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Historically, a facial rash in the form of a butterfly was the first recognized symptom 
of the disease which was later named systemic lupus erythematosus (SLE). Although 
Hippocrates already described red skin lesions in 400 B.C, the term lupus was used for 
the first time in 1200 A.D. Lupus, literally meaning wolf, was probably used because 
the facial rash resembled the pattern seen in a wolf’s face. Kaposi first described the 
systemic form of lupus erythematosus, in the 19th century. Nevertheless, it was not 
until the 1950s that the idea arose of SLE being an autoimmune disease. Shortly after, 
anti-nuclear antibodies (ANA) were discovered as a hallmark of SLE. Despite 
extensive research over the last decades, the pathogenesis and precise etiology still 
remains largely unknown.  

In recent years, apoptotic cells have been suggested to play a crucial role in 
induction and progression of SLE. This was especially demonstrated by  studies 
showing that the mere injection of large amounts of apoptotic cells into mice and rats 
induced ANA and lupus-like symptoms (1;2). Furthermore, accumulation of apoptotic 
cells is seen in blood and several organs in SLE patients (3-5). 

Apoptosis is a form of programmed cell death which plays a crucial role in 
development and homeostasis of the human body. Especially in continuously renewing 
tissues like the skin, cell growth and cell death has to be tightly regulated to ensure 
correct tissue function and prevent inappropriate excessive growth (Chapter 2). 
Sunlight, especially UVB, is a strong inducer of apoptosis and continuously induces 
apoptosis in exposed skin cells (keratinocytes). Most cutaneous lupus (CLE) lesions 
occur in light-exposed areas and can be triggered by sunlight exposure. Sunlight 
exposure can even induce systemic disease activity. The accessibility of the skin made 
it possible for us to use it as an in vivo model system to study the role of apoptotic 
cells in the development of inflammatory lesions, comparable to CLE lesions. The 
results of in vivo experiments using UVB-irradiated skin were further explored by in 
vitro studies investigating the separate contribution of several serum factors and the 
presence of possible intrinsic phagocyte defects in the clearance of apoptotic cells. 
 
UVB SENSITIVITY IN SLE 

The initial inflammatory response of the skin to UVB irradiation is vasodilation 
of cutaneous blood vessels resulting in erythema. In humans, the vasodilatory effect is 
mainly mediated by nitric oxide and prostaglandin E2 (6). The lowest UVB dose at 
which erythema is induced in the skin after 24 hours is called the minimal erythemal 
dose (MED). MED is used as a measure of skin sensitivity to UVB irradiation. 
Whether skin sensitivity is increased in SLE patients is still a matter of debate (7-9). In 
Chapter 3 we describe that SLE patients in our study have increased sensitivity to 
UVB, as judged by a significantly lowered MED. Controversy still exists whether  an 
association is present between autoantibody specificities for SSA and SSB and 
cutaneous LE (10-12). In our study no association was found between increased 
sensitivity to UVB and any autoantibody specificity, although the presence of such an 
association can not be excluded due to the limited number of patients studied. 
Nevertheless, increased sensitivity for UVB was associated with a history of butterfly 
rash. Butterfly rash often presents as a photosensitive eruption (13;14). Therefore, the 
increased sensitivity for a single dose of UVB might reflect the susceptibility of these 
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patients to develop a butterfly rash. The erythema induced in this early response is 
transient, but a single dose of UVB also induces apoptosis in the skin. 
 
INDUCTION OF APOPTOSIS IN SLE 

Apoptosis in the skin can be induced in multiple ways. Most relevant is 
exposure of the skin to UVB. UVB-induced apoptosis has been recognized as a 
complex process in which a variety of signaling pathways are involved; 1) apoptosis 
induced by direct DNA-damage, 2) death receptor mediated apoptosis, and 3) 
apoptosis via formation of reactive oxygen species (ROS) (Chapter 2). All these 
processes use caspase-3 as an effector caspase. Cleavage of procaspase-3 activates the 
caspase resulting in execution of the apoptotic process. Detection of the cleaved form 
of caspase-3 is therefore one of the most reliable apoptosis detection techniques in 
UVB exposed skin. Furthermore, the morphological appearance of apoptotic 
keratinocytes, with dark condensed nuclei and bright eosinophilic cytoplasm in basic 
hematoxylin eosin (H&E) staining, also allows easy detection of apoptotic cells. These 
apoptotic keratinocytes have been named sunburn cells (SBC). Additionally, the 
detection of DNA-nicks has long been a standard technique for detection of apoptosis, 
using either terminal deoxynucleotidyl transferase-mediated in situ end labeling 
(TUNEL) or in situ nick translation (ISNT). However, as discussed in Chapter 5, 
these latter techniques are unsuitable for detection of apoptosis in the skin, especially 
after UVB irradiation. DNA-nicks are formed during DNA-repair and during 
replication of DNA as well. Both processes are induced by UVB irradiation. Reports 
using solely these techniques to study apoptosis in tissues where proliferation and 
DNA repair are known to take place should be interpreted with great caution. 
Therefore, we merely used cleaved caspase-3 and H&E staining method in Chapter 3 
and 4 to detect apoptotic cells in the skin after UVB irradiation. 

In CLE lesions, increased numbers of apoptotic cells (15),  increased Fas 
antigen expression and decreased Bcl-2 expression (16) have been reported. Some in 
vitro studies suggested that keratinocytes derived from SLE skin are more sensitive to 
apoptosis (17) , which might explain accumulation of apoptotic cells in CLE lesions. 
However, inflammation itself could also have been the trigger for apoptosis seen in 
CLE lesions. Therefore, we investigated the induction of apoptotic cells before 
development of lesions, to evaluate whether or not apoptosis is involved in the 
initiation of the inflammation characteristic of CLE-lesions. Using two highly 
correlated techniques, described above,  we studied apoptosis induction in skin after a 
single UVB-dose of either 1 or 2 times the MED. The number of cleaved caspase-3 
positive cells and number of SBC were not increased in the skin of SLE patients after 
irradiation with UVB as compared to controls (Chapter 3). This indicates that 
keratinocytes in SLE patients are not more susceptible to apoptosis induction by UVB 
than controls. This provides in vivo evidence that increased induction of apoptotic cells 
by UVB is not underlying the development of CLE lesions. However, it does not 
exclude the existence of increased susceptibility of other cell types to  UVB-induced 
apoptosis or increased susceptibility of keratinocytes to other apoptotic signals in SLE 
patients (18).  
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CLEARANCE RATE OF APOPTOTIC CELLS IN SLE 
Like pathogens, apoptotic cells are primarily recognized by a large number of 

pattern-recognition molecules including soluble factors. Soluble factors include 
complement components, phospholipase A2, and the pentraxins, C-reactive protein 
(CRP), serum amyloid P component (SAP), and pentraxin-3 (PTX3), which can bind 
to apoptotic cells and mediate their uptake by macrophages (19-23). Phagocytes 
interact with apoptotic cells via a variety of  membrane receptors, including the 
lipopolysacharide (LPS) receptor (CD14), complement receptors (CD11a,b,c/CD18), 
the thrombospondin receptor (CD36), MER (membrane tyrosine kinase c-mer), the 
vitronectin receptor (CD51/CD61), CD44, and the phosphatidylserine receptor (24-
27).  

Accumulation of apoptotic cells as seen in SLE could be the result of either 
increased induction, as discussed above, or reduced clearance of apoptotic cells by 
phagocytes. A clearance defect could reside within the macrophage, reflecting intrinsic 
defects, or be acquired due to serum derived factors. Intrinsic defects were suggested 
in a study by Herrmann et al. who showed that clearance of apoptotic cells by 
monocyte-derived macrophages (MDM) from SLE patients is reduced (5), an 
observation also reported in a more recent study (28). To the contrary, in vitro and in 
vivo experiments in lupus-prone mouse strains could not detect intrinsic macrophage 
defects in their capacity to internalize apoptotic cells (29;30).  

In vivo studies were conducted by exposure of skin to UVB irradiation and 
studying clearance of apoptotic cells induced by UVB. As described in Chapter 4 the 
in vivo rate of apoptotic cell clearance in the skin of SLE patients is not significantly 
altered compared to healthy controls. Kuhn et al showed a decreased rate of apoptotic 
cell clearance in cutaneous LE patients. However, they based their conclusions merely 
on detection of DNA nicks. As described above and in Chapter 5, these techniques are 
highly unsuitable to detect apoptosis in proliferating tissues like the skin, especially 
after inflicting DNA-damage by UVB. Therefore, these results should be interpreted 
with great caution.  

As shown by the in vitro studies in Chapter 8, the absence of changes in 
receptor expression on MDM from SLE patients, along with the normal phagocytic 
capacity of MDM from SLE patients found in this study, favors the absence of 
intrinsic abnormalities in their MDM. Discrepancies between our results and others 
can be largely explained by differences in methodology. In Chapter 8, we also studied 
the influence of serum factors on apoptotic cell clearance. We showed that levels of 
complement factors C1q and C4, from serum of active SLE patients, correlated with 
the extent of phagocytosis of apoptotic cells, as studied in vitro in the presence of these 
sera. This means that decreased levels of C1q and C4, as seen in active SLE patients, 
may result in a decreased clearance rate of apoptotic cells. Furthermore, as shown in 
Chapter 9, IgG isolated from SLE patients can bind apoptotic keratinocytes and T 
cells and inhibit their uptake by macrophages via a Fcγ-receptor (FcγR) dependent 
mechanism. The latter findings were very surprising as antibody-mediated uptake was 
generally considered to facilitate uptake of pathogens.  
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PRO-INFLAMMATORY CLEARANCE OF APOPTOTIC CELLS IN SLE 
During the process of apoptosis intracellular antigens and neo-antigens formed 

by several apoptosis-associated caspases can become expressed on the surface of 
apoptotic cells (31;32). We showed in Chapter 9 that autoantibodies are able to bind 
to these membrane associated antigens expressed on late apoptotic cells. As discussed 
before, these bound antibodies may influence the rate of phagocytosis via FcγR 
interaction. However, FcγR interaction has also been shown to induce production and 
release of pro-inflammatory cytokines like TNFα and IFNα.  
 In vivo experiments described in Chapter 4, indicated that although the rate of 
apoptotic cell clearance is normal, a significant number of SLE patients develop 
infiltrates after UVB irradiation. In some of these patients this was combined with the 
development of inflammatory lesions which were located in the vicinity of 
concentrations of apoptotic cells, similar to observations in around 50% of CLE 
lesional biopsies. Furthermore, in patients who developed infiltrates, macrophages 
were infiltrating the epidermal layer and had ingested multiple apoptotic cells. As 
previous studies have shown high expression of IFNα in CLE lesion, we studied the 
involvement of IFNα in the development of infiltrates after UVB exposure. In 
Chapter 6, we show that IFNα is expressed in SLE skin before UVB exposure. UVB 
exposure increases this expression which persists in patients who develop infiltrates. 
IFNα expression is associated with upregulation of E-selectin and ICAM1 on the 
dermal endothelium. IFNα as induced after UVB-irradiation was not produced by 
plasmacytoid dendritic cells (pDC), as they were absent from these biopsies. However, 
as indicated by Blanco et al, other peripheral blood mononuclear cell-types are, in part, 
responsible for the increased IFNα levels seen in serum of SLE patients (33). These 
cells are likely also to be responsible for the high IFNα production in the skin seen in 
patients after UVB-irradiation. 
 Studies have shown that complexes of antibodies with apoptotic cells or 
apoptotic cell material induce release of IFNα in multiple cell types, like monocytes 
and pDC (34-36). This process is dependent on internalization, engagement of TLRs 
and FcγRs. As autoantibodies are present in SLE patients, UVB induced apoptosis will 
result in formation of these complexes. Interaction with resident or infiltrating 
monocytes/macrophages or dendritic cells may subsequently result in local IFNα 
production, as seen in the skin. Combined these data may provide an explanation for 
the development of infiltrates in SLE patients after UVB exposure. 
  
CONCLUDING REMARKS 

Essentially, development of SLE seems to require two, partially independent, 
events to take place. First, autoimmunity needs to be initiated by breaking tolerance to 
self-antigens, resulting in the generation of autoantibodies (37). On a susceptible 
genetic background, high numbers of apoptotic cells, expressing intracellular and neo-
antigens, can be a trigger for initiation of autoimmunity in SLE. However, 
autoantibodies can be detected long before clinical onset of disease. 
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Second, progression of autoimmunity into clinical disease will require further 
events to take place. Apoptotic cells may also be very important in this phase of the 
disease as supported by data presented in this thesis. In the skin, one of the organs 
often affected in SLE, sensitivity for UVB-induced apoptosis induction seems 
unaltered. Also, the clearance rate of apoptotic cells in UVB-irradiated skin is not 
defective, probably because a large part of apoptotic keratinocytes are cleared by 
shedding. Comparable to clinical photosensitivity, only approximately 30-40% of 
patients develop infiltrates after UVB irradiation. In SLE patients who develop 
infiltrates, macrophages seem to be more involved in apoptotic cell uptake in the 
epidermal layers of the skin. These apoptotic keratinocytes, like the keratinocyte cell-
line studied in this thesis, can be recognized by autoantibodies present in SLE patients. 
These apoptotic cell-containing immune complexes are a known trigger for IFNα 
production, which was found increased in the skin of SLE patients who developed 
infiltrates after UVB irradiation. Combined these data provide in vivo evidence that 
apoptotic cells are cleared in an inflammatory manner in SLE patients and IFNα seems 
to be one of the important mediators in the development of SLE cutaneous lesions.  

Apoptotic cells developing in other parts of the body will be mainly cleared by 
macrophages. Although no intrinsic defects are present in macrophages of SLE 
patients, serum factors greatly influence clearance rate of apoptotic cells. First, 
autoantibodies can not only bind to apoptotic cells but can also inhibit their uptake by 
macrophages, which is dependent on the interaction between IgG and its Fc-receptor. 
As IgG has been generally thought to facilitate uptake of, for instance, bacteria, it will 
be very interesting to discover which mechanisms are responsible for this inhibition. 
Although many receptors are involved in the uptake of pathogens and apoptotic cells, 
regulation might be very different. Engagement of FcγR may interfere with signals 
normally responsible for uptake of apoptotic cells. This “confused state” of the 
macrophage may result in inhibition of pathways involved in apoptotic cell 
internalization. 

 Subsequently, as in the skin, the interaction of autoantibody-opsonized 
apoptotic cells with Fcγ-receptors and Toll-like receptors will stimulate pro-
inflammatory clearance, resulting in local inflammation and damage in these tissues. 
After initiation of periods of active disease by the processes described above, 
decreased complement levels can aggravate the disease by further reducing effective 
clearance of apoptotic cells.  

Initiation of autoimmunity will be hard to prevent. Therapies should therefore 
target the processes which are crucial for the development and maintenance of 
inflammatory processes associated with clinical disease. Intervening therapies could 
target induction of apoptosis (UV-blockers, preventing infection), reducing 
autoantibody levels (B-cell depletion), blocking IgG- FcγR interaction or 
counteracting inflammatory cytokines like IFNα and TNFα.  Compounds interfering in 
some these processes have already been developed, and clinical trails studying their 
effects are underway.  
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