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Abstract

Apoptotic cells are rapidly cleared before cell leakage takes place. Impaired 
clearance  of  early  apoptotic  cells  (EACs)  results  in  cellular  leakage.  IgM  and 
complement bind to secondary necrotic, late apoptotic cells (LACs) and promote their 
elimination. A failure to eliminate LACs results in exposure to intracellular contents 
and autoimmunity. Persistent production of IgG autoantibodies, especially antinuclear 
antibodies  (ANAs),  is  a  hallmark  of  SLE.  Binding  of  ANAs  to  LACs  may  affect 
complement binding to LACs.

We investigated the levels of IgM, IgG, C1q, C4 and C3 in plasma of 16 SLE 
patients and 10 healthy controls. Moreover, we studied the binding of these proteins to 
apoptotic cells after incubation with SLE or healthy donor plasma.

Vital  cells  and  EACs  showed  moderate,  and  comparable,  binding  of 
immunoglobulin and complement to vital cells and EACs after incubation with SLE or 
healthy  donor  plasma.  LACs  displayed  highly  increased  immunoglobulin  and 
complement binding compared to EACs. Moreover, binding of IgG and C1q to LACs 
was significantly  higher  with  SLE plasma compared to  healthy donor plasma.  The 
significant  association  between  ANA  titers  in  plasma  and  C1q  binding  to  LACs 
suggested that ANA were involved in complement C1q binding to LACs. C1q-inhibiting 
monoclonal  antibody and EDTA almost  completely  inhibited complement activation 
(measured as C4 and C3 binding)  showing that  C1q was involved in complement 
activation.

We showed that LACs strongly bind IgG and C1q after incubation with SLE 
plasma and we obtained evidence that ANA were instrumental in this C1q binding

Introduction

Senescent and unwanted cells undergo a process of programmed cell death 
or apoptosis. The expression of phosphatidylserine moieties on the exterior apoptotic 
cell  membrane  enables  the  direct  recognition  by  scavenger  receptors  present  on 
surrounding  phagocytes.1 In  addition,  plasma  proteins  that  are  involved  in  such 
diverse  processes  as  lipid  homeostasis  (β2-glycoprotein-I,  clusterin),  hemostasis 
(thrombospondin,  protein  S),  innate  immunity  (IgM,  CRP,  Serum  amyloid  P 
component  (SAP),  large  pentraxin-3  (PTX-3),  mannan binding  ligand  (MBL),  C1q, 
surfactant proteins) and tissue homeostasis (milk fat globule-epidermal growth factor 
8,  or  MFG-E8)  interact  with  lipid  bilayer  PS  and  phosphatidylethanolamine  and 
promote apoptotic cell uptake.2-19

Once apoptotic cell clearance has failed in an early stage, the cell membrane 
ruptures  and  exposure  to  intracellular  contents  takes  place.  Recent  studies  have 
shown that IgM and complement bind to these secondary necrotic, late apoptotic cells 
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(LACs).20,21  Binding  of  IgM  and  complement  proteins  may  provide  a  back-up 
mechanism for the clearance of LACs.

IgM  and  complement  deficiencies  have  been  associated  with  defective 
clearance of apoptotic cells and with the development of SLE which has resulted in 
the hypothesis that SLE is caused by defective clearance of apoptotic cells.16,22 SLE 
patients  produce  significant  amounts  of  IgG  autoantibodies  that  bind  to  various 
intracellular, cytoplasmic as well as membrane antigens. The most probable source of 
the  autoantigens  triggering  the  immune  response  is  the  inadequately  eliminated 
LAC.23 Binding of autoantibodies may promote the uptake of apoptotic cells.24-26

In contrast, several studies have shown that elimination of apoptotic cells by 
professional  macrophages  is  hampered  in  the  presence  of  SLE  plasma.27-31 

Decreased  levels  of  complement  may  account  for  the  impaired  opsonisation  and 
phagocytosis of apoptotic cells.31 This study specifically addresses to the binding of 
immunoglobulins and complement to apoptotic cells after incubation with SLE plasma.

Material and methods

Material
Biotinylated monoclonal antibodies specific for C1q (C1q-2 and C1q-85), C4 

(C4-4)  and  C3  (C3-9)  were  developed  in  our  laboratory.  Biotinylated  monoclonal 
antibodies specific for IgG heavy chain (MH16) and IgM heavy chain (MH15) were 
obtained  from Sanquin  (Amsterdam,  The  Netherlands).  Etoposide  was  purchased 
from Sigma (St. Louis, MO, USA), streptavidin-allophycocyanin from Pharmingen (San 
Diego, CA, USA) and annexin-V-FITC from BenderMed (Vienna, Austria). Protein G 
Sepharose was purchased from Pharmacia Biochem (Uppsala, Sweden).

Cell culture and apoptosis induction 
Jurkat cells were used as a model for apoptotic cells, as apoptosis induction in 

primary cells is far less reproducible. Jurkat cells have been used in numerous studies 
as a model for apoptotic cells and the results were often comparable to primary cells. 
In addition, using Jurkat cells have the advantage that these cells do not express Fcγ-
receptors thus decreasing Fcγ-mediated aspecific binding of monoclonal antibodies.

Jurkat cells were maintained in culture medium (IMDM, 5% (v/v) foetal calf 
serum (FCS), penicillin, streptomycin, 50 μM 2-mercaptoethanol, further referred to as 
CM). Before apoptosis induction, cells were washed three times in CM without FCS 
(CM-) to prevent interaction between cells and proteins in FCS. In order to obtain cells 
in an early and late stage of apoptosis simultaneously, cells were incubated with CM- 

containing 200 μM etoposide for 16 hours.
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Recalcified plasma
We favoured the use of plasma instead of serum as the latter showed higher 

background  binding  of  immunoglobulins  and  complement,  presumably  due  to  the 
presence of cell debris that arise in serum production. Since incubation of apoptotic 
cells  with  citrated  plasma  is  useless  as  it  readily  coagulates  in  the  presence  of 
apoptotic cells, we used recalcified plasma. Blood was collected in vials containing 
sodium citrate  (10  mM final  concentration)  from 16  SLE  patients  and  10  healthy 
donors.  Plasma  was  collected  after  centrifugation  for  15  min  at  1300  x  g and 
transferred into a glass tube. CaCl2 was added (final concentration 10 mM) and the 
mixture was incubated for 15 min at 37oC to allow clotting, followed by incubation on 
ice for 30 min for clot retraction. Then, the clot was removed by centrifugation for 10 
min at 1300 x g and the recalcified plasma was stored at –20oC until further use.

Immunoglobulin and complement levels in SLE plasma
A turbidimetric assay using a Behring Nephelometer Analyser (Behringwerke 

AG, Marburg,  Germany)  was used for immunoglobulin,  C4 and C3 detection.  C1q 
plasma levels were determined with ELISA. In brief, an ELISA plate was coated with a 
monoclonal antibody specific for the stalk of the C1q protein (C1q-2). Then the plate 
was washed and plasma dilutions were added to the plate in PBS containing 10 mM 
EDTA and  skimmed  milk  2% (v/v).  The  plate  was  washed  and  incubated  with  a 
biotinylated monoclonal antibody specific for the globular heads of C1qa (C1q-85). 
Next, the plate was washed and incubated with streptavidin-horse radish peroxidase, 
followed by washing and staining with tetramethylbenzidin. The staining reaction was 
terminated with sulphuric acid and the extinction was read with a spectrophotometer. 

FACS analysis
In order to investigate the binding of plasma proteins to apoptotic cells we 

decided to use 10% plasma, as previously described.21 Apoptotic cells were washed 
twice in CM- and suspended at 5x105- 106 cells per ml. Then the cells were transferred 
into a 96-well round bottom plate, 100 ml per well and centrifuged at 1000 x  g. The 
supernatant was discarded, 100 ml of 10% recalcified plasma in CM- was added and 
the cells were incubated for 60 min at 37oC. Thereafter, cells were washed three times 
in FACS buffer (HEPES 10 mM pH 7.2 containing NaCl 150 mM, KCl 5 mM, CaCl2 2 

mM, MgCl2 2 mM) and incubated with 2 μg/ml biotinylated monoclonal antibodies for 
45 min at 4oC. The cells were washed three times in FACS buffer and incubated with 
250 ng/ml streptavidin-allophycocyanin and 1:200 diluted annexin  V-FITC in FACS 
buffer for 20 min at 4oC. Finally, the cells were washed in FACS buffer, and PI was 
added in a final  concentration of  500 ng/ml.  The cells were evaluated with  a four 
colour  Becton Dickinson FACSCalibur  (Mountain  View,  CA,  USA).  Vital  cells  were 
characterised by the absence of  annexin V-FITC and PI fluorescence, EACs were 
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annexin V-FITC positive and LACs were concomitantly positive for annexin V-FITC 
and PI. For each cell population, the allophycocyanin fluorescence, representing the 
extent of immunoglobulin and complement binding was measured. The protein binding 
was expressed as the median fluorescence intensity (MFI) of at least 5000 cells.

Statistics
Differences between groups were analysed with the Mann-Whitney test and 

associations were investigated with Spearman correlation (r) analysis (both rank-sum 
tests) as sample values not always showed Gaussian distributions. A P-value less 
than 0.05 was considered significant.

Results

SLE patients and controls
Blood was drawn from 10 healthy donors and 16 SLE patients who gave their 

informed consent. All patients were female, aged between 19-77 y. (mean 40 y.) and 
fulfilled  the ACR criteria  for  SLE.32 The SLE disease  activity  index  (SLEDAI)  was 
calculated and 3/16 SLE patients had a disease exacerbation (defined as a SLEDAI 
³10).33  All  patients  had  ANA  (antinuclear  antibody)  titres  ³  1:160  (binding  of  IgG 
antibody to HEp2; the titre represents the plasma dilution where binding of IgG to 
HEp2 cells  was  still  detectable).  Moreover,  8/16  patients  had high-affinity  ds-DNA 
antibodies (as measured in the Farr assay). Patient data are summarised in table 1.

Immunoglobulin and complement levels in SLE plasma
The binding of immunoglobulin and complement to LACs may depend on their 

corresponding  levels  in  plasma.  Therefore,  the  levels  of  immunoglobulins  and 
complement were determined. Decreased C4 and C3 levels were observed in most 
patients (13/16 and 11/16, respectively;  see table 2).  Moreover,  one patient had a 
decreased IgM level,  two patients had decreased IgG levels  and two patients had 
decreased C1q levels. In contrast, one patient had an increased IgM level and two 
patients had increased IgG plasma levels.

 
Immunoglobulin and complement binding to apoptotic cells

Incubation of  Jurkat  cells  with  200  μM etoposide for  16 hours,  yielded on 
average  20-30%  EACs  (annexin  V+/PI-),  30-50%  LACs  (annexin  V+/PI+)  and  the 
remaining  cells  were  vital  (annexin  V-/PI-).  Microscopic  evaluation  of  the  PI+ cells 
indicated that over 95% of these cells displayed condensed and fragmented nuclei 
characteristic of apoptotic cell death.

Slight  binding  of  IgM and  C4 to  vital  cells  and  EACs was  observed  after 
incubation with SLE plasmas and with healthy donor plasmas (fig 1A). Protein binding 
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Table 1.  Patient characteristics

Patient nr Gender Age SLEDAI1 Nephritis Prednison Farr2 ANA
1 F 37 16 + + 55 1:160
2 F 48 2 - + 20 1:640
3 F 41 16 + + 7 1:320
4 F 39 2 - + 12 1:640
5 F 27 0 - + 17 1:2560
6 F 51 2 - + 139 1:10240
7 F 77 0 - + 6 1:10240
8 F 33 4 + + 126 1:320
9 F 37 4 + + 95 1:5120
10 F 50 2 - + 1 1:640
11 F 44 1 - - 11 1:2560
12 F 19 0 - + 5 1:320
13 F 50 0 - - 1 1:160
14 F 27 0 - + 6 1:5120
15 F 33 12 + + 1972 1:320
16 F 30 2 - + 17 1:320

1 A SLEDAI score ³ 10 was considered as an exacerbation of disease
2 The Farr assay measures the precipitation of ds-DNA by high-affinity ds-DNA antibodies. A 
Farr score ³ 17 was considered positive

Table 2.  Patient plasma characteristics

Patient nr IgM

mg/ml

IgG

mg/ml

C1q

mg/ml

C4

mg/ml

C3

mg/ml
1 0.6 5.1 55 189 0.65 
2 1.8 8.4 51 129 0.78 
3 0.7 9.6 79 225 0.51 
4 2.0 7.2 7 60 0.69 
5 1.0 6.7 50 72 0.78 
6 1.7 10.7 44 74 0.72 
7 3.1 13.4 95 107 1.00
8 0.2 2.6 54 109 0.91
9 1.0 25.4 35 30 0.64 
10 1.6 13.2 90 104 0.94 
11 1.1 16.0 65 79 0.86 
12 1.0 10.7 27 88 0.86 
13 0.4 28.5 82 120 1.04
14 1.0 8.5 42 56 0.81 
15 0.9 10.2 2 115 0.24 
16 2.0 12.0 63 169 0.98
SLE (mean ± SEM) 1.3 ± 0.2 11.7 ± 1.7 54 ±  6 108 ± 13 0.78 ± 0.05
NHD (mean ± SEM)

NHD range 0.4-2.3 7.0-16
50±15

26-76 150-400 0.90-1.8
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to EACs after incubation with SLE plasmas or healthy donor patient plasmas was not 
significantly  different.  C1q  binding  to  EACs  was  absent.  Notably,  the  binding  of 
immunoglobulin and complement  to  vital  cells  or EACs was comparable  (data  not 
shown). 

Figure 1.  Comparison of immunoglobulin and complement binding to early apoptotic cells after 
incubation with SLE  or healthy donor plasma
Cells were incubated with 10% plasma and stained with annexin V, PI and antibodies. (A) Early apoptotic 
cells  (annexin  V+,  PI-)  and  (B)  late  apoptotic  cells  (annexin  V+,  PI+)  were  selected  and  the  median 
fluorescence  intensity  (MFI)  of  IgM,  IgG,  C4 and C3 binding  was  evaluated  after  incubation  with  SLE 
plasma (fat  boxes)  or  healthy  donor  plasma (slim boxes).  The boxes  extend  from the  25th to  the  75th 

percentile  with  a  line  at  the  median.  The whiskers  represent  the  highest  and  the  lowest  values.  The 
difference in IgG and C1q binding between SLE and healthy donor plasma is significant. 
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Incubation  of  LACs  with  plasma  showed  highly  increased  binding  of 
immunoglobulins, C4 and C3 (table 3 and fig 1B). Moreover, considerable C1q binding 
to LACs was found. The binding of IgG and C1q to LACs was significantly higher in 
SLE plasmas compared to healthy donor plasmas whereas IgM, C4 and C3 binding 
were comparable. Note that the MFI value of IgG binding to LACs may be actually 
above the upper limit of detection (which is represented by an MFI value of 9646) in 
8/16 SLE plasmas. Thus, the observed binding of IgG to LACs in SLE plasma might 
be  an  underestimation.  Protein  binding  to  LACs  may  depend  on  their  respective 
plasma  protein  levels.  Therefore,  a  possible  association  between  plasma  protein 
levels  and plasma protein binding to  LACs was investigated.  A low but  significant 
association between C3 levels and C3 binding was observed after incubation with SLE 
plasma, whereas immunoglobulin, C1q and C4 binding to LACs were independent on 
their respective plasma levels (table 4).

Immunoglobulins  are  important  activators  of  the  classical  pathway  of 
complement; hence the extent of immunoglobulin binding to LACs may influence the 
binding of  complement  to LACs.  A significant  association was found between IgG 
binding  and  C1q  binding  to  LACs  after  incubation  with  SLE  plasma  (table  5), 
suggesting that C1q binding may largely depend on IgG binding. Moreover, a strong 
association was observed between IgG and C1q binding in consecutive samples of an 
individual patient (r = 0.55, P = 0.006; fig 2). In contrast, associations between IgG and 
C4 or C3 binding and associations between IgM binding and complement binding after 
incubation with SLE plasma were absent.

Although total  plasma IgG levels  were  not  associated  with  IgG binding to 
LACs, the presence of  ANA or ds-DNA antibodies could contribute to complement 
binding. We observed a significant association between ANA titres and C1q binding to 
LACs (table 6, fig 3), whereas an association between ds-DNA antibodies and C1q 
binding was absent. No associations between ANA titres or ds-DNA antibodies and 
C4 or C3 binding were observed.

Mechanism of complement activation by LACs in SLE plasma
Preincubation of 10% SLE plasma with 10 mM EDTA or 100 μg/ml anti-C1q (a 

monoclonal antibody that binds to the globular head of C1q and inhibits the binding of 
C1q to antigen-antibody complexes) strongly inhibited C4 binding. On average, a 3% 
residual C4 binding to LACs was observed (range 1-10%) in the presence of either 
EDTA or anti-C1q (fig 4).  This shows that most C4 binding depended on  de novo 
classical  route of  complement activation and was not  due to binding of  preformed 
antibody-antigen complexes in SLE plasma.

88



Chapter 5

Table 3.   Median fluorescence intensity (MFI) values of protein binding to late apoptotic cells 
after incubation with SLE plasma (10%)

Patient nr IgM IgG1,2 C1q2 C4 C3
1 3924 4216 43 3162 562
2 1778 7773 339 2738 2053
3 5424 8659 58 3398 673
4 5232 7233 54 2942 1113
5 2738 9646 7773 3162 2287
6 4261 9646 9305 2128 2641
7 1778 9646 2838 2371 3785
8 237 6042 138 4531 1539
9 2838 9646 2458 1154 1539
10 5623 3278 107 378 96
11 5232 9646 3398 2287 4371
12 2053 9646 138 6042 4531
13 2838 3278 165 3398 3651
14 4067 9646 3050 5623 5048
15 2942 9646 64 437 143
16 5424 7498 237 2641 3278
SLE (mean ± SEM) 3524 ± 405 7822 ± 596 1885 ± 723 2900 ± 395 2332 ± 407
NHD (mean ± SEM)
NHD range

2860 ± 322
1382 - 4869

586 ± 125
305 - 1596

45 ± 7
31 - 107

1916 ± 512
111- 4216

1252 ± 173
392 – 2053

1A MFI value of 9646 represents the upper limit of detection
2Significant difference between SLE and NHD (P<0.0001)

Table 4.  Associations between immunoglobulin and complement levels in SLE plasma and 
their respective binding to late apoptotic cells after incubation with 10% SLE plasma 

Protein IgM IgG C1q C4 C3
rs=0.21
P=0.43

rs=-0.15
P=0.58

rs=0.04
P=0.87

rs=0.12
P=0.65

rs=0.53
P=0.04*

• significant

Table  5.  Associations  between  immunoglobulin  binding  and  complement  binding  to  late 
apoptotic cells after incubation with SLE plasma

Protein C1q C4 C3
IgM rs==0.20

P=0.45
rs=-0.33
P=0.21

rs=-0.26
P=0.33

IgG rs=0.61
P=0.02*

rs=-0.11
P=0.67

rs=0.46
P=0.07

*significant
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Figure 2.  Incubation of apoptotic cells with plasma from SLE patient 9 collected at various time 
points in the course of the disease. 
Cells were stained with annexin V, PI and specific antibodies. The binding of IgG and C1q to late apoptotic 
cells was determined. (For clarity of the graph, the different time points were evenly distributed; the time 
points do not reflect the actual distance in time)  

Table  6.  Associations  between  ANA  titres  or  high-affinity  ds-DNA  antibodies  (Farr)  and 
complement binding to late apoptotic cells after incubation with SLE plasma 

C1q C4 C3
ANA rs=0.74

P=0.001*
rs=-0.38
P=0.14

rs=0.32
P=0.21

ds-DNA rs=0.04
P=0.87

rs=-0.30
P=0.24

rs=-0.37
P=0.15

*significant

Figure 3.  Association between ANA titres and IgG or C1q binding to late apoptotic cells. The ANA 
titres were determined with binding of IgG to fixed and permeated HEp2 cells. (A) ANA titre and IgG binding 
and (B) ANA titre and C1q binding. Squares represent the individual SLE plasmas.
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Figure 3. (continued)

Figure 4.  Binding of C4 to late apoptotic cells after incubation with SLE plasma in the presence of 
anti-C1q or EDTA.
The binding of C4 to late apoptotic cells in the absence of anti-C1q or EDTA was considered to be 100% 
and the background staining of C4 in the absence of plasma as 0%. The black bars represent residual C4 
binding with anti-C1q and the white bars with EDTA. Eight SLE patients were tested (1 to 8) and 2 healthy 
donor plasmas were also tested.

Discussion

In  this  study  we  investigated  the  plasma  levels  of  immunoglobulin  and 
complement in plasma of SLE patients and we compared the binding of these plasma 
proteins to late apoptotic Jurkat cells. C4 and C3 levels were substantially lower in 
SLE plasma compared to normal values in healthy donors, whereas in general, the 
immunoglobulin  and  C1q  levels  in  SLE  plasma  were  within  normal  range.  No 
significant  differences in  protein  binding were  observed between SLE and healthy 
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donor plasma. The binding of immunoglobulin and complement to LACs was strongly 
increased.  Binding of  IgM,  C4 and  C3 was  comparable  after  incubation with  SLE 
plasma or healthy donor plasma. In contrast, IgG and C1q binding were significantly 
higher after incubation with SLE plasma. There was a significant association between 
IgG  and  C1q  binding,  suggesting  that  IgG  was  instrumental  in  the  C1q  binding. 
Indeed, activation of complement depended on C1q binding since C1q monoclonal 
antibody abrogated complement activation.

An important hallmark of SLE is the production of autoantibodies, including 
antiphospholipid antibodies and ANA. Antiphospholipid antibodies bind to membranes 
of apoptotic cells and promote the uptake of apoptotic cells by phagocytes.8,25  We 
observed only minor binding of IgG to EACs after incubation with SLE plasma and this 
IgG  binding  was  comparable  to  that  observed  with  healthy  donor  plasma.  This 
suggested that antiphospholipid antibodies were absent in all the 16 SLE plasmas or, 
alternatively,  that the phospholipid were not present on EACs. An anti-phospholipid 
antibody assay was negative for all the 16 SLE plasmas (data not shown). Our data 
are not in favour of a role for increased opsonisation of EACs by IgG or complement in 
SLE plasma.

The increased binding of IgG to LACs with SLE plasmas seemed independent 
on the total IgG levels; instead the IgG binding was significantly associated with the 
ANA titre, whereas no significant association with anti ds-DNA levels were observed. 
This suggested that the increased binding of IgG to LACs was for the most part due to 
ANA  binding,  hence  binding  of  IgG  to  LACs  may  be  considered  merely  as  an 
alternative way to detect the presence of ANA. The difference is that the ANA titre is 
determined  on  fixed  and  permeabilised  vital  HEp2  cells  whereas  non-fixed  late 
apoptotic Jurkat cells were used in the present study. 

The  significant  association  between  IgG  binding  and  C1q  binding  pointed 
towards  a  major  role  for  IgG,  and  hence  ANA,  in  C1q  binding.  This  significant 
association between IgG and C1q binding was also observed in a longitudinal series 
of plasmas from a single SLE patient.  This suggested that IgG binding determined 
C1q  binding  and  that  fluctuations  in  disease  activity  were  not  influencing  this 
association.  An  association  between  anti  ds-DNA  antibodies  (measured  with  Farr 
assay) and C1q binding was absent (not shown), which argues against a role for anti 
ds-DNA, specifically, in complement activation.  

The binding of C4 to LACs was strongly inhibited by anti-C1q, showing that C4 
binding  strongly  dependent  on  the  binding  of  C1q,  hence  C4  binding  completely 
depended on the classical route of complement activation. Moreover, the binding of 
C4 was inhibited by EDTA, suggesting that the binding of complement to LACs was 
not  merely the result  of  binding of  circulating immune complexes that had already 
bound C4, but depended on  de novo complement activation. Despite the increased 
binding of C1q to LACs with SLE plasma, the amount of C3 and C4 binding after 
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incubation with SLE plasma or healthy donor plasma were similar. The lower C4 and 
C3 levels in SLE plasma may in part explain this. 

Several studies have shown that phagocytosis of apoptotic cells is hampered 
in the presence of SLE plasma.27-31 Decreased complement levels in SLE plasma have 
been associated with decreased apoptotic cell clearance.31 Despite decreased C4 and 
C3 levels in SLE plasma, we observed no defect in C4 and C3 binding to LACs in the 
presence of SLE plasma. Our data suggested that adequate C4 and C3 binding might 
be  warranted  by  virtue  of  higher  IgG  and  C1q  binding  to  LACs.  In  addition,  the 
increased binding of IgG and C1q suggested that elimination of LACs in SLE plasma 
might also involve Fcγ and C1q-receptor dependent uptake. Interestingly,  a recent 
study has shown that autoantibodies promote phagocytosis of apoptotic cell debris by 
dendritic cells and that as a consequence autoantigen expression by dendritic cells is 
increased.30 This increased expression of autoantigens by dendritic cells may result in 
the sustained production of autoantibodies.

Several studies addressed to a defect in clearance of apoptotic cells in SLE. 
We conclude  that  opsonisation  of  apoptotic  cells  in  SLE  patients  per  se  is  not 
impaired, since LACs strongly bind IgG and C1q. Moreover, the association between 
IgG or C1q and ANA suggested that ANAs are involved in increased C1q binding
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