoesters on the binding of IgM to apoptotic cells upon incubation with plasma 

(figure 5). Mean IgM binding observed with plasma samples from 6 different donors was 71 ± 

10 % in the presence of PC, as compared to binding in the absence of this compound 

(pO.001). PS reduced the binding of IgM to 84 ± 12 % (p<0.05). In contrast, incubation of 

the plasma samples in presence of PE had a negligible effect on the binding of IgM to the 

apoptotic cells (99 ± 16 %, ns). As observed with purified CRP, the binding of plasma CRP 

was also almost completely inhibited with all three compounds (residual binding with PC: 8 ± 

3 %, pO.001; PE: 8 ± 2 %, pO.001; PS: 15 ± 2 %, pO.001; see figure 5). Binding of SAP 

was inhibited to 17 ± 6 %, p<0.001, with PE, and was non-significantly increased in the 

presence of PC or PS to 136 ± 19 %, and 124 ± 63 %, respectively. 
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Figure 3: Relation between binding of IgM (A), 
CRP (B) and SAP (C) to late apoptotic cells and 
their plasma concentration. Apoptotic Jurkat 
cells were incubated with recalcified plasma 
samples (10%, v/v) from 11 healthy donors. 
Binding of IgM, CRP and SAP to the cells was 
then assessed with labelled mAbs, expressed as 
mean fluorescence intensity (MFI), and related to 
the plasma concentration of a single protein in 
each individual. R represents Pearson's correlation 
coefficient. 
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In the plasma sample that displayed the lowest binding of IgM to apoptotic cells, PC inhibited 

the binding by 48 % for plasma, PS had an intermediate effect (70% IgM binding in 

comparison to baseline binding), whereas PE had no effect (96%). When added to the plasma 

that showed the highest binding of IgM to the apoptotic cells, phosphomonoesters had 

negligible effects on binding of IgM to the apoptotic cells. Higher concentrations of 

phosphomonoesters did not change this inhibition pattern. As the effect of the 

phosphomonoesters on binding of CRP to the apoptotic cells, was different from the 

specificity of CRP described in literature, we performed additional experiments in which the 

effects of varying concentrations of phosphomonoesters were tested (figure 6a and b). CRP 

had the lowest affinity for PS as compared to PE or PC, whereas the effects of the latter two 

compounds were comparable. 

100 

50 • 
PC 

Figure 4: Inhibition of purified IgM binding to apoptotic cells by phosphomonoesters. Apoptotic Jurkat cells 
were incubated with 0.2 g/L purified IgM in the presence of 20 mM of various phosphomonoesters (PC: 
phosphorylcholine; PE: phosphorylethanolamine; PS: phosphorylserine), and assessed for IgM binding. Results 
were expressed as percentage relative to binding of IgM in the absence of phosphomonoesters, which was set at 
100%. Bars indicate standard deviation (n=2). 
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Figure 5: Inhibition of binding of IgM, CRP or SAP to late apoptotic cells by phosphomonoesters in 
recalcified plasma. Apoptotic Jurkat cells were incubated with recalcified plasma (10 %. v/v) in the presence of 
phosphomonoesters (PC: phosphorylcholine; PE: phosphorylethanolamine; PS: phosphorylserine), and tested for 
binding of IgM, CRP and SAP. Binding observed in the absence of phosphomonoesters was set at 100%. The 
data represent the mean ± standard deviation of experiments performed with plasma samples from 6 healthy 
donors. Results were analysed with one-way ANOVA multiple comparison test with Bonferroni correction. 
***p<0.001 and*p<0.05. 
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Figure 6: Inhibition of CRP binding to apoptotic cells by phosphomonoesters. (A) Apoptotic Jurkat cells 
were incubated with 10%, v/v, plasma supplemented with various concentrations of phosphomonoesters (PME). 
Binding of CRP to the cells was detected with labelled mAb, as described in methods, and expressed as 
percentage relative to binding in the absence of phosphomonoesters. Bars indicate standard deviation (n=2). (B) 
Cells were incubated with purified rCRP (10 (tg/ml) in the presence or absence of 20 mM phosphomonoester. 
Binding of CRP was then assessed by incubation with labelled anti-CRP mAb. Bars indicate standard deviation 
(n=2). Data were analysed with ANOVA multiple comparison test with the Bonferroni correction, ***p<0.001. 

Competition oflgM, CRP and SAP for binding to late apoptotic cells. 

To further investigate whether the binding sites on the apoptotic cells for the plasma 

proteins tested indeed were similar or at least overlapping, each of the purified proteins (IgM 

at 0.2 g/1, rCRP 10 |ig/ml and SAP at 10 jig/ml) were incubated with the cells in the presence 

of increasing amounts of purified competitors (IgM: 0.2 and 1 g/L; rCRP: 50 and 250 |J.g/ml 

and SAP: 50 and 250|lg/ml; see figure 7). It appeared that IgM binding to the late apoptotic 

cells was inhibited by SAP (27 ± 18 %, pO.001, residual binding with 250 ug/ml SAP) but 

hardly by rCRP (91 ± 19 %, ns, for IgM binding in the presence of 250 jig/ml rCRP). rCRP 

binding to the cells was inhibited both by IgM (1 g/L) and SAP (250 ug/ml) to 63 ± 15 %, 

p<0.001, and 34 ± 4 %, p<0.001, as compared to control values, respectively. SAP binding 

was affected neither by IgM (1 g/L) nor by rCRP (250 (Xg/ml) with a residual binding not 

different from that observed in the absence of competitor, i.e. 93 ± 7 %, ns, and 89 ± 8 %, ns, 

respectively. 
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Figure 7: Competition between purified IgM, 
CRP and SAP for binding to apoptotic cells. 
Purified proteins (A: IgM at 0.2 mg/ml IgM; B: 
rCRP at 10 ug/ml; C: SAP at 10 ug/ml) were 
incubated with apoptotic cells in the presence of 
competing proteins at the indicated concentrations. 
Binding of the protein was then assessed with 
labelled mAb and FACS analysis, and expressed as 
percentage relative to the binding observed in the 
absence of competitor. Data represent mean and 
standard deviation of 2 duplicate experiments. 
Significance of the differences between groups was 
analysed with ANOVA multiple comparison test 
with Bonferroni correction, ***p<0.001 and 
*p<0.05. 

CRP 

Similarly, the binding of IgM, CRP and SAP in 10% plasma, v/v, was competed with 

increasing amounts of purified competitors (figure 8). In plasma, IgM binding was hardly 

affected by 250 ug/ml rCRP (92 ± 11 %, ns) while it was significantly inhibited by 250 ug/ml 

SAP (78 ± 16 %, p<0.01), although not as efficiently as in the purified system. Binding of 

CRP in 10% plasma could be inhibited by both IgM (1 g/L) and SAP (250 ug/ml) to 27 ± 4 %, 

pO.001 and 63 ± 22 %, p<0.05, respectively. SAP binding in 10% plasma was not affected 

either by IgM (1 g/L) or by rCRP (250 ug/ml), being 103 ± 15 and 85 ± 27 %, respectively. 

Therefore, it appeared from these experiments that the apparent affinity for apoptotic cells 

was the highest in case of SAP, whereas CRP had the lowest affinity, and IgM being 

intermediate. 
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Figure 8: Competition between IgM (A), CRP (B) 
or SAP (C) in plasma for binding to apoptotic 
cells. Apoptotic Jurkat cells were incubated with 
10%, v/v, plasma supplemented with IgM, CRP or 
SAP at the indicated concentrations. Binding of 
proteins to the cells was assessed with labelled 
mAb and F ACS analysis, and expressed as 
percentage relative to the binding observed in the 
absence of competitor. Data represent mean and 
standard deviation of 2 duplicate experiments. 
Significance of the differences between groups was 
analysed with ANOVA multiple comparison test 
with Bonferroni correction, ***p<0.001, ***p<0.01 
and *p<0.05. 

CRP 

Discussion 

Several studies have shown that IgM [18], CRP [10] as well as SAP [9] can bind to 

apoptotic cells. Here, we demonstrate that in a plasma environment each of these proteins 

indeed can bind to apoptotic cells, although mainly to late apoptotic cells. This binding is 

proportional to the plasma concentration of these opsonins. Moreover, we show that IgM, 

CRP and SAP partially compete with each other for binding to apoptotic cells suggesting they 

share similar binding sites. 

IgM and CRP bound exclusively to the late apoptotic cell population [9; 10] while SAP 

bound to late, and to a lesser extent to early apoptotic cells. Previously, we have shown that 



SAP also weakly binds to erythrocytes with flip-flopped membrane, induced by ionomycin 

treatment [9], This weak binding of SAP to the flip-flopped erythrocytes likely is comparable 

to that to early apoptotic cells. In experiments not shown here, we also tested IgM and CRP 

binding to flip-flopped erythrocytes, and found no significant binding of either protein. Thus, 

apparently, binding of CRP, IgM, and also SAP, to late apoptotic cells does not solely result 

from a membrane flip-flop. Likely, additional events contribute to the exposition of binding 

sites on late apoptotic cells. One of these events may be hydrolysis of phosphatidylcholine 

into lyso-phosphatidylcholine by phospholipase A2 [24], which was shown to be necessary for 

binding of both IgM [18] and CRP [10] to apoptotic cells. 

Pentraxins have specificity for phospholipids, CRP for phosphatidylcholine [13;25] 

and SAP for phosphatidylethanolamine [9] and phosphatidylcholine [26]. Competition 

experiments revealed that the binding of the pentraxins to apoptotic cells indeed was inhibited 

by various phosphomonoesters, i.e. the head groups of these phospholipids (figures 4 and 5). 

Binding of SAP was only inhibited by phosphorylethanolamine, whereas binding of CRP was 

inhibited by phosphorylcholine. At higher concentration phosphoserine and 

phosphorylethanolamine also inhibited CRP binding to the apoptotic cells, in contrast to some 

published data [13]. Titration experiments revealed that CRP binding was best inhibited by 

phosphorylcholine, indicating that this pentraxin indeed has the highest affinity for this 

compound. 

Natural IgM antibodies that bind to apoptotic cells have been claimed to be specific 

for phosphatidylcholine [18]. We found that binding of IgM to the apoptotic cells was 

inhibited by phosphorylcholine in plasma from healthy donors tested, supporting this 

specificity. However, this inhibitory effect of phosphorylcholine on IgM binding in plasma 

was variable depending on whether plasma contained high or low levels of IgM binding to 

apoptotic cells. In plasma with low levels, inhibition by up to 60 % was observed, whereas in 

plasma with higher levels less or even no inhibition was observed. This variation between 

individuals, as well as the different dose-response curves (figure 3) obtained with different 

plasma samples, may reflect a quantitative difference as for the amount of competitors present 

in plasma. SAP is an obvious candidate. However, we did not find an inverse correlation 

between SAP binding and that of IgM. The inter-individual variation of IgM binding may also 

reflect a difference in repertoire of the IgM antibodies against apoptotic cells. Furthermore, 

we consistently found that binding of purified IgM to apoptotic cells could be inhibited by 

phosphorylserine and phosphorylethanolamine (figure 4), suggesting that part of the natural 

IgM has specificity for these phosphomonoesters as well. Remarkably, purified SAP strongly 
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and consistently inhibited binding of most IgM to the apoptotic cells, at least in the system 

with purified components (figure 7), further supporting that most IgM against apoptotic cells 

has similar binding sites as SAP, which in part may be phosphatidylethanolamine [13]. The 

poor inhibition of the binding of purified IgM to the cells by phosphorylethanolamine, 

presumably reflected a low affinity of this IgM for phosphatidylethanolamine, or to other 

specificities of IgM. One of these specificities may be phosphatidylcholine since SAP may 

also interact with phosphorylcholine [26], as we also found. 

Comparing the capacity of natural IgM, CRP and SAP to compete with each other for 

binding to apoptotic cells revealed that SAP had the highest affinity for the cells, whereas 

CRP had the lowest affinity: SAP could hardly be competed by IgM and CRP while this 

pentraxin could inhibit binding of IgM as well as of CRP to the cells. The observation that 

SAP also binds to early apoptotic cells (figure 1), indicates that a membrane flip-flop itself is 

sufficient to allow binding of SAP to the cells, whereas binding of CRP and IgM occurs at a 

later stage and requires other phenomena such as hydrolysis or oxidation of phospholipids as 

well [10; 18]. As a matter of fact the observed differences between the competition 

experiments performed with purified protein as opposed to those in plasma (compare figures 

4 and 5 and figures 7 and 8), are explained by the presence of SAP in the plasma. In the 

plasma system, SAP, because of its high affinity for the apoptotic cells, will interact with 

most, if not all, suitable binding sites on the apoptotic cells, leaving no room for anti-

phosphatidylethanolamine IgM to bind to the cells. Furthermore, in the presence of SAP, CRP 

mainly binds to phosphatidylcholine, and hardly to phosphatidylethanolamine. This 

presumably explains why the effect of SAP on CRP binding in the plasma system was less 

pronounced than that in the purified system. 

Although natural antibodies against phospholipids are present in all healthy 

individuals [27], their origin and function are not fully identified and are still debated. 

Antibodies against phospholipids, though thought to originate from immune responses against 

pathogens [28], have been shown to recognise oxidised-LDL and apoptotic cells [21 ;29]. In 

addition, since the detection methods do not always discriminate between phospholipids and 

their associated proteins like Beta 2-glycoprotein 1, the specificity of the anti-phospholipid 

antibodies detected is not always clear, although some evidence points towards 

phosphatidylcholine as a main epitope [27]. Our data support this specificity but also indicate 

that part of the natural IgM that binds to apoptotic cells also binds to other phospholipids such 

as phosphatidylserine and most probably to other neo-epitopes. It is tempting to speculate that 

neoepitopes exposed on apoptotic cells, in particular oxidised phosphatidylcholine, give rise 
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to an ongoing formation of the naturally occurring anti-phospholipid antibodies, in particular 

IgM antibodies. 

In this study we show that the pentraxins CRP and SAP compete with each other and 

with natural IgM for binding to apoptotic cells, suggesting that they bind to overlapping 

epitopes. Pentraxins as well as IgM share the ability to activate the complement system via 

the classical pathway once bound to a ligand. This shared specificity and function suggest that 

the pentraxins and natural IgM have a similar role in the clearance of apoptotic cells. 
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