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It is generally accepted that apoptotic cells are swiftly cleared to prevent the 
exposure to potentially hazardous and autoantigenic contents. An abundant array of 
plasma proteins bind to apoptotic cells and promote the uptake of apoptotic cells by 
phagocytic cells. The stage of the apoptotic cell, i.e. an early apoptotic cell (EAC) or a 
late apoptotic cell (LAC) may determine the binding of the individual proteins and this 
aspect  of  protein  binding has  frequently  been  incompletely  resolved.  Using  three-
colour FACS analysis it was possible to discern protein binding to vital cells, EACs 
and LACs.

A plasma protein of major importance in apoptotic cell clearance is C1q and its 
deficiency  is  strongly  associated  with  development  of  SLE,  which  has  led  to  the 
hypothesis that defective clearance of apoptotic cells may result in the development of 
SLE. Other plasma protein deficiencies associated with development of SLE include 
other classical pathway components (C4 and C2), secretory-IgM, MBL and SAP.

SAP is a plasma protein that binds to phosphatidylethanolamine and hence it 
may also bind to PE moieties that are present on the EAC membrane. SAP binds to 
the EAC membrane and its binding is completely inhibited by soluble-PE suggesting 
that membrane PE is indeed the target for SAP (chapter 2). SAP binding to LACs is 
significantly  higher  suggesting  that  additional  ligands  for  SAP  binding  become 
available. Chromatin, which consists of DNA and histone protein, is a SAP ligand that 
is exposed by LACs. However, no effect of DNAse treatment or inhibition by soluble 
histone protein on SAP binding to LACs is observed, whereas soluble-PE completely 
inhibits SAP binding. Confocal microscopy of LACs shows that SAP binding is largely 
limited to the LAC membrane, suggesting that a disturbed architecture of the LAC 
membrane  may  be  a  major  determinant  in  the  increased  SAP  binding  to  LACs, 
whereas a role for chromatin is less certain. 

SAP and other phospholipid-binding proteins such as b2GPI, CRP and MBL 
may function in the clearance of apoptotic cells via the immunoglobulin receptor (FcgII) 
and LRP. Moreover, these proteins may activate the complement system and promote 
complement receptor-mediated uptake of apoptotic cells. Likewise, low plasma levels 
or decreased binding to late apoptotic cells may decrease apoptotic cell clearance and 
promote autoimmune disease. Though minor differences in plasma protein levels and 
protein  binding  are  detected  between  healthy  donor  and  SLE  plasmas,  no  major 
defects in binding of SAP,  b2GPI, CRP or MBL to apoptotic cells in SLE plasma is 
observed (chapter 3).

Previous  studies  have  shown  that  purified  C1q  binds  to  apoptotic  cells 
independently  from  immunoglobulins.  In  contrast,  incubation  of  EACs  in  a  more 
physiological milieu, i.e. whole plasma, results in low but significant binding of IgM and 
C4. IgG and C3 also bind although to a lesser extent (chapter 4). C1q binding to 
EACs  is  absent  and  binding  of  immunoglobulin  and  complement  to  EACs  is 
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comparable  to  vital  cells.  LACs  show  significantly  increased  binding  of 
immunoglobulin,  C4  and  C3  and  display  low,  but  significant  C1q  binding.  IgM  is 
instrumental in the C1q-dependent C4 and C3 binding to LACs in whole plasma.

SLE plasma is characterised by the presence of high titres of ANA and these 
antibodies likely bind to LACs although studies on the binding of ANA to specifically 
LACs are lacking. Strongly increased binding of IgG to LACs is indeed observed after 
incubation with SLE plasma and, interestingly, so was C1q (chapter 5). In fact, there 
is  a strong association between IgG and C1q and studies with  IgG-depleted SLE 
plasma  suggested  that  IgG  was  essential  not  only  for  C1q  binding  but  also  for 
complement activation.

Incubation with  healthy donor plasma results in a decreased PI staining of 
LACs. Investigation of this phenomenon shows that the decrease in PI  staining of 
LACs  is  caused  by  an  increased  release  of  nucleosomes.  This  is  caused  by  an 
enzyme activity, tentatively called nucleosome releasing factor, NRF (chapter 6).

The NRF activity in a subset of SLE plasmas is strongly decreased compared 
to healthy donor plasmas (chapter 7).  A higher ANA titre is inversely related to a 
lower  NRF activity.  Incubation of  healthy donor plasma with  ANA shows a similar 
decrease in NRF activity. Hence ANA inhibit the NRF activity in plasma. Removal of 
IgG from SLE plasmas restores the NRF activity in some, though other SLE plasmas 
display decreased NRF activity despite IgG depletion suggesting that these patients 
contain lower plasma NRF activity.
The NRF activity is inhibited by serine protease inhibitors suggesting that a serine 
protease is involved. Fractionation of plasma results in the isolation and purification of 
a 23 kDa plasma protein with NRF activity (chapter 8). This protein is identified as the 
light-chain of FSAP (Factor VII activating protease).
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